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Abstract

The Nieuweveen pingo is one of the many pingos present in the Eastern part of the
Netherlands. But it is unique thanks to the large and continuous sedimentary record.
Preliminary research of the Nieuweveen core showed very little human impact present at this
site. Therefore, the aim of this research is to determine how and when human influence
impacted the natural vegetation around the site. 45 samples were taken from the
Nieuweveen core and the pollen were extracted and analyzed. Based on the obtained pollen
record it became clear that humans influenced the area since 5500 cal. yr. BP. However,
clear human impact on the environment around the Nieuweveen site did not happen until
around 3500 cal. yr BP, which is extremely late. Comparisons with other well-known pingo
remnants such as the Hijkermeer pingo, Mekelermeer pingo and Uddelermeer pingo show
that the human impact on the Nieuweveen site was also very limited compared to other parts
of the Netherlands. As a result the vegetation around this site gives a clear picture of the
natural vegetation during most of the Holocene. Small scale farming, deforestation and
establishing of settlements all influenced the area. Although some had more impact than
others. Furthermore, changes in temperature and precipitation between 4200 cal. yr BP and
3200 cal. yr BP were also important contributors to some of the changes in the natural
vegetation, such as a rapid and sudden increase and later on a decline in Betula.



1. Introduction

Sedimentary archives may contain remains of past vegetation and the human impact on
them. During the early and early middle Holocene, the impact of humans on the vegetation in
the Netherlands was very limited, but since the later part of the middle Holocene and
especially the later Holocene the human impact on the vegetation increased. This increased
human impact resulted into a higher regional variation in the landscape during the latter half
of the Holocene (van Beek et al., 2015). It is well known that agriculture developed relatively
early in the northern Netherlands and had a large impact on the natural vegetation, but the
precise chronology of the influence of agriculture on the vegetation in the north of the
Netherlands is not well known and requires more archives and studies (Engels et al., 2016).
One of the sedimentary archives which contains a lot of information on the past vegetation in
the region is the Nieuweveen pingo remnant, which is located near the city of Hardenberg in
the province of Overijssel, the Netherlands. This site has been cored in 2020 and contains a
18-m long section of organic deposits of which approximately 6.5m is of Holocene age, which
is exceptionally deep for a pingo core (Hoek et al., not yet published). Pilot research from
students of the University of Utrecht on the sediment infill and pollen content of the
Nieuweveen pingo remnant has revealed a remarkably low amount of human influence on
the landscape. To reconstruct the natural vegetation and research how it was influenced by
human activities it is important to understand how the vegetation developed during the
Holocene. Furthermore, it is important to understand how human influence on the vegetation
developed and in which way they influenced the vegetation.

1.1 Vegetation history of NE Netherlands

In the Atlantic period (8-5 ka BP) large parts of the NE Netherlands were covered by
deciduous forests, these forests primarily consisted out of oak (Quercus). However elm
(Ulmus), lime (Tilia) and ash (Fraxinus) were also frequently occuring (van Beek et al., 2015).
At the forest edges and sandy ridges a more shrub like vegetation composition occurred,
which were dominated by hazel (Corylus) and bracken (Pteridium) (van Beek et al., 2015).
On nutrient poor and sandy soils, which had slowly disappeared, pine still occurred.
However, these trees gradually disappeared during the Atlantic period. On coversand plains,
small open spaces could be found, which were covered with heath (van Beek et al., 2015). In
early stages of the Subboreal period (5-2.5 ka BP) large deciduous forest occurred. Although
Oak (Quercus) still dominated these forests, lime (Tilia) and elm (UImus) were decreasing
(van Beek et al., 2015). At the end of the Subboreal period beech (Fagus) started to occur. In
NW Europe there appears to be a direct link between human influence and the occurrence of
beech (Pott, 1997), this suggests that the occurrence of beech should be limited in areas
with little human influence, like the area around the Nieuweveen pingo remnant. Human
impact on the environment caused the formation of woodland openings (van Beek et al.,
2015). This led to open vegetation consisting out of heath, herbs and smaller shrubs.
Compared to the Atlantic period the amount of pines has decreased significantly and only
survived on nutrient poor soils (van Beek et al., 2015). During this period ribwort plantain
(Plantago lanceolata), an important indicator for human activities, appeared, which grows in
areas with open grass vegetation. In wetter places willow (Salix) starts to occur (van Beek et
al., 2015). During the Roman Period a decrease in trees and an increase in heather and
grasses occurs, this coincides with the first appearance of cereal pollen and arable weeds
(van Beek et al., 2015). The pine forests have been completely cleared and are replaced with
hazel (Corylus). The deciduous forest are still dominated by oak (Quercus), but the
occurrence of beech (Fagus) in these forest has significantly increased. Heathlands have



developed on the poor sandy soils (van Beek et al., 2015). By the Middle Ages (1000 BP)
large areas were deforested. The remaining forest were dispersed and open. The landscape
was more open with scattered areas of shrub. Heathlands became more numerous and
increased in size (van Beek et al., 2015).

1.2 Human settlement history

In the Late Paleolithic (10 ka BP) human influence on the environment was very limited. They
lived in small groups of hunters and gatherers, which roamed the land (van Beek et al.,
2015). There settlements were mainly located near ice pushed ridges and coversand
landscapes, which had a high biodiversity and enabled the exploitation of a variety of
landscapes (Deeben et al., 2006). Hardly anything is known on the Early Neolithic (7300-
6200 BP) human impact. There are some finds of stone axes dating to this time period,
which suggests some sort of woodcutting. But this was most likely very limited and therefore
had not much of an impact on the vegetation (Raemaekers, 1999). However, the human
impact during the Middle Neolithic (6200-4850 BP) is clearly visible in the palynological
records (Spek, 2004). During the Middle Bronze age (3500 BP) increasing numbers of small
scale woodland openings appeared as a result of woodcutting, which is supported by
findings of both bronze and stone tools and well preserved settlements (Bos and Zuidhoff,
2011). The massive deforestation, which corresponds to the Middle Roman Empire (2000-
1700 BP), is absent at the study site. This area was never formally part of the Roman
empire. Furthermore, there was a change in the settlement system. Single farmsteads were
slowly substituted by fixed, nucleated settlements and agriculture became more prevalent
(Bos and Zuidhoff, 2011; Jgrgensen et al., 2020).

1.3 Pollen indicators of human activity

The current landscape of the Earth surface is a result of the combined effects of past climate
change and human activities (Li et al., 2008). In which way the ecosystem and landscape
have changed under the influence of human impact is an important factor for the
reconstruction of past environments. To gain an accurate paleoenvironmental reconstruction,
the impact of human activities must be considered. However, the impact of humans on the
environment is often hard to detect and quantify and as a result its effect on the paleo
records is often uncertain and complex (Li et al., 2008). Nevertheless, pollen analysis can be
used to determine how the natural vegetation looked like before human activities in the area
and reveal the rate, trend and scale of the various changes in the vegetation after humans
occupied the area and started to disturb the vegetation. Furthermore, the occurrence of
certain species and pollen types can be used to determine human activities in the area like
forest clearance and agriculture (Behre, 1986).

1.3.1 Decline in arboreal pollen

A decrease in tree pollen can be caused by human activities, climate change or both (Li et
al., 2008). Human impact would usually result in a decrease of one or multiple specific tree
pollen types in different sites. As a result of climate change you usually see a decline in
many types of different trees on a large spatial scale (Li et al., 2008). One of the most well
studied cases related to human impact is the elm decline. The decrease in Ulmus pollen can
be found in many sites all over Europe around 5100 year BP. Besides around 5100 year BP
this event was found during many periods such as 5500 - 4950 year BP, 4600 year BP, 4470
- 3945 year BP, 4050 — 3750 year BP and 2950 — 2650 year BP (Li et al., 2008; Hirons &
Edwards, 1986). In Europe a decrease in tree pollen often indicates the replacement of
woodland by farmlands and pastures. This replacement is marked by the rise of cereal pollen
and several cropland weeds, which consisted mostly out of Aster, Plantago, Ambrosia and
Gramineae (Birks et al., 1988; Li et al., 2008). A decrease in influx of tree pollen in



combination with the occurrence of open landscape pollen is usually an indicator of the
occurrence of deforestation.

1.3.2 Pioneer plant pollen

According to Li et al (2008) “a high influx and concentration of light-demanding pioneer
species like Alnus, Betula, Corylus and Pinus after high pollen values of species like Tilia,
Fraxinus and Quercus indicates a disturbance in the forest and points towards human
activity”. A research of Chambers & Price (1988) shows that in some cases the Alnus and
Corylus pollen do not show a decline or rise. It is suggested that this is caused by the
removal of hazel and alder trees for farming. When these plots were abandoned the hazel
would regrow. Abandonment of these farmlands and pastures can result in extensive
reforestation. Trees like Pinus, Betula, Corylus and in some cases Populus can quickly
spread after burning or forest clearance (Chambers & Price, 1988; Li et al., 2008). A sudden
increase of these tree species may be caused by human interference on the local vegetation.

1.3.3 Cropland weed pollen

The occurrence of cereal-type pollen together with certain cropland weed pollen can be used
as an indicator of prehistorical agriculture activities (McAndrews & Boyko-Diakonow, 1989; Li
et al., 2008). Many agricultural sites show cereal type pollen grains together with cropland
weed pollen like Portulaca, Plantago, Urtica and Rumex, which indicates agriculture around
that time. A species often found at the edges of these croplands is Centaurea cyanus
(McAndrews & Boyko-Diakonow, 1989; Li et al., 2008).

1.3.4 Changes in pollen concentration and influx

Human activities like forest clearance result in a decrease of trees in the area. This causes
the total pollen deposition in the area to decrease. As a result forest clearance can be
observed in the influx and concentration diagram. The total influx and concentration will
decrease as a result of the forest clearance in particular for open vegetation (Yang et al.,
2005). However, Aaby (1989) suggests that the influx of pollen would increase due to small
scale forest clearance at the initial stage of the disturbance. This is because the open canopy
resulting from the clearance would not only favour blooming flowers but also enhance the
overall pollen dispersal. Although intensive deforestation would quickly result in a decrease
of pollen influx and concentration.

1.3.5 Nitrophilous plants and pastoral weeds

Manuring as the result of grazing may increase the growth of nitrogen rich preferring plants
such as Cerastium arvense, Solanum nigrum, Artemisia, Peganum, Datura and
Chenopodiaceae, which can be found near settlements, croplands and pastures (Hjelle,
1999; Li et al., 2008). Pollen of Rumex, Plantago lanceolata and Asteraceae are commonly
found near pastures and mowing lands in the northern parts of Europe (Hjelle, 1999).

1.3.6 Pollen spectra patterns for human impacted vegetation

Deforestation was the main type of human impact on the vegetation by the early farmers in
forest regions (Behre, 1986; Li et al., 2008). The slash and burn strategy used by the early
farmers in the Netherlands meant that they only cultivated the land for a certain amount of
time before abandoning this land, because the cultivation of the land reduced the fertility and
therefore it become less suitable for farming after a certain amount of time. This change in



pollen deposition due to deforestation and agriculture caused by the first farmers is called
Landnam (lversen, 1973; R. Bakker, 1993). This fallow land often formed the basis for
vegetation regeneration and was a signal that farmers moved somewhere else (Li et al.,
2008). Pollen records may contain the entire process of human impact related to agriculture
on the landscape: the deforestation to make room for farming, the cultivation of crops on the
created plots, the abandonment of the land after the fertility decreased and the regeneration
of the original forest. Li et al (2008) divided these processes into 5 different stages (Figure 1).
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and cereal type pollen may occur within

this stage. However, the most important feature of this stage is the occurrence of the tree
pollen.

Stage 3: This stage is characterized by the cultivation of crops. Due to this cultivation cereal
type pollen and anthropogenic weeds occur in the pollen plot and they can become quite

high depending on the intensity of the cultivation.

Stage 4: This stage marks the abandonment of the farm land. This abandonment results in a
decline of cereal type pollen, which can be quite abrupt, and an increase in ruderal pollen,

like Plantago, Rumex and Asteraceae and an increase in tree pollen like Corylus, Betula and
Pinus.

Stage 5: This stage is characterized by the restoration of the original vegetation. Tree pollen
like Fagus, Carpinus, Fraxinus, Tilia, Quercus, Picea, Alnus and Ulmus increases, whereas
secondary forest pollen like as Corylus, Betula and Pinus declined.
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1.4 Pollen analysis in NE Netherlands

Pollen analysis is a popular method of studying the Quaternary vegetational and climatic
history. This method uses the numbers and kinds of pollen in samples, which are collected in
vertical series from sediment deposits and peat (Davis, 1963). The results obtained from
these samples are usually presented in a pollen diagram. In this diagram the percentage
value of each pollen and spore type are shown against the height or age of the samples.
These pollen percentages are presumed to show the percentage of vegetation types that
grew around the site during the deposition of the sediment (Davis, 1963). The basic
assumption around the pollen analysis method is that under the general circumstances the
number of a specific type of pollen deposited per unit of time at a certain point in time is
directly related to the total abundance of that species in the vegetational composition of the
site. (Davis, 1963). However, pollen diagrams do not show the numbers of deposited pollen,




but their proportion in the total pollen obtained from the sediment record. Certain species
disperse more pollen than other types and therefore this method is not valid. Nevertheless
can this be used for quantitative studies on past vegetation.

In North eastern Netherlands several studies have been
performed with pollen analysis. Bijlsma (1983) researched
the Nieuweveen site in 1982, he took several deep cores
and made a pollen diagram. His research focused on the
late Glacial. These cores show a thick layer of peat, mainly ;
sedge peat, between Ocm and 330cm. Between 175cm

and 270cm the peat contains wood remains. Around a

depth of 350cm the sediment shows a transition from peat

to gyttja. Deeper in the core there are sand layers present.

These sand layers can be found at a depth of a 880-

890cm, 1010-1020cm, 1030-1040cm, 1270-1280cm, 1420- 1250
1430cm, 1440-1450cm, 1505-1515cm, 1540-1550cm,
1610-1620cm, 1690-1700cm and 1780-1790cm. This core

shows two peat layers within the gyttja layer at a depth of
1350-1380cm and 1480-1505cm. These peat layers are e
most likely remnant of younger peat layers which fell into

the bore hole as a result of the coring. The transition from

gyttja to a continuous sand layer can be found at 1840cm. sl !
Figure 2 shows the pollen diagram from Bijlsma (1983),

this diagram shows at the top a thin layer of Holocene s
sediments until a depth of 750cm. A thick layer of younger
Dryas sediments can be found between 750cm and
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in Betula pollen at a depth of 1810cm and another increase ® QUERCE TUM MIXTUM

at a depth of 800cm. Pinus also shows an increase around
1810cm, whereas Salix shows a decrease. The other
pollen stay somewhat constant throughout the profile.

R. Bakker (2003) studied Gietsenveentje, which is located near the Gieten (53°00°88”N,
6°74'80”E), roughly 52 kilometres from the Nieuweveen site. 4 cores were taken from this
site and the lithology varies slightly within each core. The general trend in the lithology is
layer of homogeneous humic substance, followed by a thick layer of Sphagnum peat, a thin
layer of Sphagnum peat with Eriophorum, a thicker layer of detritus gyttja, a thin layer of
detritus gyttja with sand and loam and at the bottom of the core Pleistocene subsoil sand.
The pollen diagram of R. Bakker (2003) shows that at a depth of 470-465cm Betula
dominates with high amounts of Pinus. At a depth of 465-445cm Betula decreases and Pinus
and Corylus increase. At a depth of 445-405cm Alnus and Quercus appear and quickly
become the most common types. At a depth of 405-376cm Alnus, Ulmus and Fraxinus reach
high values and Fagus and Picea appear for the first time. Calluna also increases. At a depth
of 376-285cm Quercus and Alnus are dominant. Fraxinus reaches high values and Calluna
and Rumex acetosa show an increase. At a depth of 285-210cm Alnus becomes dominant
and Corylus reaches max value. Plantago lanceolata and Rumex acetosa increase as well
as Ericaceae. At a depth of 175-125cm the trees stay constant, only Fagus increases. From
130cm Alnus, Corylus and Quercus decreases, while Calluna sharply increases. At a depth
of 125-64cm Alnus and Corylus decrease, while Fagus reaches its highest value. Ericaceae
reaches almost zero. From 64cm onward agricultural indicators such as Cerealia-type and
Centaura cyanus increase.

Figure 2, Nieuweveen pollen diagram
(Bijlsma, 1983)



1.5 Research aims

The natural vegetation in the Netherlands during the early and mid-Holocene is well known
and described (Van Zeist, 1967; Zagwijn, 1994; van Beek et al., 2015; Engels et al., 2017).
However, the exact timing of the introduction of agriculture in the Netherlands is less well
known. Furthermore, the way agriculture developed and spread throughout the Netherlands
varies wildly, because the ecology and environment differs a lot throughout the Netherlands
(Louwe Kooijmans, 1993b; Bogucki, 1996). As a result, the effect of the development of
agriculture on the natural vegetation is relatively unknown. Therefore, this research will try to
answer the following research question:

“‘How and when did human activity influence the natural vegetation around the Nieuweveen
pingo remnant during the Middle and Late Holocene.”

To find an answer to the research question several sub questions need to be answered:

¢ What was the natural vegetation during the Middle and Late Holocene like?

e Which changes in the pollen record are regional changes and which are local
changes.

