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INTRODUCTION

Chapter 1

INTRODUCTION

1.1PROBLEMDEFINITION AND RESHXCH QUESTIONS

Dikebreach holes are sediment erosion holes formed by high intensity water flows. A
high number of them is known from the Dollard region, aaré included in the classic
review by De Smet (1961). These dikeach holesaoughly datebetween 1550 and 1717
(De Smet 1962; Knottneru®@9) New interest in these holes emerged in 2014, when the
working group Oldambt of the IVNOKF LJGSNJ . St ft AYagSRRS AyAGAIFGSR
52ttt NRIS0ASRQ LINRP2SOG® ¢KAa LINRP2SOG F20dzaasSa o2
component. The priect does not only assess the current state of the known -Bileach
holes(Smit et al. 2016a)put includes an action plan on their future managemsinit et
al. 2016b) One of the actions planned was dredging some of the-dikach holes to
WAYLINROS GKSANI yIGdzNB ljdzt t AG2@Qd 5NBERIAYI GKS K2 ¢
sediments, would rsult in the permanent removal and thus destruction gfcentiallyrich
historical archive, in particular with respect to the palaeoecological record.
The infill, which theoretically trgped organic remains, of these dikeeach holes
potentially documets local, and regional developments in and around the -thieach
holes from the moment of their formation onwards. The exact added value of analysing
palaeoenvironmental proxies fronthis infill for extending our landscape historical
knowledge of the regin, compared to other sources (e.g. maps, written sources) is as of
yet unclear. It can therefore not adequately been considered in their management. This
results in the following main research question:
What can macrobotanical, palynological, and diatormalyses contribute to our
knowledge of the dikebreach holes and the surrounding landscapé the Dollard Area
that other sources cannot or insufficiently?
This question requires a general exploration of the usage @