¢ How did agriculture develop in Europe and the Netherlands specifically?

e In which way did humans practice agriculture in the Netherlands

¢ How did humans impact the vegetation around their settlements

The aim of this research is to reconstruct the vegetation cover around the Nieuweveen pingo
remnant for the period between the Middle and Late Holocene and determine how this
natural vegetation has been influenced by human activity. This will be done by analyzing
pollen and NPP’s (Non-Pollen palynomorph), which may indicate human influences like
grazing by using dung fungi, obtained from the Nieuweveen core between 9000 BP, to
ensure a clear view on the natural vegetation in the area before human impact first occurred,
and 2000 BP, which is the top of the core. The results will be compared to results from other
research both from areas with much human influence and areas with almost no human
influence within NW Netherlands, key sites for these comparisons are Uddelermeer (Engels
et al., 2016), Hijkermeer (Zagwijn, 1956) and Mekelermeer (Bohncke, 1991). Furthermore,
archaeological data, mainly in the form of papers on the development of agriculture, human
settlements and different cultures and their interaction, will be used to explain and support
changes within the pollen record. Based on the data, comparisons and literature a conclusion
can be made on how the natural vegetation was influenced by human activity.



1.6 Pingos
The Netherlands, especially the province of Lake
Drenthe and Friesland, contains hundreds of N — =7

round and oval lakes and fens. Most were Permatrost Unirozen salurated Permalrost

sands

partially or completely filled with gyttja and (A

peat and dredged later on (de Gans, 2008). Lake drains
Most of these round and oval lakes and fens

are pingo remnants. The most famous pingo Pormafrost © _
remnants in the Netherlands are those of MR
Uddelermeer, Mekelermeer and Hijkermeer. ®)

The Nieuweveen site is also a pingo remnant, e ‘
therefore it is important to understand the N s . S
processes involved in the formation of a ' N
pingo. A pingo can only form in an ©
environment covered with permafrost. The

formation of pingos is the result of an injection oo =
of water into near surface permafrost, which o e iR

is the result of a pressure gradient in ground

water (Harris & Ross, 2007). The formation of Figure 3, schematic overview of the formation of a

ice lenses, which are the initiators of the hydrostatic pingo (Harris & Ross, 2007)

formation of pingos, occurs underneath the

permafrost. However, the way and the location these ice lenses form can differ. The
conditions under which these ice lenses grow determine what kind of pingo will form. Pingos
are subdivided into two different categories: Hydraulic pingos and hydrostatic pingos
(Hornum et al., 2020).

Hydrostatic pingos, often referred to as closed system pingos, form in old lake beddings.
Figure 3 shows the growth of a hydrostatic pingo schematic. When the depth of a lake
reaches below the active layer of the permafrost, lenses of unfrozen sediment may occur.
This usually occurs in lakes which do not completely freeze during winter. When these
criteria are met the lake prevents the sediments on the bottom from freezing. As a result
these lenses of unfrozen sediments are able to sustain within the permafrost (Harris & Ross,
2007). Such a lens of unfrozen sediments is called a talik (Rowland et al., 2011). However,
when the lake is dried up or drained the talik is no longer protected from the cold and it will
start to freeze. The permafrost surrounding the lake slowly moves towards the center down
the sides of the lake. As a result, the permafrost pushes the water ahead. This water moves
upwards at the center of the lake, where the permafrost is relatively thin because this path
contains the least resistance for the water. When this water reaches the active layer it
freezes and it forms the ice core of the pingo (Gurney, 2001). Hydrostatic pingos usually only
occur within regions with continuous permafrost layers. However, in some cases an
impermeable layer of clay may be sufficient enough instead of a permafrost layer (Mackay,
2011). Hydrostatic pingos usually occur alone in an area.

Hydraulic pingos, often referred to as open system pingos, form in areas where there is a
clear difference in elevation (Scholz & Baumann, 1997).

Parmafrost
aggradation

’

Collaps o
Collapsing ping Pond Thawing pingo Ica
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Figure 4 shows the schematic formation of a hydraulic
™ pingo. Elevation differences in mountainous areas can
z mysczon os cause a pressure gradient. This pressure gradient
L——i~_ | causes the upwelling of groundwater (Flemal, 1976).

7 . The water from rain or the melting of ice enters the
ground at high altitudes from beneath a glacier or
underneath permanent snow (Flemal, 1976). As a
result of the pressure gradient it surfaces at a lower
elevation, where the permafrost usually is weaker.
The water will move upwards throughout the weak
spot in the permafrost and freezes (Flemal, 1976).
This water forms the ice core of the pingo. As a result
of the necessary difference in elevation these pingos

s spcaeclt usually form at the base of a hill or mountain (Scholz
T ®w== - &Baumann, 1997). Where hydrostatic pingos only
: - — — ! occur as a single pingo in the area, hydraulic pingos
© usually occur in groups, because of the upwelling of
Figure 4, schematic overview of the formation ground water (Yoshikawa, 1993).
of a hydraulic pingo (Harris & Ross, 2007) The Nieuweveen pingo was most likely a hydrostatic
pingo (closed-system pingo). According to De Gans
(1981) and R. Bakker (2003) most of the northeastern part of the Netherlands contains till,
deposited during the glacial period, on the water divides. As a result open system pingos
cannot grow because the till rules out water supplying the groundwater from other source
areas, which is necessary for open system pingos. Furthermore, the Netherlands lacks the
necessary elevation difference for the formation of hydraulic pingos.
The pingo will continue growing until the water source has dried out. However, even though
the pingo may not grow anymore, the ice core will remain. Eventually the pingo will become
unstable and collapse on itself (Mackay & Burn, 2011). This collapse can be caused by two
different mechanisms: Mechanical failure and climate change.
When the water underneath the pingo freezes it expands. This expansion causes a crack to
form in the pingo surface. This crack exposes the ice core in the pingo. As the ice core in the
pingo keeps growing, the crack will widen and the ice core will be exposed even further. This
causes the ice core to be less well protected against the sun and heat. The ice core will start
to thaw and forms a summit crater, which potentially can fill up with melt- and rainwater to
form a summit lake (Mackay, 2011). There is also another possible form of mechanical
failure. This type of failure occurs when the input of water into the pingo exceeds the
potential of the water to freeze. As a result, a water lens can form within the pingo. The
hydraulic pressure of this water lens causes the pingo surface to rupture and expose the ice
core (Mackay, 2011). This exposure causes the ice core to melt and the pingo to collapse.
This collapse can be fully completed in a couple of decades (Mackay, 2011).
Climate is another important factor in pingo collapse. As long as the climate is stable,
permafrost conditions will remain and therefore pingos will grow, reach their maximum height
and collapse (Mackay, 1988).
When the ice core is completely melted and the pingo collapsed, a circular depression with a
surrounding wall of debris is left. The circular depression is then filled with water, forming a
lake (Mackay, 1988). During the Holocene most these lakes gradually fill with peat. In some
cases, the peat can continue to grow even after completely filling up the depression.
Depending on environmental conditions and the layout of the landscape a blanket bog or a
raised bog can form (Blackford, 2000).

The depth of the pingo can be used as an indicator of the minimum depth of the permafrost.
Since pingos can only grow in areas covered with permafrost and the ice cores grow
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underneath the active layer of the permafrost, the permafrost layer must have been at least
the depth of the ice core (Mackay, 1988). It is difficult to reconstruct the age of the pingo and
to determine when it collapsed. There is no material left from during the formation of the
pingo, making it difficult to date. However, it is clear that the pingo is older than the
sediments of the surrounding wall (Mackay, 1988). Furthermore, it can be stated that the
collapse of the pingo happened before the infill of the depression. It is important to note that
this is only true for the youngest infill of the depression, since the oldest infill can already
happen when there is only a summit depression before the pingo truly collapses(Mackay,
1988). Therefore the age of the pingo activity can be dated between the age of the
sediments of the surrounding wall and the youngest sediment infill in the depression (Kluiving
et al., 2010). The infill of these depressions are very valuable for paleoclimate
reconstructions as they often provide a continuous record. As is the case with the
Nieuweveen pingo remnant, which provided a continuous pollen record used for this
research. Most of the pingos in the Netherlands were formed during the Upper Pleniglacial.
During a period of discontinuous permafrost conditions. Continuous growth of the ice core
eventually resulted into the rupture of the pingo skin (De Gans, 1982; Kluiving et al., 2010).
During the onset of the Bglling warm interval the temperature began to rise, causing the
degradation of these pingos. This led to the formation of hundreds of small lake basins in the
Northern and Eastern part of the Netherlands (De Gans, 1982; Kluiving et al., 2010).
Therefore, most of these pingo remnants contain Lateglacial and Holocene sediments
(Kluiving et al., 2010).

1.7 Hydrosere
As previously mentioned in chapter /4 A

.....

1.6 the collapsing of a pingo can form
a circular depression, which is filled
with water, resulting in a lake. When
this lake is filled with organic material,
a succession of plant communities
can be observed. This succession
takes place from the middle of the
lake towards the edge and follows
each other up at the same location.
The different vegetation types that
succeed each other have a set
succession (Stouthamer et al., 2015).
This succession can be seen in figure
5. Hydrosere, the change from a
water body to land, can be
distinguished into two situations:
nutrient rich waters (eutrophic waters)
and nutrient poor waters (oligotrophic
waters) (Stouthamer et al., 2015).
The production of organic material is
faster in nutrient rich waters,
compared to nutrient poor waters.

veensoorten vegetatie

eutroof oligotroof
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The growth of algae and plants in I [ T p— £ mocrasbos (cls enz)
oligotrophic waters is very limited and o =
the organic material that is formed e S N
e organic material that is forme M

during the decomposing of these ”
organisms lay down on the bottom of
the lake in small layers, forming a dy

waterplanten en plankton

Figure 5, hydrosere of a lake (after Visscher, 1949)
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(Stouthamer et al., 2015). A dy is a form of gyttja that forms in oligotrophic waters and
consist out of almost pure humus (Stouthamer et al., 2015). Plenty of algae growth takes
place in eutrophic lakes. Some of these algae are able to take up calcium (Stouthamer et al.,
2015). When these organisms die and settle down at the bottom, in combination with the
calcium, gyttja is formed. This gyttja slowly fills in the lake. When the infill of the lake by gyttja
has reached the point that the bottom of the lake near the edge of the water body is around
2m deep reed can grow on the shore (Stouthamer et al., 2015). Reed is a vegetation type
that produces a lot of organic material each year. This material quickly fills up the lake and
the peat formed in this period is called reed peat (Stouthamer et al., 2015). When the lake is
filled up to a water depth of 0.5m, sedges start to dominate the environment and sedge peat
forms (Stouthamer et al., 2015). When the hydrosere continues the water body is almost
completely dried up and in slowly transitions from an eutrophic environment into a
mesotrophic environment (Stouthamer et al., 2015). This transition is caused by the dilution
of the nutrients in the water by rainwater. In this mesotrophic environment trees start to grow,
Alnus in a nutrient rich environment and Betula in a nutrient poor environment (Stouthamer et
al., 2015). Moss grows along the stems of these trees. These mosses keep the ground and
the leaves, which fell down on the ground, as well as any decaying wood humid (Stouthamer
et al., 2015). This enhances the formation of peat, which in this stadium is called woodland
peat. After this stage the hydrosere has finished and the water body is fully filled in and
transformed into land. At this point the peat formation is usually finished, however, with the
climate of the Netherlands with plenty of rain the peat formation usually continues
(Stouthamer et al., 2015). Lower parts of the terrain are filled with rainwater and the peat
retains the water. As a result the water table rises locally above the surrounding groundwater
table, which is determined by regional factors. As a result the nutrients in the peat diminish
and Sphagnum starts to grow (Stouthamer et al., 2015). This Sphagnum causes the
vegetation around it to change and disappear, causing the Sphagnum to become dominant.
This can create a raised bog on top of a fen (Stouthamer et al., 2015).

The Nieuweveen site shows two high peaks in Sphagnum, but besides those two peaks
Sphagnum was never really abundant in the pollen diagram. This suggest that
Sphagnampeat never formed in this site and Nieuweveen remained a fen. However, it is
important to note that the Sphagnum spores in the Nieuweveen site were very hard to see.
Most of the spores were really bleach, almost transparent, making it difficult to see those
spores on the slides. Furthermore, the two Sphagnum peaks are observed in slides which
were really clean and contained very little organic material making it easier to see those
spores, whereas the other slides within the peat layers contained high amounts of organic
material obscuring the slides. This made it very difficult to see those almost transparent
Sphagnum spores. Therefore two scenarios need to be taken into account. Once scenario
where Nieuweveen became a fen and a scenario where it became a raised bog. However, it
this point a fen seems most likely the case for the Nieuweveen site.

1.8 Peatlands

The occurrence, rate and nature of peat accumulation is strongly determined by optimal
moisture and temperature conditions (Roland et al., 2014). This is clearly highlighted by the
global distribution of these peatlands, as observed by Barber and Charman (2003). This
shows that peatlands are clearly impacted by climate. Therefore, peatland studies are
interesting as archives of past climate, resulting in clear and continuous records of
vegetation, hydrology, temperature etc. (Roland et al., 2014). This is also the case for the
Nieuweveen site. The lithology shows that the Nieuweveen core contains a thick layer of
peat, which holds a huge amount of information of a big part of the Holocene. However, to
interpret these data it is important to understand how peatlands are formed and capture this
environmental and climatic information.

Peatlands are often described as an area where the rate of decay of plant material is
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exceeded by production of plant material. The growth of peat is a result of the disturbed
decay rates due to wet or cold conditions together with high productivity during the growing
season (Roland et al., 2014). Two different hydromorphological types can be distinguished in
peatland systems: Ombrotrophic peatlands, often called bogs, have precipitation as their
main water source. The water table within ombrotrophic peatlands is determined by
precipitation and evaporation. Therefore ombrotrophic peatlands are heavily influenced by
climate (Roland et al., 2014). On the opposite, minerotrophic peatlands, often called fens, are
dependent on runoff and groundwater next to precipitation for their water supply. This means
that changes in climate do not affect this type of peatland as much as with ombrotrophic
peatlands and therefore changes in the water table cannot directly be linked to variations in
climate (Roland et al., 2014).

Paleoclimate data from peatlands commonly focused on two different aspects. The first one
is the location and timing of the start of the peat accumulation. This is regarded as a signal of
a shift from warmer and drier conditions to wetter and colder conditions (Gorham et al.,
2007). Studies focusing on this aspect can use all peatland sites, ombrotrophic or
minerotrophic. However, there are many local factors which impact the start of peat
accumulation such as vegetation, hydrology and substrate (Roland et al., 2014). As a result it
is difficult to point out a specific climatic variation that caused peat to accumulate at a site.
Therefore it is better to use regional records, which show simultaneous peat accumulation
over several sites to determine climate variations (Roland et al., 2014). The second aspect
centers on the diversity of peat composition and the elements that indicate changes in
precipitation and temperature over time (Barber & Charman, 2003; Roland et al., 2014).
Raised bog are most used in palaeohydrological reconstructions because of their high
accumulation rates. Besides the high accumulation rates, raised bogs have another feature
which sets itself above the other types of bogs, like blanket bogs. Raised bogs have a rather
consistent peat accumulation rate. They accumulate about 10-20 years/cm, whereas other
bog types like blanket bogs accumulate 20-50 years/cm and these accumulation rates can
vary each year (Blackford, 2000; Barber & Charman, 2003; Roland et al., 2014). Raised bogs
possess a unigue convex profile sets them apart from the groundwater table's influences.
Consequently, the water supply for these raised bogs relies entirely on atmospheric sources.
Occasionally, runoff from the raised bog may give rise to a lagg-zone at the periphery of the
bog system. Nevertheless, this phenomenon does not impact the water table depth on the
surface of the raised bog (Roland et al., 2014). Howie & Tromp — van Meerveld (2011)
describe a lagg-zone as “A transition zone at the margin of a (usually raised) bog receiving
water from both the bog and the surrounding mineral ground, often characterized by fen or
swamp vegetation, transitional water chemistry, and shallow peat of relatively low hydraulic
conductivity”. Ombrotrophic raised bogs are ecosystems, which are mostly acidic, anoxic
and nutrient poor (Roland et al., 2014). These ecosystems are formed by the continuous
accumulation of dead plant material (Roland et al., 2014). Sphagnum generally dominates
these acidic, anoxic, nutrient poor ecosystems although other families like Ericaceae and
Cyperaceae are also commonly found (Roland et al., 2014). The presence of Sphagnum
causes acidification of the surrounding environment. Sphagnum takes up certain nutrients
like potassium from the environment and releases hydrogen ions. This process acidifies the
environment, making it less habitable for other plant species. As a result, Sphagnum
becomes even more dominant, since this species is capable to sustain highly acidic
environments (van Breemen, 1995). Sphagnum cannot regulate water loss; therefore this
species is highly dependent on favorable conditions. Therefore, a positive water table and
favorable climate conditions are of great importance for the formation and growth of a raised
bog (Roland et al., 2014). Because of this reliance on precipitation, regions were
ombrotrophic raised bogs are capable of forming and growing are sparse. These regions
need to experience a high precipitation rate which exceeds the evaporation and runoff in the



14

area (Roland et al., 2014). Therefore, these type of peatland systems are often found in
northwest Europe. Based on the occurrence of Sphagnum spores in the pollen record during
the peat phases as well as the location of the site, it is possible that the Nieuweveen site was
also a sphagnum peat site. However, the lack of high amount of Sphagnum spores and a
hiatus as a result of the degradation of peat, which you would expect since there is no raised
bog present at the moment, raises the question whether Nieuweveen was a raised bog or
that it stayed in a interphase between raised bog and a fen.

1.9 Peatlands as archives of climatic change and human impact

Climate change has become one of society’s most major issues. The uncertainty and
potential risk as a result of climate change has spurred an interest in abrupt climate changes.
Past changes in climate, recorded within peat layers can be used to determine the effects of
changes in precipitation and temperature on the vegetation. Therefore, peat records can help
society to determine the effects of the current climate change and help society prepare for
what is to come. Climate plays an important role in the bog surface wetness (BSW). At first it
seems that prolonged, increased rainfall influences BSW. However, a study from Barber et
al. (2000) showed that different sites located at varying distances from each other and with
varying altitudes, but with comparable precipitation levels showed different BSW. The only
variable from these sites were temperature, indicating that temperature is a dominant driving
force. Furthermore, Barber and Langdon (2007) conducted a study in which they compared
various BSW records dating back to the mid-Holocene with temperature records. The
temperature data were derived from chironomid data collected from several lakes, providing
an average July temperature. The analysis revealed a correlation between the shifts in BSW
and changes in temperature. This suggests that variations in BSW coincided with fluctuations
in temperature during the mid-Holocene period. Charman et al. (2009) suggests that BSW
should be considered a function of both temperature and precipitation.

The climate record, which is archived in the peat and can be observed by using different
forms of proxies, is a representation of biological and chemical responses to changes in the
bog surface wetness over time. Therefore, it can be stated that changes in BSW is a result of
changes in the atmospheric moisture balance (Roland et al., 2014). Peat based stable
isotope analysis may help to better understand the key drivers, which change the BSW. This
technique could record shifts in temperature and precipitation. This allows for a comparison
between isotopic records and BSW proxies. However, the forcing of these changes in
temperature and precipitation are still controversial (Roland et al., 2014). Two major drivers
are proposed: solar variability and ocean forcing. Support for solar forcing comes from
various records and proxy data like ice cores, lake varves, and glacier fluctuations, indicating
evidence of solar irradiance variability. Ocean forcing also plays a crucial role in influencing
climate patterns and environmental conditions (Barber et al., 2008). Although precipitation
and temperature changes in northwestern Europe are more likely driven by variations in the
North Atlantic, changes in BSW has been linked to changes in oceanic forcing by several
studies (Bond et al., 2001; Blundell & Barber, 2005). However, changes in oceanic forcing
are linked to solar variability, which creates a complicated relationship between the two and
their impact on the BSW (Roland et al., 2014). Raised bog records, which are maostly
complete and span across a long time period, can be used to determine dominant
periodicities. The Holocene peat based paleoclimatic archive from northwest Europe
contains many well documented climatic changes as well as the introduction of human
activity in the area. Many of these events, both human impact and climatic impact have been
studied thoroughly with the help of peat records, such as 2.8 kyr event (Van Geel et al.,
2014), the introduction of agriculture in Europe (Andri¢, 2007), the 8.2 kyr event (Pross et al.,
2009) and the little ice age (Hotchkiss et al., 2007). However, the 4.2kyr event, which is one
of the major abrupt climatic changes in the mid-Holocene remains comparatively
underrepresented (Kleijne et al., 2020). Unfortunately most of the peat records in the



15

Netherlands have been excavated for the use of fuel from 2000 cal. yr. BP. Furthermore, in
some places the peat layers were superficially burned by the buckwheat culture (Casparie,
1972; Dupont, 1986). Furthermore, appendix 1 shows a clear decrease of humidity in the
core around 70cm. The humidity reaches values below the indicative value of 90% based on
the LOI (Loss on ignition). This suggests drying of the peat and possibly oxidation.



2. Study site
The Nieuweveen pingo remnant (52°33'49”N, 6°40'00”E) is located near the city of
Hardenberg, close to the border between Germany and the Netherlands. It has an elevation
of about 10.4m a the current sea level. Figure 6 shows the location and elevation of the
pingo remnant. The Nieuweveen pingo remnant is one of the many pingo remnants that can
be found in the eastern part of the Netherlands, often found as circular or oval depressions in
the landscape. The Nieuweveen pingo is nearly circular with a diameter of 350 m. The infill of
the pingo remnant consists out of 19 meter thick organic material (Bijlsma, 1983). The
depression that was formed in fluvioperiglacial deposits consists out of fine sands, which is
alternated by layers of silt. These layers of silt are most likely a result of lake deposits
(Bijlsma, 1983). The sides of the depression contain older coversands |, deposits of the
Beuningen complex and older coversands Il (Bijlsma, 1983).
Small rivers laid down sand during the early and middle Pleniglacial. These sand deposits
mixed with the loam and peat layers. These fluvioperiglacial deposits can be found all over
the area, mostly between the ice pushed ridges (Bijlsma, 1983). During the late Pleniglacial
the whole area was covered with aeolian sands. These aeolian sands are often fine grained
and contain thin layers of loam. This type of coversand is called older coversand | (Bijlsma,
1983). On top of the older coversand | layer, the Beuningen complex can be found. The base
of this Beuningen complex contains arctic soil. This arctic soil developed in the older
coversand I, which was cryoturbated. Overlaying this arctic soil is a layer of coarser deposits.
This coarser deposit contains large ice wedge casts (Bijlsma, 1983). The top of the
Beuningen complex contains a thin eolized pebble band. This pebble band is called the
Beuningen gravel bed (Bijlsma, 1983). On top of the Beuningen complex older coversand Il
can be found. This aeolian deposit has the same lithology as the older coversand | (Bijlsma,
1983). In the Late Weichselian a new layer of coversand was deposited. This layer of

Figure 6, Google Earth view of the location of the Nieuweveen pingo remnant and an elevation map of the surrounding area
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coversand is coarser than the Pleniglacial coversands. This younger coversand contains fine
gravel and there is no loam layer present (Bijlsma, 1983). During the Holocene the area was
an almost flat plain. This plain was originally covered with Holocene peat. This peat has been
dug out during the last centuries to be used as fuel (Bijlsma, 1983). Figure 7 shows the cross

section of the Nieuweveen pingo as described by
Bijlsma (1983).

Appendix 2 shows topographic maps, obtained via
topotijdreis.nl. These maps show that before 1932
the landscape consisted out of a widespread
peatland, which was called “de Nieuwe Venen”.
This peatland remained that way until 1932. The
map of 1932 shows the first presence of peat pits.
The peat pits in the northern part of de Nieuwe
Venen disappear 3 years later in 1935. These peat
pits in the northern part of de Nieuwe Venen appear
again in 1955, whereas the peat pits in the southern
part disappear around this time. In 1975 the first
trees appear on the northern part of de Nieuwe
Venen, where the peat pits were. In 1987 this area
is completely covered by these trees. In 2005 a part
of the trees appears to be removed. In 2011
another part of the trees has been removed. The
map of 2020 shows no alternations happening after
2011. At present the area is mostly used as
farmland, either as a pasture or as field. The
Nieuweveen pingo remnant is also located in a
pasture. The area surrounding the pingo remnant is
scarcely populated, only a few farms are present.
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Figure 7, cross section of the Nieuweveen pingo
remnant (Bijlsma, 1983)
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3. Methods

3.1 Coring Nieuweveen NWV-20

The coring of NWV-20 has been performed on the 14" and 15" of October 2020, at the
centre of the Nieuweveen depression as described in Hoek et al., (not yet published). The
coring is performed by Arjan van Eijk, Stan Schouten, Timme Donders and Wim Hoek. As
has been discussed in chapter 1.4 and chapter 2, Bijlsma already took a core at this location.
Based on his data the location of the NWV-20 core has been decided. This core was taken
several meters away from his core, at the centre of the depression, which is also the location
where it is expected that the depression is the deepest. This location seems to contain an
infill of 18 meters.

To prevent contamination with material from the borehole a Livingstone piston-corer was
used. This method prevents contact between the core and the younger material in the
borehole while retrieving the core from the hole. This method is very useful while coring
below groundwater levels, but less for materials above groundwater level. Therefore, before
using the Livingstone piston-corer, a borehole must be made below groundwater level with a
gouge auger. However, it is almost certain that by doing this, younger material ends up at the
bottom of the borehole. After groundwater level is reached, the Livingstone piston-corer is
used. The corer is let down a few centimetres above the last coring, which was 80cm for the
NWV-20 core. The core is pushed down into the hole until exactly a depth of 180cm. At this
point the core contains about 100cm of material, with on top a few centimetres of
contamination. The corer is hoisted from the borehole and the core is pushed out of the
corer. This core is wrapped in a 110cm PVC pipe with plastic foil to prevent drying. Once
again the corer is placed above the borehole and let down a few centimetres above the
bottom of the hole. The corer is pushed into the soil until exactly 280cm. Once again the core
contains about 100cm of material, with on top a few centimetres of contamination. The corer
is hoisted from the borehole and the core is pushed out of the corer. A total of 18 cores have
been taken for a total of 1780cm of material.

3.2 Pollen preparation

The cores were stored in a freezer and freeze dried before the pollen preparation. Circa 1
cm? of core material is taken from the core in a 10cm interval, with the exception for clear
lithological changes. In case of a clear lithological transition, a sample was taken just below
and above the lithological transition. This resulted in a total of 45 samples divided over 474
cm of core. Each sample was placed in a 15ml tube and filled with distilled water to prevent
oxidation. In case of calcareous sediments, which can be tested on the core by adding a
drop of hydrochloric acid to see if the core reacts, 5% hydrochloric acid can be added to
dissolve the calcareous compounds. To remove the 5% hydrochloric acid, distilled water is
added to the tube. After each step the samples are centrifuged for 1 minute at 2000 rotations
per minute and decanted. This washing is done twice to ensure no 5% acetic acid is left in
the samples. To each sample a total of 4 ml Lycopodium clavatum-spore (circa 8000
Lycopodium spores) solution is added to enable pollen concentration calculations.
Furthermore, 5 ml 5% potassium hydroxide (KOH) solution is added to each sample to
remove any humic substances present. These samples were heated in a stove for 60
minutes at a temperature of 70°C. After the heating, each sample is sieved over a 200um
filter to remove large particles from the suspension. The residue is removed from the sieve
and thrown away. The filtrate is moved into a 15ml tube and after each step 10ml of distilled
water is added to the tubes and the samples were centrifuged for 1 minute at 2000 rotations
per minute and decanted. After decantation these steps are performed once more. This to
ensure that the remaining 5% potassium hydroxide (KOH) solution is removed and the
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sample is well mixed with water.

For the acetolysis step, a 1:9 mixture of sulfuric acid (H.SO4) and acetic anhydride
((CHsCO0O)20), it is important to remove the water from the samples, because the acetolysis
mix can react with water. To ensure all water is removed from the sample, 5ml of glacial
acetic acid is added. After each step the samples are centrifuged for 1 minute at 2000
rotations per minute and decanted. After decantation 5ml of glacial acetic acid is added
again. To break down the organic compounds 4ml of acetolyses mix was added to each
sample and homogenized. The samples were acetolysed for 10 minutes at a temperature of
100°C. Once the samples have reached a temperature of 100°C they are vortexed once.
After 10 minutes the samples are once again centrifuged. After the samples are centrifuged
the acetolyses mix is decanted. To ensure that all of the acetolyses mix is removed from the
samples the tubes are filled with distilled water and centrifuged. This step is performed twice.
4 ml of sodium polytungstate liquid with a density of 2.0p was added to the samples and
vortexed to ensure homogenisation. After the samples were vortexed they were centrifuged
for 15 minutes at 2000 rotations per minute, to separate the pollen from the sediment and
other particles from the samples. After the centrifuge a collar of pollen grains formed, which
was decanted to a new tube and 10 ml of water was added. The same steps are performed
again on the first tube with the residual material. After the centrifuge of the first tube a collar
of pollen grains formed, which was decanted to a new tube and 10 ml of water was added.
The new tubes are centrifuged for 5 minutes at 2000 rotations per minute. The old tubes are
washed out with distilled water twice and the sodium polytungstate liquid is caught for
recycling. After the samples are centrifuged they are decanted. Once again distilled water is
added to the samples and they are centrifuged for 1 minute at 2000 rotations per minute.
After the samples are centrifuged they are decanted. This step is performed 2 to 3 times.
After the final decantation 1.5 ml of ethanol was added to the samples. Then the pollen
samples were vortexed and the remain decanted into an Eppendorf cup. This Eppendorf cup
was centrifuged for 5 minutes at 2000 rotations per minute. The content of the Eppendorf
cups were decanted and replaced by glycerine. Finally, to ensure all ethanol was removed
the cups were heated at 70°C and left overnight so the remaining ethanol evaporated.

A few drops of the pollen sample is placed upon a heated slide. A small line of paraffin is
added on the slide a couple of centimetres from the pollen sample. Then the cover glass is
placed upon the pollen sample. The glycerine will flow along the cover glass and dry out,
capturing the pollen sample between the cover glass and the slide.

3.3 Pollen and data analysis

45 slides were counted by using a light microscope. The obtained counts from the pollen,
NPP and Lycopodium were entered into Tilia (version 2.6.1). This program was used to
calculate pollen sum, which consists out of the total of Arboral, non-arboreal, heath and crop
pollen, and make the pollen percentage diagram, concentration diagram (appendix 5) and
influx diagram (appendix 6). These diagrams were then used for the interpretation. Two
different percentage diagrams were made, one based on depth and one based on age. The
age based percentage diagram was based on the age model.

3.4 Age model

Several organic samples, containing carbon, were sent to the Rijksuniversiteit Groningen for
radiocarbon dating, 4 twigs and 1 seed of Trapa natans. The 5 twigs and a seed of Trapa
natans were taken at a depth of 39-40, 111-112, 206-207, 314-315 and 393-394 cm.
Furthermore, two palynological datings were used. The first continuous occurrence of
Corylus and the first continuous occurrence of Alnus, which were taken from the pollen
diagram and compared and supported by the accepted average first occurrence of these
species in the region (Dupont, 1986; R. Bakker, 2003; Engels et al., 2016). The dates
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received from the Rijksuniversiteit Groningen were calibrated using CALIB Radiocarbon
Calibration version 8.2. The 2" sd range of these calibrated dates was calculated and used
as set points within the age model. Since the depth and age of certain points in the core was
known they could be used to calculate the sedimentation rate between these set points by
dividing the difference in depth by the difference in age. With the sedimentation rate known
the age model can be completed. This was done by linear interpolation between two depths.
This resulted in a complete and continuous age model of the core.



21

4. Results

Age model

Depth

11 40 112 207 315 394 485 565

1000
2000
3000
4000
5000
6000
7000
8000
9000
10000
11000

4.1 Lithology

The master cores measures 1780 cm, this
research only used the upper 500 cm of the
core. The bottom of the sediment (Table 1)
consists of fine detritus gyttja (500 — 330 cm)
with a section where the fine detritus gyttja
does not contain lamination ( 330 - 380 cm).
At a depth of 393 cm and 412 cm a Trapa
natans seed was found From 330 to 160 cm
the sediment consists of fine detritus peat.
This detritus peat layer is interrupted twice by
a wood layer at 258 — 262 cm and 220 — 230 cm. Between 180 — 160 cm the detritus peat
layer contains some minor wood remains, with a large chunk at 170 cm. Further upwards,
the sediment consists of fibrous wood peat (160 — 10 cm), interrupted twice by a wood layer
at 135 - 150 cm and 115 — 120 cm. Between 160 - 106 cm the fibrous wood peat contains
some large wood remains.

Age (cal. yrBP)

Figure 8, age model of the Nieuweveen core

4.2 Age depth model and sedimentation rate

The age depth model (Figure 8, Table 2) spans from 9200 to 1650 cal. yr BP (500 — 10 cm).
This age depth model is based on C14 dating of 5 macrofossils found in the core and dating
based of 2 pollen stratigraphic occurrences. 5 twigs were found at a depth of 39 — 40 cm,
111 -112 cm, 206 — 207 cm. 314 - 315 cm and 393 — 394 cm. These twigs are dated at an

Table 2, C14 dating calibrated with CALEBVS.2 age of

, : , , : 2154,
Material Lab-ID 14C Age (yr BP) sigma Calibrated age in cal. Yr BP (interval) 3410, 5132,
Twigs (AAA) GrM-27311 2153 22 2139 (2106 - 2294) 6611 and
Twigs (AAA) GrM-27312 3185 22 3409 (3380 - 3445) 7241 cal. yr
Twigs (AAA) GrM-27363 4470 24 5178 (5042 - 5276) BP.
Twigs (AAA) GrM-27313 5811 27 6619 (6564 - 6663)
Seed (AAA) GrM-27211 6324 35 7241 (7168 - 7278)

Table 1, lithology of the Nieuweveen core

10 20 peat oxidized peat

20 47 peat fiberous, laminated peat

a7 68 peat compacted, fiberous

68 70 peat very fine (very little) fibers

70 77 peat fine, fiberous peat

77 78 peat very fiborous layer

78 98 peat generally more fiborous, dark brown

85 106 peat fiberous peat

106 160 peat fiberous peat with large wood remains; large trunk between 115-120; large trunk between 139-150
160 180 peat fine detritous peat with some minor wood remains; large chunk at 170
180 220 peat fine detritous peat; countinous as above

220 230 log log (greyish); salix? Wim is pretty sure

230 258 gyttja coarse detritous gyttja; weak horizontal lamination
258 262 log log (red); alnus?

262 277 peat fine detritous peat

277 280 - no sample

280 312 peat fine detritous peat

312 330 peat fiberous, coarse detritous peat

330 380 gyttja fine detritous gyttja; no lamination

350 - roots roots

380 480 gyttja fine detritus gyttja (all aquatic)

393 - seed trapa natans seed

412 - seed trapa natans seed

480 520 gyttja fine detritus gyttja




22

Furthermore, two points were dated using the well-known first occurrence of certain species
in the research area. The depth of 485 cm is dated at 9ka, based on the first occurrence of
Alnus. The depth of 565 is dated at an age of 10.5ka, based on the first occurrence of
Corylus (Dupont, 1986; R. Bakker, 2003; Engels et al., 2016). The average sample resolution
is 145+56 years (meanzstandard deviation).

The sedimentation rate is calculated using the ages of the previously mentioned depths.
These sedimentation rates can be found in Table 3, sedimentation rate of the Nieuweveen core

Table 3. Between 495 — 394 cm the

sedimentation rate is 0.05 cm/yr. Between |[Top{cm) |Bottom (cm) |Sedimentation rate (crn/yr)

394 — 315 cm the sedimentation rate is 40 112 0,057324841
0.13 cm/yr. Between 315 — 207 cm the 112 207 0,055168409
sedimentation rate is 0,072998 cm/yr. 207 315 0,072997634
Between 207 — 112 cm the sedimentation 315 394 0,125496426
rate is 0,055168409 cm/yr. Finally, 394 485 0,051719238

between 112 — 11 cm the sedimentation
rate is 0,057324841 cml/yr.

4.3 Pollen analysis

The pollen record (Appendix 3 & Appendix 4) consist of six pollen assemblage zones, based
on changes in pollen composition and the first (continuous) occurrence of species. Figure 9
shows the most important pollen in the pollen diagram.

Zone-1 ( 9188 — 8807 cal. yr BP) - Arboreal pollen remain stable around 95%, suggesting
closed forest conditions during this part of the Early Holocene. Pinus, Corylus and Betula
pollen are dominant reaching 40, 30 and 18% respectively. Trees like Quercus, Ulmus, Salix
and Tilia also occur, but in low abundance (<5%). Non-arboreal pollen stay around 4%
during this zone and is dominated by Poaceae. At the end of this zone Hedera appears,
indicating warmer temperatures. Heath makes up the remaining 1% of the pollen sum,
consisting solely out of Calluna. Several aquatic pollen were found in the samples such as
Nympheae, Equisetum, Sparganium and Typha latifolia, suggesting the occurrence of open,
relatively deep, water in the area.

Zone 2 ( 8807 — 6540 cal. yr BP) — Arboreal pollen remain stable around 95%, suggesting
closed forest conditions. In the beginning of this zone Alnus pollen rapidly increases from 1%
to around 40%, whereas Corylus pollen decreases from 30% to around 13% at the end of the
zone. Betula pollen rapidly decreases from 18% at the beginning of the zone to around 10%
at the middle of the zone, after which it rapidly increases again to 18% at the end of the
zone. Pinus pollen rapidly decreases from 40% to around 5-10% and remains stable till the
end of the zone. Where Tilia, UImus and Salix remain stable compared to the previous zone
(<5%), Quercus shows a significant increase from 4% at the beginning of the zone to 10% at
the end of the zone. Furthermore, several species start to occur at the beginning of this zone
such as Fraxinus and Rhamnus frangula (<5%). Non-arboreal pollen decreases to 3%. This
group is still dominated by Poaceae, but several non-arboreal species appear at the
beginning of this zone like Apiaceae, Artemisia, Asteraceae, Gallium and Cannabis type.
Heath takes up 2% of the pollen sum, consisting out of Calluna and Ericaceae. Species like
Sparganium and Equisetum are high at the beginning of the zone, but start to decrease and
disappear towards the end of the zone, whereas species like Typha latifolia and Cyperaceae
become more abundant towards the end of the zone. This all points towards an expansion of
shore vegetation, which could be due to a lowering of the lake level. At the highpoint of these
two species a peak in Dryopteris and Thelypteris spores can be observed.

Zone 3 ( 6540 — 3010 cal. yr BP) — At the beginning of this zone the Arboreal pollen
decreases rapidly from 95% to 65%, due to a high peak in Heath pollen (34%). After this high
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peak in Heath pollen, the Arboreal pollen recovers back to 70-90%, whereas heath
decreases to 10-20%. Alnus remains stable and dominant around 35%, whereas Betula,
Corylus and especially Quercus show a decrease. Between 4280 — 3010 cal. yr BP arboreal
pollen rapidly increase from 80% to 95%, whereas heath decreases from 15% to <5%. The
increase of arboreal pollen is the result of a rapid increase in Betula pollen, which increases
from around 12% to 25-30%. Non-arboreal pollen remain stable around 5% throughout the
zone, Poaceae is still the dominant species. Around 5500 cal. yr BP the first human
indicators, Chenopodiaceae and Brassicaceae, are continuously present in the diagram. Two
other human indicators, Plantago lanceolata. and Rumex, are continuously present in the
diagram from 4400 cal. yr BP onward. During the period of high Betula pollen and low heath
pollen, Drosera intermedia, Dryas octopelata and Jasmone montana appear and they
disappear at the same time as before the end of the zone. During this period Juniperus also
occurs. At the start of zone 3 there is a high peak in Sphagnum spores and a small peak in
Pteridium spores. Around 5300 cal. yr BP there is once again a high peak in Sphagnum
spores and a small peak in Pteridium, Thelypteris and Osmunda spores. Around 3350 cal. yr
BP Fagus occurs for the first time in the pollen record.

Zone 4 ( 3010 — 2410 cal. yr Bp) — Arboreal pollen drop significantly at the beginning of the
zone and varies between 60-80%, Alnus is still the most dominant species and remains
stable at 35%. Betula pollen dropped to <10% and Pinus pollen decreased <5%. Quercus
pollen increased to around 10%, with a peak of 17%. At the beginning of the zone Fagus
starts to occur in low abundance. Non-arboreal pollen remain stable around 3% throughout
the zone, Poaceae is still the dominant species. At the end of Zone 3 heath was <5%, but at
the beginning of this zone it has increased significant to around 20%. Within the heath group,
Calluna is the dominant species with values of around 15%. During the peak in Quercus
pollen, there is a small peak in Sphagnum spores and Polypodium vulgaris spores.
Furthermore, Cyperaceae is present in low abundance.

Zone 5 ( 2410 — 2050 cal. yr BP) — Arboreal pollen have decreased significantly during this
zone to a value of around 50%. Alnus is still the dominant species, but it decreased rapidly to
25% at the beginning of the zone. Betula pollen have decreased to 5% at the beginning of
the zone and remained stable. Corylus pollen remain stable at 10% throughout the zone.
Fagus has increased and remained stable at 4%. Quercus has remained stable around 10%.
Pinus shows a significant decrease during this zone and only takes up 2% of the pollen sum.
Non-arboreal pollen have increased to 5% of the pollen sum, Poaceae is still the dominant
species. Heath pollen have increased to around 45% of the total pollen sum. Within the
heath group, Calluna is the dominant species with values of around 40%. At the end of this
zone a Sphagnum spore peak can be seen in the diagram.

Zone 6 (2050 — 1650 cal. yr BP) — Arboreal pollen remain stable at 50% throughout this
zone. However, at the end of this zone arboreal pollen decrease rapidly to a value of 26%.
Alnus remains the dominant tree species at 20%, but it decreases rapidly at the end of the
zone to a value of 4%. Betula pollen remain stable throughout this zone at 5% and shows no
decrease at the end of the zone. Corylus pollen decrease significantly at the beginning of the
zone, from 10% to 6%, and remain stable throughout the zone, showing no decrease at the
end. Fagus pollen remain stable throughout the zone at a value of 3% and show a rapid
decline at the end of the zone to a value <1%. Quercus has remained stable around 10%,
but shows a decrease at the end of the zone to a value of 4%. Around 1980 cal. yr BP
Carpinus pollen occur for the first time and remain present throughout the zone. However,
the Carpinus pollen never exceed 1% of the pollen sum. Non-arboreal pollen have increased
to a value of 7% at the start of the zone, but at the end of the zone it increases rapidly to a
value of 67%. This increase is a result of an increase in Poaceae pollen, which take up 66%
of the total pollen sum at the end of the zone. At the beginning of the zone heath takes up
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47% of the total pollen sum and slowly declines to a value of 39%. At the end of the zone
heath decreases rapidly to a value of 3.3%. In the beginning of the zone Calluna pollen take
up 40%, declining to 33% and ending at 2.7%. In the beginning of the zone Ericaceae pollen
take up 7%, declining to 6% and ending at 0.5%. This zone also contains the first occurrence
of several species of crops. At the beginning of the zone Hordeum appears, followed by
Avena/Triticum-type, Fagopyrum and Secale. At the end of the zone Cyperaceae and Typha
latifolia pollen occur. The rapid decrease of several tree species at the end of this zone and
the increase of Poaceae, combined with the sudden occurrence of species like Sparganium
and Typha latifolia might suggest the occurrence of a hiatus at the end of the zone. This is
supported by the occurrence of Fagopyrum, which is a species commonly found in the last
500 years. Therefore it is highly likely that the hiatus is present somewhere between a depth
of 30cm and 21cm, which corresponds to an age of 1979 cal. yr BP and 1822 cal. yr BP.
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5. Discussion (Human impact)

Humans have always changed the nature around them throughout history. However, since
the beginning of agriculture their impact on the nature around them increased severely.
Deforestation to make space for small houses and later on larger settlements and villages or
to make space for crop fields and pasture to have their animals graze on. The last few
centuries humans even influenced the climate on earth. All these changes in nature are
caught and can be seen in records, such as a pollen record. Every change in the
environment gives a different signal in the record, some are difficult to see in the record,
others have clear indicators. Nature around the Nieuweveen site is no exception. However,
to understand how the vegetation around this site changes as a result of human impact it is
important to know which changes in vegetation are a regional effect and which are local
effects, since human impact on the vegetation may vary per site.

5.1 Comparison with other sites

The most famous pingo remnants in the Netherlands are those of Uddelermeer,
Mekelermeer and Hijkermeer. Within these lakes peat never formed and as a result there
never took any form of dredging place. These lakes form an exceptional geological archive,
since the sediments are still intact, which goes all the way back from the present to the last
ice age. These
archives contain
over 10.000
years with
information on
climate, water
level, vegetation
and human
activity and can
therefore be
used to form
reconstructions
(de Gans, 2008).
Since these
lakes provide a
complete record
throughout the
Holocene and
captured the
vegetational
changes in this
site since the last
ice age they can
be used to
determine the
regional changes
in the
Netherlands
during this time
period by

. Figure 10, location of the different sites shown on a soil map. 1. Uddelermeer, 2. Mekelermeer, 3.
comparing them. Hijkermeer & 4. Nieuweveen
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The same trends within the pollen diagrams from these lakes correspond to the regional
changes in vegetation, whereas the differences between these sites most likely represent the
local changes around these sites. This can be used to determine which changes in the pollen
signal in the Nieuweveen site are regional changes and which changes represent local
changes. Figure 10 shows the location of the different sites.

5.1.1 Uddelermeer

The Uddelermeer site is situated in the central part of the Netherlands (N 52°14'48"; E
5°45'40"). It is at a relatively low elevation and postioned between two push moraines which
dating back to the Saalian time period (Engels et al., 2016). Because the Uddelermeer area
is enclosed between these push moraines, it is a focal point for groundwater flow. As a result
of this, this lake is very sensitive to changes in precipitation. Both the push moraines and the
non-glacial sediments consists for the most part out of coarse grained gravelly sands (Engels
et al., 2016). This hydrological and geological setting provided the right conditions for the
formation of two pingo’s during a period of permafrost in the Last Glacial Maximum. The
large ice lenses underneath the pingo’s and the surrounding permafrost melted after the
LGM. As a result two basins were left behind which gradually altered into lakes of which
Uddelermeer is the largest with a length of 300m and a water depth of 1.3 meter (Engels et
al., 2016). The surface surrounding Uddelermeer is covered by Weichselian cover sands and
a lot of intensive agriculture takes place in the area. West of the lake many Alnus trees can
be found and a small wetland is situated to the north, northeast and southeast of the lake
(Engels et al., 2016). The dating of the Uddelermeer site is relatively good. Especially the
upper part of the core (4500 cal. yr BP — present) is reliable, due to a high amount of data
points. However, the lower half of the sediment sequence (4500 cal. yr BP and 14.500 cal. yr
BP) has to be treated cautiously. This part of the core is based on 5 data points, because
there was very little organic material suitable for radiocarbon dating (Engels et al., 2016).

The Uddelermeer pollen diagram from Engels et al (2016) can be seen in figure 11.
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5.1.2 Mekelermeer

The Mekelermeer site is located in the north eastern part of the Netherlands in the province
of Drenthe, 20km west of the city of Emmen (N 52°77'08"; E 6°62'69"). The Mekelermeer
pingo was deep and infill with sediments very slow, as a result peat never formed (de Gans,
2008). This makes this site rare, since almost all pingo remnants in the Netherlands contain
a layer of peat on top of the gyttja layer. Besides the absence of a peat layer there is another
factor which makes this site remarkable. The Mekelermeer site is surrounded by cover
sands, but the infill itself does not contain cover sands even though the cover sands are
about the same age as the melting of the pingo and the first infill. This is most likely caused
by the height of the pingo itself. Apparently the hill was too high for covers and infill or the
vegetation was too dense (de Gans, 2008). Compared to the radiocarbon dating of the
Uddelermeer site, the Mekelermeer site is less reliable. The lower part of the core (9000 cal.
yr BP —14.000 cal. yr BP) contains 5 data points and is relatively reliable, although it does
appear to have a hiatus marked by a sudden increase of age per cm. The upper part of the
core (9000 cal. yr BP — Present) seems less reliable. It does not contain any radiocarbon
datapoints and uses linear interpolation to create a chronology.

Figure 12 shows the Mekelermeer pollen diagram modified to show the same time period as
the Nieuweveen site.
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5.1.3 Hijkermeer

The Hijkermeer site is a pingo remnant and is situated in the north eastern part of the
Netherlands in the province of Drenthe, close to the city of Assen (N 52°563'23”; E 6°29'31").
Hijkermeer is a small and shallow lake, measuring 200m in diameter and having a maximum
depth of 1.6m. There are no river inlet and outlets present, which results in a minimized
catchment area (Heiri et al., 2007). The Hijkermeer site has a relatively reliable age control
and makes use of plenty of radiocarbon datapoints to reliably compare the Nieuweveen site
with the Hijkermeer site.

The Hijkermeer pollen diagram from Donders et al (not yet published) is modified to show the
same time period as the Nieuweveen pollen diagram and can be seen in figure 13.
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5.1.4 Local vs Regional changes

The pollen diagrams of Uddelermeer, Mekelermeer and Hijkermeer show the same trends in
the lower half of the Holocene. The same trends can be seen in the Nieuweveen pollen
diagram. Each diagram shows a rapid decline in Pinus pollen between 9500 cal yr BP and
7000 cal yr BP. At the same time a decline in Corylus pollen occurs. The same trend is
observed in Ulmus pollen in all the diagrams. Between 9500 cal yr BP and 7000 cal yr BP a
gradual increase in Quercus pollen can be observed in the diagrams. All sites show a
sudden occurrence of Alnus around 9000 cal yr BP, which is followed by a rapid increase of
Alnus pollen to a value of 40%. Both the Uddelermeer site and the Mekelermeer site contain
very little NAP between 10.000 cal yr BP and 7000 cal yr BP after which the NAP slowly
increases with a clear increase from 6000 cal. yr BP onward, this differs from the NAP found
at the Nieuweveen site, which shows an increase from 6000 cal. yr BP. Which Non arboreal
pollen types are dominant varies between sites, but in each site Poaceae is the most
dominant arboreal pollen type. Based on these comparisons and the data from these sites it
can be stated that the vegetational changes of these sites in the first of half of the Holocene
(9500 cal yr BP — 7000 cal yr BP) is dominated by regional vegetational changes. The
changes in vegetation are consistent between the different sites. Figure 14 shows a




comparison between the 4 sites with selected pollen, which are most relevant for the
comparison.

After 7000 cal yr BP the sites begin the show different changes. All sites show an increase in
Plantago lanceolata around 5000 cal yr BP, with an exception to the Hijkermeer site which
shows this increase around 6500 cal. yr BP, but the percentage and consistency of Plantago
varies wildly throughout the sites. However, from this data it is clear that humans started to
disturb the vegetation in the Netherlands around this time period. Although the start of
human disturbance on vegetation is occurring all over the Netherlands around the same time
period, the amount of disturbance and how it effects the natural vegetation is site dependent.
The Uddelermeer and Hijkermeer pollen diagrams show Cerealia-type as soon as humans
begin to disturb the vegetation, as indicated by the Plantago lanceolata signal, around 5000
cal yr BP and 6500 cal. yr BP respectively. This suggests that at the start of human
disturbance in the Netherlands and the early stages of agriculture crop cultivation took place
around Uddelermeer and Hijkermeer. Around 2000 cal yr BP Secale starts to occur,
indicating that the cultivation of this crop began in the area. During the middle ages the
cultivation of crops intensified and humans begin to cultivate Cannabis-type or
Cannabis/humulus.

Where Uddelermeer and Hijkermeer show clear human disturbance, the Mekelermeer pollen
diagram does not. Plantago lanceolata first occurs around 5000 cal yr BP, which is
consistent with the other sites, but it occurs in lower amounts and is less continuous.
Cerealia-type occurs for the first time around 4000 cal yr BP, but only becomes continuous
around 3000 cal yr BP. This suggest that although humans start to disturb the vegetation
around 5000 cal yr BP, the first 1000 years most likely consist out of cattle grazing before the
humans slowly start to cultivate crops around 4000 cal yr BP before the cultivation becomes
more intensive around 3000 cal yr BP.

Based on this data it is clear that human disturbance on the vegetation in Uddelermeer and
Mekelermeer began around 5000 cal yr BP, but the way it changed the vegetation is very
local. However, Hijkermeer shows signs of human impact from 6500 cal. yr onward, which is
very early based on what is known about the introduction of agriculture and human influence
in the Netherland. The human impact trends from the Uddelermeer and Mekelermeer sites
are also seen in the Nieuweveen pollen diagram. Human disturbance starts around 5500 cal
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yr BP as indicated by the first occurrence of Plantago lanceolata and the high and continuous
presence of Chenopodiaceae, but Plantago lanceolata does not become continuous until
4500 cal yr BP. Unlike the Uddelermeer, Mekelermeer and Hijkermeer sites, the Nieuweveen
site does not show a Cerealia-type signal together with the Plantago lanceolata, this
indicates that this site was not used for the cultivation of crops but most likely for grazing by
cattle. Cultivation of crops began around 2000 cal yr BP. The first occurrences of Fagus and
Carpinus show similar trends between the sites, but the timing of the first occurrence of these
species does vary. This suggest that the occurrence of these species is a regional vegetation
change, but is influenced by human disturbance. It is known that these species are often
linked to human impact (Pott, 1997). These species grow well on open spaces created by
humans as a result of deforestation. However, the movement of these species from the south
towards the Netherlands happened simultaneously (Rey et al., 2019). As a result the
appearance of these species in the Netherlands happens around the same time and
therefore can be considered a regional change. However, even though these species appear
in the Netherlands region wide and around the same time period, they require open spaces
to grow and thrive. The creation of these spaces is often driven by local factors, such as
human influences like deforestation. As a result the appearance of Carpinus and Fagus are
regional changes, which are driven by local changes. All the sites show an increase in
Ericaceae around 3000 cal yr BP. This indicates that something changed in the climate or
environment which allowed for this vegetation type to suddenly and rapidly increase. This is
most likely caused by an increase in human impact during this time period and the resulting
opening of the land, since around this time period human indicator species increase and the
influx diagram (Appendix 6) shows a decrease in influx of tree pollen. One thing that is worth
noticing in the Nieuweveen pollen diagram is the sudden and rapid increase in Betula pollen,
between 4300 cal yr BP and 3200 cal yr BP, which coincides with a sudden drop in Calluna
and Ericales pollen. This shift in vegetation is not observed in any of the other sites, which
clearly indicates that this is a very local change in vegetation.

5.2 Development of agriculture

Early humans were hunter-gatherers, relying on nature to provide vegetation, nuts, fruits and
animals for their survival (Gupta, 2004). These early humans did not establish permanent
settlements like villages. Instead they adopted a nomadic lifestyle, moving their camps in
response to changes in seasons and climate (Gupta, 2004). The first signs of animal
domestication are found in the Palegawra cave, a site in the northeastern part of Iraq, and
are dated around 14.000 BP (Gupta, 2004). Fossil bones suggest that during that time period
humans might have used dogs for the hunting of wild animals (Morey & Wiant, 1992). The
first cattle to be domesticated were sheep and goats. The first signs of this are found in
southern and southwestern Asia (Allchin & Allchin, 1997). Remains of these animals found at
sites linked to human occupation that are older than 10.000 BP show no sign of
domestication, this suggests that around that time humans were still killing these animals
(Allchin & Alichin, 1997). However, human sites, which are dated younger than 10.000 BP
show greater abundance of skeletons of sheep and goats, including skeletons of younger
sheep and goats. This suggests that these animals were kept by these early humans
(MacDonald, 2003). At sites older than 9000 BP skeletons of sheep and goats are found
even though these sites are located outside of the natural habitat of these species,
suggesting full domestication of these animals and spreading of this practice throughout the
world (MacDonald, 2003). Gupta (2004) suggests that humans transformed from hunting, to
selective hunting and finally to herding as a result of the interaction with these herding
animals. Over the past 10.000 years a diverse range of animals have undergone
domestication. This benefited the growth and development of human populations greatly.
The domestication of pigs and cattle in southwestern Asia between 9000 and 7000 cal. years
BP resulted in greater availability of food. Hunting was less necessary since meat was more
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available. Furthermore, milk provided a fatty, nutrient rich drink throughout the year. A single
cow could provide a large part of a village, making it a very useful animal to have around
(Helmer & Vigne, 2007). Between 5000 and 3500 cal. year BP the horse and camel were
domesticated in Central Asia, allowing humans to use these animals for heavy labour and
quick travel (Gupta, 2004; Warmuth et al., 2012). The people of these cultures continued to
rely primarily on hunting and gathering as their main food source, while using milk and meat
as supplements. They did not yet establish permanent villages, instead they moved along
with their herds during seasonal migration, following the availability of resources and
adapting to changing environmental conditions (Gupta, 2004).

The domestication of plants started around the same time as the domestication of animals
(Gupta, 2004). This domestication began in the tropical and subtropical regions of Asia,
where there was enough precipitation to allow the growth of many plants in a small area
without needing any additional watering. The earliest evidence for domestication of plants is
found in southwestern Asia, on the Indian subcontinent. Several food plants like barley,
wheat, lentils, rye, chickpeas and peas were all domesticated here between 11.000 — 9000
BP, although it quickly spread all over the world as a result of interaction between different
cultures (Bogucki, 1996; Gupta, 2004).

The domestication of plants and animals was incredibly important for agriculture. Without
agriculture the complex and technically innovative societies as we known them today could
not have existed and humans would not have the capacity to maintain such a large
population of humans. Furthermore, the development of agriculture allowed people to
become sedentary and establish permanent living space, like towns and villages (Gupta,
2004).

5.3 Development of Agriculture in Europe

The movement of agriculture into Europe varies throughout the continent. The transition from
hunting and gathering to agriculture took place many times all over Europe in completely
different ways. In general the movement of agriculture into Europe and the following
establishment of sedentary communities can be explained by two processes (Bogucki,
1996). In some cases farmers settled into a new area and brought along their domesticated
plants and animals. In other cases hunters and gatherers gradually adopted agricultural
knowledge and technology, eventually transitioning from their nomadic lifestyle to a fully
sedentary one. In most cases the crops and animals were slowly integrated into the hunter
and gather lifestyle patterns (Bogucki, 1996). The difference in time and way agriculture
moved into different parts of Europe is a result of the difference among the regions of
temperate Europe. Terrain, natural vegetation, drainage and soils all had an impact on the
geographic patterns of the early farming
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The first signs of farming in Europe can be traced back to Greece, after farmers crossed the
Aegean sea with their crops and livestock between 9000 — 8000 year BP (Bogucki, 1996;
Van Andel & Runnels, 1995). Early Neolithic sites in Greece show many similarities with
early Neolithic Anatolian settlements. This suggests that agriculture spread from here into
Europe (Bogucki, 1996; Van Andel & Runnels, 1995). After the arrival of the first farmers in
Europe, signs of Neolithic settlements rapidly emerged on the alluvial plains of Thessaly and
Macedonia. This indicates that these settlements were likely established by colonist, and the
existing hunters and gatherers in the region had limited or no involvement in their
establishment (Van Andel & Runnels, 1995). There are no alluvial planes present in southern
Greece and therefore there are no signs of colonisation, instead the indigenous hunters and
gatherers slowly adopted elements of the farming cultures (Bogucki, 1996). After agriculture
got a foothold in Greece it spread into two different directions: westwards along the
Mediterranean coast and islands and northwest following the major rivers into temperate
Europe. Since the agricultural development around the Mediterranean had little to no impact
on the agricultural development of the Netherlands, this chapter focusses on the northwest
direction.

Around 8000 year BP farmers established settlements in the southern part of the Balkan.
The early agricultural settlements in this part of the Balkan had to adapt to the more
temperate climate (Bogucki, 1996). Sites show that pigs and cattle become more important
than sheep and goats, while the farmers changed the grow season of crops like wheat and
barley to summer rather than winter (Bogucki, 1996). These Balkan farmers were important
for the transition of these new Neolithic settlements and way of agriculture into central and
northern Europe (Bogucki, 1996; Van Andel & Runnels, 1995).

The early farmers encountered diverse soils and terrains in central Europe compared to
south-eastern Europe. The domesticated plants adapted well to this new environment,
thriving due to increased precipitation and more distinct seasonal differences (Bogucki,
1996). The terrain was covered with forests with species like oak (Quercus), linden (Tilia)
and elm (Ulmus). These forest grew on a basin of fertile loess and many streams carved
through the land. This made the terrain very attractive to early farming communities, who
colonized these loess basins (Bogucki, 1996). These areas contained only a few settlements
of indigenous foragers. The few foraging communities that lived on the loess basin were
quickly absorbed within the farming communities or displaced into the surrounding areas.
Foraging communities inhabited the regions north of the loess band, encompassing the
North European plain and south of the loess band, the alpine foreland. The loess belt,
stretching from eastern Germany to central France alongside the Alps, was where the
farmers established their communities. The areas in which the foragers moved around
become increasingly smaller after farming communities entered the loess band (Bogucki,
1996; Howell, 1987). The domesticated plants and animals slowly became a part of these
foragers lifestyle about a millennium (6500 year BP) after the first farmers settled in the
northern edge of the loess belt (Lorkiewicz et al., 2015). The knowledge and potential for
agriculture was available during this period, however the foragers did not adopt this lifestyle
until 6000 year BP (Bakels, 2009). Bakels (2009) suggests that this resistance of adopting
agriculture is caused by the success of foraging in this area. Food was widely available.
There were plenty of plants, which could be used as food, and enough animals in the area,
therefore there was no immediate use for domesticated plants and animals. Agriculture came
to these regions as a result of the interaction between the indigenous foragers in the area
and the farming communities in the loess belt. Farmers never colonized the areas north of
the loess belt, since the soil there was way less fertile and therefore it would have been
inefficient to move out of the loess belt. It is suggested that these interactions consisted out
of the exchange of forest products for crops (Bogucki, 1996). Around 5900 year BP there is a
clear shift in one of the foraging communities to a more agriculture based community in the
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North European plain. These Neolithic farmers are called the Funnel Beaker Culture and
they are a group of the indigenous foragers that adapted agriculture, livestock and Neolithic
technology into their lifestyle (Bogucki, 1996). The Funnel Beaker Culture were the last
hunters and the first farmers in this area. The sites of this culture are found all over the North
European plain, from the Netherlands to Poland and into Denmark and Sweden (Bogucki,
1996). What differentiate this culture from their precursors is the shift from a maritime
economy (mainly fishing) to inland farming (Bogucki, 1996).

However, several sites in the Netherlands suggest another type of adaptation. The
Netherlands was unattractive for agriculture and had limited amounts of suitable land for
agriculture (Louwe Kooijmans, 1993b; Bogucki, 1996). Although the Netherlands was
unattractive for agriculture there is plenty of evidence found which does indicate agriculture
took place including crops and domesticated animal remains. Several sites have been found
which appear to have been used as hunting stations. Furthermore, fish traps have been
found in peat lands, which indicate that these areas have been used as short term winter
fishing and fowling stations (Bogucki, 1996). Hunting, fowling and fishing were used to
supplement the animal products and crops. This kind of lifestyle is called semi-agrarian and
was commonly practiced in the Netherlands during this time period (Louwe Kooijmans,
1993a). It is clear that these sites belong to indigenous foragers who slowly changed from
hunting and gathering to an agriculture based economy and adopted elements like crops and
animals from farmers, who lived south of the Netherlands on more suitable land (Bogucki,
1996; Howell, 1987). This form of semi-agrarian lifestyle persisted way longer in the
Netherlands, as a result of the climate and the terrain, compared to the surrounding areas. It
continued for almost a millennium since the introduction of agriculture in the area. Around
5000 year BP the semi-agrarian communities were finally succeeded by a fully agriculture
based economy (Bogucki, 1996; Louwe Kooijmans, 1993a).

5.4 Impact of Agriculture

The Funnel Beaker Culture did not cultivate their crops on permanent fields, instead they
applied a slash-and-burn tactic, which resulted in short lived fields which also would quickly
recover back to their natural state (Bogaard, 2004). Research shows that deciduous trees
would quickly return after the creation of slash-and-burn fields (Bakels, 2014). However,
there is also evidence pointing to a more permanent presence of agricultural fields although
they were probably sparse since dry spaces suitable for arable farming in wetlands were
often very small (Out, 2012). Nevertheless, agriculture, performed in any way, resulted into
the opening up of the landscape. The first man-made or man enlarged forest clearings are
probably hard to detect with pollen analysis (Bakels, 2014). As mentioned before, most
fields were only small and temporary. Furthermore, they would quickly recover after
abandonment of the plot. Size of the settlements and human population in the area play an
important role in the opening-up of the forest. The size and the type of food produced also
play an important role in determining the impact on the forest (Bakels, 2014). Some villages
relied mostly on natural sources and to a limited extent on crop cultivation and animal care,
whereas other sites relied heavily on crop cultivation, resulting on more and bigger plots and
therefore a bigger impact on forest clearance. Furthermore, the effects of grazing by animals
on the vegetation differs from the effect of the creation of fields for agriculture (Bakels, 2014).
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5.5.1 Small scale agriculture

At 3 different depths in the lower part of the studied Nieuweveen core a small peak in
Hordeum can be found. These Hordeum pollen are found at a depth of 240cm, which is
dated at 5584 cal. yr BP, a depth of 315cm, which is dated at 6611 and at a depth of 335cm,
which is dated at 6770. The latter two of these depths are clearly not a result of agriculture.
As stated by Bogucki (1996), agriculture entered the Netherlands around 6000 cal. yr BP.
However, this does not mean small scale agriculture did not happen. But, there are no
agricultural indicators present during the presence of these Hordeum pollen. There are no
Plantago lanceolata, Rumex or Chenopodiaceae present. Therefore the Hordeum pollen,
found at 315cm and 335cm, are not a result of crop cultivation, but more likely the result of a
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natural occurring grass species. It would at least take 500 more years before crop cultivation
would start in the Netherlands. As a result these two sample depths can be disregarded.
However, the Hordeum pollen found at a depth of 240cm is dated at an age of 5584 cal. yr
BP. The Hordeum signal with different pollen types important as human activity indicators
can be found in figure 17. This is well within the established range of first introduction of
agriculture in the Netherlands. Therefore it is very much possible that this Hordeum peak is
indeed a result of small scale agriculture. To determine whether or not this Hordeum peak is
a result of early agriculture the 5 stages of agricultural impact by Li et al (2008) are used.
This suggests that before 5584 cal. yr BP there should be a high percentage of shade
tolerant species, followed by an increase in secondary forest as a result of deforestation.
Shortly after 5584 cal. yr BP there should be an increase in ruderal pollen followed by a
return to the original state of the forest before the start of agriculture in this area.

At a depth of 260cm, which is dated at an age of 5858 cal. yr BP, there is a decrease in tree
pollen such as Fraxinus, Tilia, Uimus and Quercus, while an increase in the secondary forest
species Corylus is observed. Furthermore, a slight increase in fern spores can be observed.
This corresponds to the first 2 stages of agricultural disturbance, as described by Li et al
(2008). However, there is no clear decrease in Alnus pollen and no decrease in Pinus and
Betula pollen.

At 5584 cal. yr BP there is a peak of Hordeum, which coincides with rural pollen types as
Plantago lanceolata, Chenopodiaceae and Galium. Indicating agricultural use. This
corresponds to stage 3 and 4 of the agricultural impact.

After 5584 cal. yr BP there is no more Hordeum signal, indicating that the land was no longer
used for crop cultivation. Furthermore, Artemisia starts to occur and Chenopodiaceae
increases, which indicates that the land around the site is restored or at least no longer used
by humans. Finally, the influx diagram (appendix 6) shows a recovery of the tree species
after 5500 cal. yr BP.

Although it is clear that this site has been used for the cultivation of crops around 5584 cal. yr
BP. The trends in the different signals of pollen types shows a very long time span. There are
several possible explanations for this disagreement.
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on permanent fields, instead °
they applied a slash-and-burn S
tactic, which resulted in short

lived fields which also would f
quickly recover back to their
natural state. It could be that
the duration and area of these
fields are too small to have a 5400
real impact on the

surrounding vegetation, which 8500
results in not enough or not
clear enough changes in the
pollen signals for these 5700
multiple fields to be observed.

Another possible explanation 58001
is an establishing of a \&

”fa

5200

5300

5600 -

Age model

settlement near the 39001
Nieuweveen site around 5900 5000 | | L
cal. yr BP. As previously 20 40 20 20 20 20
mentioned in chapter 5.3 the Figure 17, small Hordeum peak with important human activity indicators (cal. yr
agriculture was introduced in  8p)

Y e




37

the Netherlands around 6000 BP, which would result in more permanent settlements.
Therefore it is possible that changes in vegetation, which appear to indicate a slightly more
open landscape is caused by the establishing of an early settlement. This suggested clearing
of the landscape to create space to establish a settlement is supported by the influx diagram
(Appendix 6). This figure shows a clear decrease in tree pollen around this time period. An
early settlement in this area would also explain why the Hordeum signal is only observed in
one sample and why there is only a small change in the vegetation around the site. Around
this time period, humans were still semi-agrarian. Crop cultivation was not their main source
of food and therefore they had very small fields, which they only cultivated for a short time
period after which they abandoned the plot and moved their crop cultivation somewhere else.
As a result this gives only a small signal in the pollen record, with little impact on the natural
vegetation. Furthermore, in the area of Nieuweveen, as mentioned by Out (2012), dry spaces
suitable for arable farming were sparse and restricted in size. Besides the fact that the
spaces suitable for agriculture were restricted, humans in this time period often had their
agricultural plots located far from their settlements. Therefore it is very well possible that
these humans had agricultural plots before and after the one observed in the pollen record
around 5584 cal. yr BP, but that these were located too far away from the Nieuweveen site to
be caught in the pollen record because there was no suitable land available close enough to
the Nieuweveen site, explaining why there is only one agricultural signal visible in the pollen
record.

Based on the changes in the pollen signals, which corresponds with the 5 stages of
agricultural impact, and the theoretical background of how the early farmers around this time
period cultivated their land, established their settlements and the environment around the site
at this time. The latter explanation seems most likely. However, the most definitive evidence
for crop cultivation around 5584 cal. yr BP would be charcoal. Which would be a result of the
slash-and-burn tactic often used by the Funnel Beaker Culture. Unfortunately, the organic
content in these slides was to dense to be able to identify charcoal remains.

Between 1980 cal. yr BP and 1650 cal. yr BP the pollen record shows the occurrence of
Hordeum, Fagopyrum, Cerealia-type and Secale, suggesting crop cultivation. This period
falls within the occupation of the Roman empire in the southern part of the Netherlands.
Although the area of the Nieuweveen site was not located within the occupied land, the
knowledge and advanced tools they possessed heavily influenced the native people deep
within Netherlands. Therefore it is very much possible that the farmers around the
Nieuweveen site learned how to drain the wetlands and cultivate crops on this newly formed
land (de Haas & Schepers, 2022). However, the sudden and strong increase in Poaceae
during this time period as well as the presence of Typha latifolia, might suggest the presence
of a hiatus. Furthermore, Fagopyrum is a species which is most commonly linked to
agricultural activities from the past 500 years.

5.5.2 Grazing

As previously mentioned in chapter 4.3, Chenopodiaceae is continuously present from 5584
cal. yr BP onward. Around 4500 cal. yr BP Plantago lanceolata and Rumex show an increase
and become consistent in the pollen record. This indicates an more open landscape. Besides
these rural pollen there is an increase in Artemisia 4500 cal. yr BP as well, which is present
until around 3000 cal. yr BP. Furthermore, there is a small peak in Cerastium arvense, which
is a pollen type which is often indicative of pastures (Eriksson & Eriksson, 1997).
Chenopodiaceae, Artemisia and Cerastium arvense are nitrophilous plants. The sudden and
quite significant increase of these species indicate an increase in nitrogen content in the soil
(Poyry et al., 2016). Whereas Plantago lanceolata and Rumex are an indicator of open
areas. These indicators of an open area in combination with the nitrophilous plants suggests
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grazing or mowing lands. Nevertheless, there is still the possibility for an agricultural plot.
There is evidence that around 5000 cal. yr BP the early farmers in Europe had developed the
use of manure to enhance the yield of their cultivated crops (Bogaard et al., 2013). This
could explain the sudden increase in nitrophilous species. However, there have not been
found any type of crop in the pollen record. Furthermore, the establishment of an agricultural
field would have required a significant amount of deforestation. The influx diagram (Appendix
6) shows only a small decrease in the influx of tree pollen types. Therefore it is very unlikely
that these pollen signals are caused by agriculture. On the opposite there is some evidence
pointing towards the possibility of grazing by cattle. During this time period there were no
possible natural sources to increase nitrogen content in the soil. So it is highly likely that this
nitrogen increase is caused by manure. This is supported by the presence of the dung fungi
sporormiella. Unfortunately, due to the high density of the slides only a limited amount of
sporormiella has been observed. As a result it is difficult to make a distinction between cattle,
which would result in high amounts of sporormiella and natural occurring grazers like deer,
which would result in lower quantities of sporormiella. Around this time period the Funnel
Beaker culture had fully adopted livestock in their lifestyle, which they often had grazing on
designated fields often located a distance from the village (Libke, 2007). At first these
farmers often moved their animals from field to field to prevent exhaustion of the vegetation
(Bogucki & Grygiel, 1983). Later on, the keeping of livestock developed and people were
able to keep more animals. This made it more difficult for humans to move their animals from
plot to plot. To be able to keep the animals at one spot the early farmers often used a natural
meadow for their livestock to graze. When the herd grew an natural meadow or open forest
was often not open enough. The animals had to spread more to have enough space to
graze, which made it more difficult for the humans to keep their herd close together.
Therefore, these natural meadows were often cleared to create more space to graze on
(Doppler et al., 2017; Towers et al., 2017). As mentioned before the influx diagram does
show a slight decrease in the influx of pollen diagram. It is known that the tree pollen slowly
declined at the start of the Bronze age (around 4100 cal. yr BP in the Netherlands) as a
result of human impact throughout the Netherlands (van den Bos et al., 2014; Groenewoudt,
Van Haaster, et al., 2007). This increase in human impact was mainly caused by a
substantial rise human population (Clarke et al., 2009). This coincides with the growing of the
herds and the increased influx in the diagram (around 4000 cal. yr BP). The decrease in tree
pollen occurred later than the first signs of grazing. Therefore it is likely that the Plantago
lanceolata and Rumex signals, which in this case indicate a natural meadow, in combination
with the nitrophilous species Chenopodiaceae, Artemisia and Cerastium arvense indicate an
open landscape where the early farmers had their livestock graze. Around 4000 cal. yr BP
the tree pollen influx declines. This is most likely caused by deforestation to clear the area to
be able to keep more animals together on one plot for grazing to sustain the increased
human population in the village.

5.5.3 Deforestation

By the end of the Neolithic period, the landscape around the Nieuweveen site and the
eastern part of the Netherlands was primarily covered by forests. This started to change at
the beginning of the Bronze age (van den Bos et al., 2014; Groenewoudt, Van Haaster, et
al., 2007). An increase in human population and the following increase in human impact on
the environment in the form of agriculture, herding and deforestation resulted in a change of
vegetation (Clarke et al., 2009). At the start of the Bronze age this decline began very slowly,
but later on this decline became more drastic. As these tree pollen start to decline throughout
the Netherlands, species like Poaceae, Rumex, Plantago lanceolata and Calluna and
Ericaceae show a general increase in abundance (Prummel, 1979; Groenewoudt, Van
Haaster, et al., 2007). These changes are the starting signal for the establishment of large
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open fields in the form of meadows for grazing and arable land to cultivate crops in (open
forest areas). Whereas the decrease in tree pollen in the sand ridges in the eastern parts of
the Netherlands caused a presence of heathlands on the nutrient poor sandy soils
(Groenewoudt et al., 2007; van den Bos et al., 2014). This decrease in tree pollen persisted
throughout the Iron age and reached its minimum around 2500 cal. yr BP. Around 1500 cal.
yr BP most deforested areas were covered again by trees, which coincides with the end of
the Roman period.

These patterns of increase and decrease in tree pollen throughout the Eastern part of the
Netherlands can also be observed within the Nieuweveen pollen diagram. Around 4500 cal.
yr BP the presence of Plantago lanceolata and Rumex indicate a more open landscape.
However this effect is not visible in the influx diagram (Appendix 6). Around 3800 cal. yr BP a
slight decrease of influx of tree pollen can be observed from the diagram. This decrease
coincides with the beginning of the Bronze age and the following increase in human
population, which caused deforestation. It's very likely that around this time period the
Calluna and Ericaceae pollen start to increase in abundance on the nutrient poor sandy soils
as well, but these signals are obscured by the high abundance and influx of Betula pollen.
This is further supported by the high amount of Calluna and Ericaceae pollen present after
the period of high Betula abundance. Around 3100 cal. yr BP there is a fast and strong
decline in tree pollen influx, suggesting high deforestation rates. This strong change in influx
signals coincides with an increase of Rumex and Plantago lanceolata abundance, as well as
a rise in the abundance of Poaceae. This suggests that the area did indeed become more
open. Around 2500 cal. yr BP the abundance and influx of tree pollen reached its minimum,
as is observed all over the eastern parts of the Netherlands (Groenewoudt et al., 2007). This
minimum persisted until around 2100 cal. yr BP after which it slowly started to rise again.
Interesting to note is the high abundance of Quercus around 3000 cal. yr BP and the
consistent influx rate, which continued for a longer period compared to the other trees. This
influx stayed consistent until around 2500 cal. yr BP, after which it quickly decreased to the
same levels as the other tree pollen. This suggests that the oak trees might have
purposefully been spared to be used as a source for food, while the other trees were felled
(Deforce et al., 2009; Zhang et al., 2017).

Between 2000 and 1500 cal. yr BP the roman empire reached halfway into the Netherlands.
It is well known that the Roman occupation had a severe influence on the natural vegetation.
Although the Roman empire never reached the area of the Nieuweveen site, their influence
reached deep into the Netherlands and their advanced way of life and knowledge drastically
changed the way the natives lived. Unfortunately it is difficult to differentiate the specific
impact of the Roman occupation on the vegetation from the overall trend of deforestation that
occurred during the Iron Age (Prummel, 1979; Groenewoudt, Van Haaster, et al., 2007).
The low abundance and influx rate of tree pollen does not necessarily suggest a treeless
landscape (van den Bos et al., 2014). It is possible that the land was used to grow trees used
in timber. This would result in plots filled with relatively young trees, which would be too
young to disperse pollen. During this time period Alnus, Pinus and Fraxinus were the main
wood types used in construction (van Dinter et al., 2014). This is supported by the higher
abundance of Pinus, Alnus and Fraxinus around 2500 cal. yr BP as well as a small peak in
the influx diagram. The pollen record shows a decrease in abundance and influx rate for all
the tree species, even though not all of these species were suited to be used in construction.
During this time period wood was also used as fuel. This wood could be used for crafting,
domestic use, cooking and some specific species were used during funerals and cremations
(which type was different for each village) (Prummel, 1979; Groenewoudt, Van Haaster, et
al., 2007). Therefore, it is possible that these tree species might have been used for other
purposes.
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5.6 Occurrence of Cannabis/Humulus

Cannabis and Humulus pollen look very similar and it is hard to distinguish between the two
species underneath a microscope. Therefore, researchers often group the two together as
Cannabis type or C-H pollen. Although the pollen may look similar, they may indicate very
different environments and conditions. The first clear signal of Cannabis pollen in Europe
originate from the Olduvai cold stage, which started around 1.8mya (McPartland et al., 2018).
Humulus has been present in Europe far longer, the first signs of continuous presence of
Humulus date back to the late Miocene, 6.1 — 5.3 mya, when it expanded from Asia to
Europe. Humulus is usually found in warmer environments, whereas Cannabis prefers colder
environments. Although Cannabis can withstand colder temperatures it may seem unlikely
that Cannabis occurred in northern Europe during the Last Glacial Maximum and the
following deglaciation. However, Cannabis is classified as an arctic forb (Binney et al., 2017).
Cannabis is even capable of tolerating climate conditions north of 68°'N (McPartland et al.,
2018). Cannabis even expanded towards northern Europe during the deglaciation. Northern
Europe experienced post glacial isostatic rebound, leading to significant land uplift in certain
areas, with some places rising by 300 meters. This uplift, combined with the formation of
streams from glacial melt, resulted in the creation of alluvial ravines. These ravines cut
through dry tundra and steppe, forming a disturbed landscape that was well suited for the
growth of Cannabis (Berglund, 2004; Binney et al., 2017; McPartland et al., 2018).
According to McPartland et al. (2018) collective data has shown that Europe was colonized
by Cannabis during stadials and was replaced by Humulus during interstadials. During these
interstadial periods, Cannabis retreated to interstadial refugia in eastern and southern
Europe.

Study of McPartland et al. (2018) shows that during the Mid-Holocene Climatic Optimum
(MHCO) (9000 — 5000 BP), Cannabis had retreated to two interstadial refugia in Europe: the
Pontic steppe (Ukraine and Bulgaria) and along the Mediterranean coastline (Greece and
Spain).

For this reason Cannabis had largely disappeared from Europe, during the Neolithic period,
by the time that farmers and the knowledge needed for agriculture had arrived from the
Middle East (McPartland et al., 2018). The domestication and cultivation of Cannabis was
difficult and required a lot of knowledge. Furthermore, as mentioned before, Cannabis was
not naturally wide spread during this time period. Therefore there were only three cultures
which were capable of the cultivation and domestication of Cannabis: the Neolithic Greece
culture, the Cardium Pottery culture (Mediterranean coastline) and the Bug-Dniester culture
(Ukraine) (McPartland et al., 2018). However, no pollen signal indicating the cultivation of
Cannabis is found within archaeological data of the cultures (Conolly et al., 2008). This
means that either the farmers of these cultures, although they had the potential to
domesticate and cultivate Cannabis, never started this process or they tried to domesticate
and cultivate Cannabis, but quickly abandoned the cultivation.

The presence of C-H pollen, which is consistent with Cannabis, indicates that there were two
cultures within the Copper Age that possessed the knowledge and potential to domesticate
and cultivate Cannabis (McPartland et al., 2018). The Copper age is the transitional period
between the Neolithic period and the Bronze age. These cultures are the Greek Chalcolithic
culture and the Cucuteni-Tripolye culture (Ukraine) (McPartland et al., 2018). No evidence
has ever been found for the domestication and cultivation of Cannabis by the Greek
Chalcaolithic culture. However, archaeological studies on sites from the Cucuteni-Tripolye
culture have found significant findings, including the discovery of seeds of Cannabis and,
although weaker but suggestive indications from pottery seed impressions (Long et al., 2016;
McPartland et al., 2018).

During the Bronze age the cultivation become more widespread, not only in Europe but also
in eastern China. During the Bronze age eight cultures had the potential to cultivate
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Cannabis: the Netted Ware culture (Russia), Ezero culture (Bulgaria), Yamnaya culture
(Ukraine), Corded Ware culture (North Europe - Netherlands to Baltic countries), Bell-Beaker
culture (Western Europe), Terramara culture (North Italy), Aegean Bronze age culture
(Agean sea) and the Mycenaean Greece culture (Southern Greece) (McPartland et al.,
2018). Cultures started to actively trade and interact with each other during this time period,
resulting in the sharing of information and cultivated seeds. This made it easier for cultures to
start the cultivation of Cannabis and the fast spreading of this practice throughout Europe
(Vandkilde, 2021).
During the Iron age Cannabis was cultivated on a large scale by many different cultures
throughout all of Europe. In western Europe there are plenty of sites indicating cultivation of
Cannabis like France, Germany, Great Britain, Switzerland and the Netherlands (McPartland
et al., 2018). During the Roman period Cannabis become even more widespread.
Macroscopic and pollen finding of Cannabis cultivation spread into new regions synchronous
to the spreading of the Roman empire (Mercuri et al., 2002).
Both Cannabis and Humulus have been used by humans for a long time as they are both
native to the northern hemisphere. The earliest use of Cannabis fibres predates the Neolithic,
humans soaked the plants in lakes to make the fibres strong and resilient to make ropes out
of them (McPartland & Hegman, 2017). Besides the fibres, humans also used the seeds from
the hemp as food and as a source of oil. However, the use of Cannabis was small spread,
many European Neolithic cultures preferred the use of flax (Linum usitatissimum). The
cultivation of flax was already wide spread around that time and therefore easier and more
efficient over the cultivation of Cannabis (McPartland & Hegman, 2017). During the Bronze
age Cannabis became the most used source for fibre. Cannabis was cultivated by many
different cultures throughout Europe and its fibre is stronger than that of flax (Kymalainen et
al., 2001), therefore many cultures switched to Cannabis as their source
aé?e of fibre for ropes.
& During the Iron age humans also discovered the medicinal properties of

- Cannabis, Romans used it as a medicine against earache. Furthermore,
2000 a few hundred years earlier the Greek used the fibre from hemp to make

é clothes and burned the seeds during funerals to lighten the mood
20001} (Mercuri et al., 2002).

- Humulus was far less used by ancient cultures. Many cultures ate its
40001 b young shoots like asparagus and later on hop was used as a garden
plant during the Roman period, but its use in brewing was only
5000 b discovered in the middle ages. This is also the period in which hop
cultivation become wide spread (Mercuri et al., 2002).

60004

Figure 18 shows a diagram which contains the C-H pollen, in this
diagram indicated as Cannabis type, from the Nieuweveen site. The first
C-H pollen signal appears in the Neolithic period around 7000 cal. yr BP,
followed by a small peak around 6500 cal. yr BP and a small signal
around 6000 cal. yr BP. The next signal of C-H pollen appears in the
s000l Copper age around 5200 cal. yr BP. A more continuous signal of C-H

- pollen appears at the start of the Bronze age around 4100 cal. yr BP,
which lasted till around 3500 cal. yr BP. During the Bronze age another
signal appears around 3000 cal. yr BP and lasted till the start of the Iron
age around 2700 cal. yr BP. Throughout the Iron age there are no
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Figure 18,
Cannabis/Humulus
pollen diagram
(Nieuweveen cal. yr BP)
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signals of C-H pollen found within the diagram. &

By comparing the Nieuweveen site with the Uddelermeer site &
from the study of Engels et al. (2016) it becomes clear that the 0@“?’
occurrence of Cannabis type varies wildly. Figure 19 shows the 4 T
Cannabis type from Uddelermeer. This study made a clear 1

distinction between Cannabis and Humulus and therefore the " ] B E
Cannabis type signal in this diagram consists mostly out of 1000 4 || |E F
Cannabis sativa. Cannabis first appeared in low abundance 1 ”I‘ =
during the middle of the Iron age around 2500 cal. yr BP at the 2000 118 :
Uddelermeer site. Cannabis sees a sudden and significant rise 3000 4 |3 T
around 1000 cal. yr BP, Engels et al. (2016) suggest that this 1 g
sudden appearance in high abundance of Cannabis after the - 14

Iron age in this record is caused by the deposition of pollen ’g 5000 4 | z
grains during the retting of hemp in the lake. Around the same =, 6000 &l e

time period the Hijkermeer site also shows a sudden S 113 2
appearance in high abundance of Cannabis. De Klerk et al. § 7000 - §

(1997) found 2 Cannabis pollen in the area of Leerdam around 8000 NI

2600 cal. yr BP. There are no further records of Cannabis 1Mz
signals in the Netherlands before this time period, which may 9000 { |5 |2
suggest that cannabis never really got a foothold in the 10000 'g ;§
Netherlands. 118

Humulus, however, has been found in many different sites in the 11000 4 E | |
Netherlands. Humulus was almost continuously present in the S

area of Oss between 3000 and 6200 cal. yr BP (Cleveringa et (%)
al., 2000). Near the area of Zijderveld Humulus has been Figure 19, Cannabis/Humulus
present almost continuously present between 9800 and 8000 pollen dl.c;gmm of Uddelermeer
cal. yr BP, after which it became less abundant but still often (modified after Engels et al., 2017)
present until 3500 cal. yr BP (De Jong, 1970). Humulus is also

found at the site of Horssen-Laagveld, where it is continuously present between 1000 and
1500 cal. yr BP and 3000 and 3500 cal. yr BP (Teunissen, 1990). According to the study of
Van Geel (1978) at the area of the Engbertsdijksveen, which is located close to the
Nieuweveen site, C-H pollen first appeared around 3800 cal. yr BP. However, they only
become continuously present in the site around 2750 cal. yr BP. Around 2200 cal. yr BP the
C-H show a sudden and significant rise in abundance, this suggest that this is a result of
cultivation.

When looking at figure 18 of Cannabis type at the Nieuweveen site it seems very unlikely
that the C-H signals during the Neolithic period are that of Cannabis. As mentioned before
Cannabis retreated to refugia in the Pontic steppe (Ukraine and Bulgaria) and along the
Mediterranean coastline (Greece and Spain) (McPartland et al., 2018). This suggests that
the C-H pollen in the Neolithic part of the diagram are Humulus pollen and not Cannabis
pollen. During the Copper age there were only two cultures, which had the potential to
cultivate Cannabis, but neither lived close enough to have an impact on the Cannabis signal
in the Netherlands. Therefore it is most likely that the C-H signal during the Copper age in
the Nieuweveen diagram is a Humulus pollen signal. The Corded Ware culture and Bell-
Beaker culture were the first cultures in the Netherlands with the potential to cultivate
Cannabis during the Bronze age. However, there are almost no sites in the Netherlands
which show a Cannabis signal during this time period. When zoomed out even further, it
becomes apparent that there are almost no sites with Cannabis in all of North-West Europe
(Netherlands, Belgium and Germany). Whereas many different sites in the Netherlands show
the presence of Humulus throughout all of the Holocene. This might suggest that although
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the Corded Ware culture and Bell-Beaker culture had the potential to cultivate Cannabis,
there might have been another limiting factor like environment or climate which made the
cultivation of Cannabis impossible or not feasible. Furthermore, the cultivation of Cannabis
often leads to a sudden and significant increase of pollen, as is seen in the Uddelermeer
diagram. The Nieuweveen site does not show such a sudden and significant signal. The Iron
age does not show any C-H signal in the diagram, whereas this is the period after which the
cultivation of Cannabis became a widespread practice as a result of the conquest for territory
by the Roman empire (Mercuri et al., 2002).

Altogether it seems highly unlikely that any of the C-H pollen signals in the Nieuweveen
diagram consist out of Cannabis pollen. Based on information on the spreading of Cannabis
and Humulus, the potential of cultures to cultivate Cannabis, the abundance of Cannabis
pollen in the diagram and data obtained from other sites throughout the Netherlands and
other parts of North-Western Europe, it seems most likely that the C-H pollen signal in the
Nieuweveen diagram consists completely, or at least for the most part, out of Humulus
pollen.

However, although the presence of Cannabis around the Nieuweveen site seems very
unlikely. These facts do not rule out the possibility for small scale cultivation of Cannabis in
the area. Furthermore, it is known that during the Bronze age settlements traded with both
surrounding and far away located settlements or via traveling merchants (Vandkilde, 2021).
Therefore the possibility remains that the Cannabis type pollen found in the core, after the
beginning of the Bronze age (4100 cal. yr BP) are a result of deposition of pollen grains
during the retting of hemp in the lake. Nevertheless, the cultivation or natural occurrence of
Cannabis seems very unlikely.
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6. Discussion (Natural changes)

Nature is always changing. Changes in precipitation, temperature, sunlight, wind etc can all
cause vegetation to change and adapt. Climate is one of the major drivers for these changes.
Gradual changes in climate and abrupt changes in climate can therefore been seenin a
pollen record.

6.1 Filling of the Lake
As the pingo continued to accumulate ice and its height increased, cracks began to form in
the ice layer covering the pingo. As a result of these cracks, sunlight was able to penetrate
the layer covering the pingo. This sunlight caused the ice layer to melt slowly as well as the
surrounding ground layer. The meltwater from the ice ran down the ping o, transporting
molten pieces of the ground layer downwards. These pieces of ground were deposited at the
foot of the pingo. As a result of elevated wall of ground formed around the foot of the pingo.
As the ice core underneath the hill continued melting, the hill eventually became unstable
and collapsed on itself. This formed a circular depression surrounded by a wall of ground,
which was filled with meltwater. During the early Holocene, the temperatures began to rise
significantly, and plants settled in the lake. Since these plants were submerged under water,
they could not be decomposed after they died. As a result, peat began to form. These layers
of peat slowly filled up the lake, until it was completely filled up. This process also occurred at
the Nieuweveen pingo ruin.
Between 780cm and 330cm the lithology of the core shows the presence of gyttja, which is
the first form of infill of a lake. Around 330cm the lithology shows a change from gyttja to
peat, which is the next step in the hydrosere as discussed in chapter 1.7.
The filling in of the lake can also be seen by the sequence of aquatic species. The
appearance, disappearance and abundance of these species show a clear correlation with
the changing water depth, which is caused by the infill of the lake. Since the first signs of infill
of pingo ruins usually date back to 12.000- 11.000 cal. yr BP (Mahlstedt et al., 2018) it can
be assumed that the lake underwent at least 2000 years of infill before the first sample used
in this research and therefore the 2 .o
lake must have originally been much & -Qé\ > @ %@\ o &
deeper than reconstructed by using &
the aquatic vegetation. Figure 20 O §Q :
shows the a [ [ [ & RS
quatic species present in
and around the lake. At the bottom of
the core Equisetum, Sparganium,
Nympheae, Fillipendula and Typha
latifolia are present. It is known that
Equisetum spores show no

correlation with water depth, 70001 b . ; :
therefore the presence of Equisetum b | F

6000 A

Age model

cannot be used to determine water
level change in the lake (Edwards et
al., 2000). Furthermore, Typha
latifolia, Sparganium and Fillipendula
grow along the shoreline of the lake ly 3
or in the shallowest parts of the lake 90001 v _ v
and therefore they cannot be used to B

determine the average water depth of Figure 20, Aquatic species present in the Nieuweveen core until 6000
the lake (Gurnell et al., 2013). cal. yr BP

8000 -

-



However, Nympheae does have specific needs which can be used to determine the water
depth. Nympheae grows in moderate nitrogen, stagnant waters with a depth of 1.5 — 2.5m
(Edwards et al., 2000; NDFF Verspreidingsatlas | Nympheae alba - Witte waterlelie, 2014).
Therefore can be stated that at the bottom of the core, the water depth in the lake was at
least 2.5 meters deep. Around 7453 cal. yr BP Trapa Natans appears in the pollen diagram.
This species grows in nitrogen rich waters. The water depth can vary between 0.5 — 5m, but
Trapa Natans prefers depths between 1 — 2m and is also most productive at this depth
(NDFF Verspreidingsatlas | Trapa Natans - Waternoot, 2014; USDA, 2016; Schofield &
Bunting, 2005). This is supported by a seed of Trapa Natans found at a depth of 393 and
412, which do not transport far from their point of deposition and is therefore an indicator of
the local water depth. This suggests that the lake level changed from a minimum depth of
2.5m to a water depth of a maximum of 2m. Furthermore, it is interesting to note that
Nympheae grows in nitrogen moderate waters, whereas Trapa Natans grows in nitrogen rich
waters. This suggests that the nitrogen composition in the lake water increased. This
increased nitrogen contents are most likely a result of the shallowing of the lake due to the
infill with peat, which decreased the water column. During the decomposition of organic
material nitrogen content increases and due to a smaller water column the concentration of
nitrogen as a result of the decompaosition is higher than in a larger water column (Tfaily et al.,
2014). Around 6930 cal. yr BP the abundance of Typha latifolia, Fillipendula and Cyperaceae
increases. As mentioned before these species grow on the shoreline of the lake or in the
shallow parts of the lake along the shoreline. This indicates that the shoreline of the lake
moved more inwards, indicating a further shallowing of the lake. This is supported by the
lithology, which shows a change from gyttja to peat. As mentioned

é}o& in chapter 1.7, this switch occurs when the water near the edge of
Qé\?’ the lake is a depth of above 2m, causing the formation of reed peat.
R Around 6474 cal. yr BP the aquatic plants completely disappeared
2000- from the pollen diagram, except for Cyperaceae this might suggest

very shallow water or swamp like conditions (Gignac et al., 2004).
This is also in line with the vegetation succession of a lake infilling.
3000+ The disappearance of Typha latifolia and the occurrence of
Cyperaceae shows the transition of reed peat to sedge peat.
Around 5721 cal. yr BP Cyperaceae also completely disappeared
from the pollen diagram and a huge increase in Calluna and
Ericales can be observed in the pollen record. These species are
5000 - pioneers who colonized the newly available land as a result of the
filling of the lake. This vegetational reaction is often seen within
areas where lakes have been filled in with peat layers (Sarmaja-

4000 -

Age model

6000+ Korjonen et al., 2006). Furthermore, the lithology around this time
period shows the presence of wood remains in the peat. Notably a
70004 piece of Alnus wood at a depth of 258cm. As mentioned in chapter
1.7 Alnus is a species which occurs on the newly formed land and
this would indicate that the lake has become very shallow and
80001 allowed trees to grow at the site.
Figure 21 shows the presence of Pediastrum next to the aquatic
9000 1 vegetation of the Nieuweveen site. Certain species of Pediastrum

can be used to determine the depth of the water column in a lake
20 40 (Whitney & Mayle, 2012). However, for this research no
10000- distinguishment has been made between the different species.
, _ Nevertheless the presence of these Pediastrum species support the
th‘;ree/iile’upvf:’é‘;x’:r:r ;Zi';t presence of a lake (Kaufman et al., 2010). Whitney & Mayle (2012)
is shown in absolute values suggest that the average preferred water depth for Pediastrum
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species is between 2 — 3m. Figure 21 shows the highest Pediastrum abundance at the
expected depth of 2 — 2.5m, as reconstructed based on the presence of Nympheae and
Trapa Natans, supporting this depth reconstruction.

6.2 Lagg-zone

Between 3200 and 4370 cal. yr BP there is a
period of high abundance of Betula even though
there is little to no change in abundance of other
tree species. This period of high abundance is
shows a sudden and very strong increase in
Betula pollen at start of this period. At the end of
this high Betula abundance there is a verry
sudden and strong decrease of Betula.
Simultaneously with the strong and sudden
increase in Betula pollen the pollen record
shows a strong and sudden decrease in Calluna
and Ericales pollen. At the end of the high
Betula period these species show a strong and
sudden increase in abundance as the Betula
pollen decrease. Furthermore, within this period
there is a reoccurrence of several riparian
species like Sparganium, Fillipendula and Typha
latifolia as well as the pioneer species
Juniperus. As well as the occurrence of species Figure 22, a moss leaf, which is expected to be of

as Drosera intermedia. These signals and Sphagnum cuspidatum

specific vegetation composition are an indicator

for the presence of a lagg-zone (Howie & van Meerveld, 2018). Furthermore, preliminary
research of the sphagnum leaves within the expected lagg-zone shows the presence of
Sphagnum cuspidatum, which is a Sphagnum type often present in the transitional margins
of a bog (Bakker & Van Smeerdijk, 1982) (Figure 22).

Howie & Tromp — van Meerveld (2011) describe a lagg-zone as “A transition zone at the
margin of a (usually raised) bog receiving water from both the bog and the surrounding
mineral ground, often characterized by fen or swamp vegetation, transitional water chemistry,
and shallow peat of relatively low hydraulic conductivity; the lagg transition may be sharp or
diffuse (depending on the topography), or may not be present as a distinct feature”. In figure
23, two distinct types of lagg-zones are depicted graphically. The dotted line shows the
transition from the acrotelm, which contains peat with living vegetation, to the catotelm, which
consists of peat with only dead vegetation. This boundary is typically determined by the
lowest water table level. As the ground water level drops towards the rand, which is the edge
of the raised bog, it facilitates increased tree growth at the bog’s margin (Howie & Tromp -
van Meerveld, 2011). Runoff water collects between the bog and upland, which causes
sedges and other fen vegetation to grow at the transition zone. In contrast to an upland lagg
transition, where the runoff is more focused and concentrated, the runoff in a flat lagg
transition spreads out over the surface. This leads to the establishment of larger shrubs and
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trees (Howie & Tromp - van

K ion e . Meerveld, 2011). Furthermore, in a

s WA ) |/ flat lagg transition the bog water

w73/ % tends to spread further compared to
g the upland lagg transition, especially

during the winter season. This

strongly influences the vegetation

composition at the bog margin (Howie

UPLAND LAGG TRANSITION
(SHARP)

UMIT OF
INFLUENCE OF

DR VATER & Tromp - van Meerveld, 2011).

INFLUENCE OF

L When an ombrotrophic peatland

grows in size, it rises above the water
table and it spreads outwards. This
expansion leads to changes in the
distribution of water and vegetation,
with the minerotrophic vegetation
being pushed to the edges. As a
result a distinct border forms where

, o , N the runoff water forms a small stream
Figure 23, a schematic view of 2 du‘fergr?t type of lagg transitions. The (Howie & Tromp — van Meerveld,
upper one shows an upland lagg transition. The lower one shows a flat .
lagg transition (Howie & Tromp - van Meerveld, 2011) 2011)- This small stream may move

outwards with the outwards

movement caused by the growth of the bog (Howie & Tromp - van Meerveld, 2011). In time
this stream deepens and it might experience an increase in flow rate. This causes the stream
to become so deep and mineral rich that it limits the growth of Sphagnum and therefore the
accumulation of peat, which will stop the spread of the bog (Howie & Tromp - van Meerveld,
2011). From the centre of the bog towards the lagg-zone the water table rises. In some
cases it may even reach the surface level near the lagg-zone. (Moore, 1984; Damman, 1986;
Howie & Meerveld, 2011).

The permeability of the catotelmic peat layer is very low, therefore most of the excess water
flows through the acrotelm layer (Damman, 1986). This can result in rapid runoff during
heavy rain. The dome shape of the bog causes the water to pass through the rand and lagg-
zone, as a result it receives most of the water (Damman & Dowhan, 1981). This also means
that the lagg-zone is highly reliant on the bog water. When there is a lack of precipitation the
minor drainage features on the bog surface can dry up. This can cause the marginal stream
to turn still or even dry out (Holden, 2005; Howie et al., 2009). Low runoff, during the
summer, and high runoff, during the winter, can result in fluctuating conditions in wetness
and nutrients, which restrict the growth of vegetation in the lagg-zone. Therefore the
vegetational composition in the lagg-zone consist out of species which are capable of
withstanding rapid changes in the water table and a wide variety and fluctuating nutrient
conditions, like Betula (Howie & Tromp — van Meerveld, 2011).

Since the lagg-zone is only fed by rainwater, it is reliant on the bog water as well as the
adjacent land. Therefore, the lagg-zone is more sensitive to changes in the surrounding land
than the bog itself. As a result there are few lagg-zones left in developed and highly
populated areas (Schouten, 2003; Howie & Tromp — van Meerveld, 2011).

The peat layers present in the lagg-zone is relatively shallow, usually <0.5m, therefore
deeply rooted plants are able to make contact with the underlying soil (Howie & Tromp — van
Meerveld, 2011). Dense trees and shrubs are often found within the lagg-zone, while sedges
make up the understory (Howie & Tromp — van Meerveld, 2011). Surface water also flows
faster in the lagg-zone compared to the centre of the raised bog, therefore the water is more
aerated and allows for different species that are not tolerant for the stagnant bog water
(Howie & Tromp — van Meerveld, 2011). The vegetation around the lagg-zone is strongly

FLAT LAGG TRANSITION
(GRADUAL)
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affected by the fluctuation, level and chemical quality of the runoff from the bog and adjacent
land. Since the runoff from bogs are similar to the rainwater, the driving factor for the lagg
species around the bog is the composition of the surrounding soil (Howie & Tromp — van
Meerveld, 2011). As a result, the species around the lagg zone can vary wildly. Figure 24
shows a schematic view of the species surrounding the Burns bog lagg zone, which is
located in Delta, British Columbia, Canada. This figure shows that the vegetational
composition can vary.

Based on this theoretical background and the data from the pollen record it is possible that
between 3200 and 4370 cal. yr BP a lagg-zone was present surrounding the Nieuweveen
site. Since there are no large elevation differences near the Nieuweveen site, the flat lagg
transition seems the most likely scenario. In this scenario the low summer runoff and the high
winter runoff resulted in a fluctuating water table and a varying nutrient condition, which
restricted the growth of vegetation in the lagg-zone. Due to these conditions many tree
species were unable to settle in this area, whereas Betula thrived in these conditions. This
caused the high Betula peak during this time period. These wet conditions made it especially
hard for Calluna and Ericales to survive, resulting in a decrease in those species. As
mentioned the vegetation around the lagg-zone is highly influenced by the water from the
surrounding land and bog. This causes different lagg-zones to have different species. The
presence of species as Drosera intermedia and Dryas octopetala as well as Sphagnum
cuspidatum are
typical indicators
for lagg-zones in
the Netherlands
Bakker & Van

[] WET GRASS PRAIRIE
|grassas, rushes

reeds, sedges)

|:| MIXED SHRUBS
(willow, crabapple,

Smeerd |J k, hardhack, rose)
1982).

Furthermore, is it — ﬁ“.i’i"i;offm
likely that the S

I MIXED CONIFEROUS
FOREST OM PEAT
(cedar, pine, hemlock,
Spruce, moss)

reoccurrence of
several riparian
species like
Sparganium,
Fillipendula and
Typha latifolia is
caused by the
presence of the
runoff water in o :
the lagg-zone. E e ——
This water is well
aerated and allows
for these species to
grow on the banks of the lagg-zone.

[ ALDER WOODLAND
(alder, willow, ferns)

CRESCENT
BLOUGH

Figure 24, surrounding vegetation of the Burns bog lagg zone, showing that the vegetational
composition surrounding the lagg can vary (modified after Howie & van Meerveld, 2018)

If we assume the scenario that a lagg-zone was present near the Nieuweveen site, only one
guestion remains. Why did a lagg-zone form around 4370 cal. yr BP and why did it suddenly
disappear around 3200 cal. yr BP.

6.3 Mid Holocene climatic changes

During the Holocene there were several short term but relatively rapid climatic shifts (Roland
et al., 2014). During the Late Glacial and early Holocene, climatic events such as the
Younger Dryas and the 8.2kyr event were frequently triggered by strong North Atlantic
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signatures. These events had a hemispheric impact and possibly affected the global climate
(Alley et al., 2003; Daley et al., 2011; Roland et al., 2014). The deglaciation of the Northern
hemispheric icesheets caused meltwater outbursts and icesheet surging, which resulted in
these abrupt climate changes during the Holocene (Hemming, 2004; Teller et al., 2002).
However, these climatic events continued after the mid Holocene, even without the presence
of continental ice sheets. This made the cause of these climatic changes less well defined
and less abrupt and more gradual in influence (Roland et al., 2014). Most evidence for the
presence of the 4.2kyr event was found in North America, Africa and the region of Central
Asia and presented a trend of colder temperatures and lower humidity. Therefore it has been
thought for a long time that the 4.2kyr event was a mid to low latitude aridification event. But
more research on the 4.2kyr climatic changes showed various effect all over the world
(Roland et al., 2014; Walker et al., 2012). Roland et al. (2014) states that the 4.2kyr event
can be characterized by a clear aridification event at the mid latitudes of Africa, Asia and
North America. The west coast of South America shows a drying trend, but the continent is
dominated by wetter conditions as is the North Atlantic. The climatic signal of the 4.2kyr
event in Europe is more complex to define than in the rest of world. Nevertheless, two clear
patterns can be distinguished throughout Europe. The southern part of Europe shows a clear
dry event, whereas the northern part of Europe shows a clear wet event (Roland et al.,
2014). The wet phase during the 4.2kyr event is documented in various peatland records
throughout northern Europe. Besides the shift to wetter conditions, peat records obtained
from southwestern Sweden show evidence of heightened winter storms and intensified
precipitation (Jong et al., 2006). As mentioned before the cause of the 4.2kyr event is less
well defined compared to the abrupt climatic changes in the Late glacial and early Holocene
due to the absence of ice sheets and melt water pulses. However, researchers have
identified 4 different potential causes to explain the start of the 4.2kyr event: Milankovitch
forcing, solar variation, changes in the ocean/atmosphere circulation and changes in solar
forcing. It is possible that the climate was affected by changes in orbital forcing although the
variations in Milankovitch forcing were minimal during the mid and late Holocene (Booth et
al., 2005; Roland et al., 2014).

Around 4200 cal. yr BP a change in solar forcing took place, which is supported by the
correlation between the IRD3 cold event in the North Atlantic and the increased presence of
cosmogenic isotopes (Bond et al., 2001; Roland et al., 2014). However, the models which
work with solar forcing often result in a change in temperature. The 4.2kyr event resulted
mostly in a change in precipitation and is therefore most likely a hydroclimatic event opposed
to a temperature based event (Roland et al., 2014).

Although there has been increased volcanic activity around 4200 cal. yr BP there is no global
scale volcanic signal present in the Greenland ice cores. Therefore it seems unlikely that
theses volcanic activities caused a global climatic change (Bryson, 1989).

The most plausible explanation for the start of the 4.2kyr event is suggested to be variations
in ocean-atmosphere circulation (Roland et al., 2014). Since the 4.2kyr event was a global
event, the cause has to be on a global scale as well. It appears that the 4.2kyr event was
triggered or at least amplified by changes in the ocean circulations of the North Atlantic
(Roland et al., 2014). This period of wetter conditions remained until around 3250 cal. yr BP
(Roland et al., 2014).

Between 3250 — 2300 cal. yr BP Europe experienced a series of shifts in conditions.
However, it is characterized by more dry conditions between 3250 — 2800 cal. yr BP and
more wet conditions between 2800 — 2300 cal. yr BP (Roland et al., 2014). Around 3250 cal.
yr BP Europe is dominated by an overall shift to more dry conditions, which persisted until
3100 cal. yr BP. Around this time a shift to wetter conditions commences throughout Europe,
which persisted until 2300 cal. yr BP. However, this period of wetter conditions is disturbed
around 2800 cal. yr BP by a short lived dry period called the 2.8kyr event (Charman et al.,
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2006; Roland et al., 2014).

The shifts to wet and dry conditions between 3250 — 2300 cal. yr BP coincide with changes
in solar activity. Periods of high and low solar intensity are suspected to influence the
temperature on earth and change local moisture conditions and the resulting moist sources.
Therefore it is speculated that fluctuations in solar activity can shift the conditions on earth
from wet to dry and the other way around (Blaauw et al., 2004; Speranza et al., 2003).
However, there is still a lot of uncertainty surrounding these phenomena. Whether or not
these solar cycles influenced the conditions on earth, based on the pollen data it is likely that
there was indeed a shift in conditions.

Engels et al. (2016) found that the lake water level of the Uddelermeer lake was 2.5m lower
than present between 3150 — 2800 cal. yr BP, supporting the idea of a drier conditions in the
Netherlands. Whereas after 2800 cal. yr BP the water table of the Uddelermeer lake was at
least as high as present, but possibly even 1.5m higher. The same water level fluctuations
were found in several lakes in the French Alps between 3250 — 2600 cal. yr BP (Magny,
2006). Engels et al. (2016) points out that these variations in lake level can be attributed to
two main factors. The first one is changes in atmospheric circulation, which could lead to
alterations in the moisture source, affecting the lakes water supply. The second factor
involves local influences such as erosional outflow events or increased human activity in the
area (Engels et al., 2016). Their first hypothesis seems most likely. Changes in solar activity
probably caused changes in atmospheric circulations, which changes the moisture source
above Europe, which caused for drier and later on wetter conditions. Although it is definitely
true that around 3000 cal. yr BP human activity quickly intensified throughout the
Netherlands, which could have caused changes to the local hydrology, it seems less likely
than changes in atmospheric circulation based on the fact that these lake level changes can
be observed throughout Europe where human activity was already a strong influence on the
local hydrology and vegetation for several centuries and in some cases even millennia, such
as researches from Great-Britain (Charman et al., 2006; Mauquoy et al., 2008; Roland et al.,
2014), France (Magny, 2006) and The Netherlands (Engels et al., 2016; This research).

As mentioned before a lagg-zone is formed as a result of rainwater runoff from the dome
shaped raised bog, eroding the soil around the dome and creating a stream between the
raised bog and the surrounding land. It seems highly likely that the increased precipitation as
a result from the changed conditions during the 4.2kyr event created and sustained the lagg-
zone. To sustain a lagg-zone a high winter runoff is required. These conditions were met
between 4200 — 3200 cal. yr BP. The shift from wet to drier conditions around 3250 cal. yr
BP resulted in decreased precipitation. Therefore there was not enough runoff to sustain the
lagg-zone and in rapid disappeared. This is supported by the rapid decline of Betula pollen
around 3200 cal. yr BP in the pollen record. Furthermore, the increased human influence in
the area around this time period in the form of deforestation, which can be seen in the influx
diagram (appendix 6) and as mentioned in chapter 5.5.3, could have contributed to the
disappearance of the lagg-zone. The local groundwater table or soil composition can be
changed by agriculture and deforestation. (Howie & Tromp — van Meerveld, 2011). As a
result of this deforestation the runoff and soil composition might have changes, which
affected the lagg-zone resulting in its disappearance. However, this leaves the question why
the lagg-zone did not return after 2.8kyr, when there was a shift from dry to wetter conditions.
This is most likely a result of a combination of human activity and peat decomposition.
Changes in the nutrient and mineral composition of the lagg-zone or changes in runoff can
drastically impact the rate of peat growth and decomposition (Howie & Tromp — van
Meerveld, 2011). It could very well be that during the drier period of 3250 — 3100 cal. yr BP
the rate of decomposition was relatively high, resulting in a loss of height in the raised bog.
Due to this decreased height the runoff was not strong enough to create a new lagg-zone
(Howie et al., 2009). Furthermore, the deforestation around that time might have altered the
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groundwater table and soil composition, which could have affected the lagg-zone
composition in case it still formed.

An alternate hypothesis is proposed by van Geel et al. (2014). They suggest that increased
precipitation during cooler and wetter conditions might result in a swollen raised bog, with a
elevated surface as a result of the rainfall. If this process continuous the bog can burst and
the less compacted upper peat mud layers on top of the raised bog would flow down the
dome. After this burst the bog surface is lowered and drained, this causes further
decomposition of the peat and possibly even peat fires. Although this decrease in elevation
of the raised bog could result in decreased runoff and disappearance of the lagg zone, it
seems less likely than the previously proposed hypothesis of disappearance due to drier
conditions and human activity.

This scenario, where a lagg zone is present around the Nieuweveen site, is supported by the
presence of species like Drosera and a high abundance of Betula as well as the climatic
data, which shows a shift in wet and dry conditions. However, this scenario is not supported
by the lithology, which shows the presence of woodland peat whereas a raised bog consists
out of sphagnhum peat. It could be argued that this peat degraded after the lagg-zone
disappeared, which, as mentioned before, is known to rapidly decline if the conditions are not
favourable. However, this would cause a hiatus in the record, which is not visible around his
time period. Furthermore, this scenario can only be true if the Nieuweveen site was a raised
bog. Since the data does not align with this theory, it is important to look at another scenario
where the Nieuweveen site never grew to a raised bog and remained a fen.

6.4 Desiccation/wetting
The pollen record shows a low amount of Sphagnum spores. As mentioned before in chapter
1.7, the Sphagnum spores were almost transparent and therefore hard to identify, making it
difficult to determine N " *
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to a mesotrophic state (Stouthamer et al., 2015). At this point trees start to grow on top of the
peat. The type of trees that start to grow at this location is dependent on the nutrients in the
environment. If the environment is nutrient rich Alnus starts to grow and if the environment is
nutrient poor Betula will grow. Figure 25 shows a summary of proxy records from
Uddelermeer obtained from Engels (2016), around 4300 cal. yr BP the diagram shows a shift
in 8D values towards more negative values, which remains more negative until 3150 cal. yr
BP. This shift to more negative values indicates an increase in precipitation around the
Uddelermeer site. This shift to wetter conditions coincide with the shift to wetter conditions
mentioned in chapter 6.3 between 4370 and 3250 cal. yr BP. Since this is a regional event it
can be assumed that this increase in precipitation also took place around the Nieuweveen
site. This shift to wetter conditions resulted in more precipitation and this increased
precipitation resulted in a more wetter environment around the Nieuweveen site and a
decrease in nutrients (Stouthamer et al., 2015). These conditions around the Nieuweveen
site were perfect for Betula, which is well suited for these wetter conditions and lower
nutrients (Howie & Tromp — van Meerveld, 2011). Whereas Calluna and Ericales become
less abundant, since these species are not well suited for wet conditions. These Betula trees
start to grow on top of the sedge peat. As mentioned in chapter 1.7 at the bottom of these
trees moss starts to grow, which keeps the leaves and wood remains humid (Stouthamer et
al., 2015). This enhances the formation of woodland peat. This formation of woodland peat is
supported by the lithology, which shows the presence of large wood remains and trunks
between 160cm and 106cm. These depths correspond with the duration of the Betula peak.
Between 3150 and 2800 cal. yr BP figure 25 shows a more positive value for the 8D, which
suggest drier conditions. This is supported by a lake level lowstand at the Uddelermeer site.
Besides drier conditions Engels (2016) also gives the possibility of a bog burst as a reason
for the lake level lowstand. However, this seems unlikely for the Nieuweveen site, this would
cause a loss of material and since there is no clear hiatus present in the record during this
period this seems very unlikely. This drier condition resulted in less precipitation. As a result
the environment around the Nieuweveen site became less wet and more nutrients were
available. This gave space to other species beside Betula to grow there and prosper. Figure
25 shows a transition to wetter conditions around 2800 cal. yr BP, this coincides with the 2.8
event mentioned in chapter 6.3. However, even though there is a shift to wetter conditions
there is no clear increase of Betula as is observed around 4370 cal. yr BP. This is most likely
caused by the fact that around this time period the infill of the lake is completed and a wide
variety of trees has grown on top of it. Therefore the environment is less susceptible to
changes in nutrients and wetter conditions. This is supported by the lithology, which shows
the presence of woodland peat. Since the environment is less wet, this also allows for
Calluna and Ericales to become more abundant.

When looking at both the lagg-zone hypothesis and the sequence of wetting and desiccation
of the soil, the latter seems most likely the case in the Nieuweveen site. This hypothesis
does not require a raised bog, which would require a high amount of Sphagnum peat, and
therefore suggests that the Nieuweveen site never grew past a fen. It is also supported by
the lithology from the Nieuweveen site as well as the data from Engels (2016). Furthermore,
it gives a clear explanation for the absence of a high Betula peak around 2800 cal. yr BP
when the conditions shift back to wetter conditions. Therefore, the scenario that the site was
almost near the end of the infill, while the climate shifted to more wetter conditions, which
resulted in the growth of Betula trees and the formation of wood peat is most likely.
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7. Conclusion

This research focused on the influence of human activity on the natural vegetation around
the Nieuweveen pingo remnant located in the Northeastern part of the Netherlands, near the
city of Hardenberg. The Nieuweveen pingo is one of the many pingo remnants in this area.
However, this pingo remnant is one of the deepest pingos and contains a continuous record
from the late glacial until the Holocene. This was done by analysing pollen obtained from the
sediment core of the Nieuweveen pingo. This data was plotted in a pollen diagram. From the
pollen diagram of the Nieuweveen pingo, it became apparent that throughout the Holocene
the vegetation composition changed in several ways. From the pollen diagram increases,
decreases, appearances and disappearances of pollen types can be distinguished. Some of
these changes are a result of human influence while others are caused by natural changes.
The first signs of agriculture can be found around 5500 cal. yr BP. Small deforestation and a
Hordeum signal suggest small scale agriculture and settlement establishment. Later on a
larger decrease in tree pollen influx can be seen, together with increased presence of
Plantago lanceolata, Chenopodiaceae and Rumex suggesting an open landscape. This open
landscape was most likely used for grazing of animals. Further deforestation took place from
3800 cal. yr BP onward. This deforestation can be seen in the influx diagram. It corresponds
with the beginning of the Bronze age. Wood was used as fuel and to build houses.
Furthermore, the increased population required more space. The Nieuweveen pollen record
also shows the presence of Canabis/Humulus type. It based on the timing of the presence
and the abundance as well as comparisons with other sites it seems most likely that this is
not Canabis, but naturally present Humulus. Comparisons with other well preserved and
relatively complete pollen records from Uddelermeer, Mekelermeer and Hijkermeer suggest
that agriculture spread and developed slow and different throughout the Netherlands. This
research shows that around the Nieuweveen site the human influence appeared extremely
late compared to other sites and had very little impact on the vegetation. The natural
vegetation is rather consistent throughout the sites until around 6000 cal. yr BP, which is
roughly the time agriculture began to spread into the Netherlands. It also shows that human
impact on the natural vegetation began really late around the Nieuweveen site. Besides
changes in vegetation caused by human impact, changes caused by natural variations also
occur. The high Betula peak in the pollen record seems to be caused by the infill of the lake.
The shallow conditions of the lake in combination with climatic conditions, which caused high
precipitation rates, resulted in an environment suited for Betula to grow. These changes in
the depth of the lake, were roughly reconstructed by using the aquatic vegetation.

From this research it became apparent that many changes in the vegetation composition
around the Nieuweveen pingo took place. Although some of the changes were caused by
natural changes, human impact certainly has influenced the vegetation composition around
the Nieuweveen pingo. Although the human impact in this area began really late compared
to the rest of the Netherlands. This is most likely caused by the environment, which was not
well suited for agriculture.
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Appendix 3

Nieuweveen
Depth diagram
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Appendix 4

Nieuweveen
Age diagram
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Apendix 5

Nieuweveen
Concentration
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Apendix 6

Nieuweveen
Influx diagram
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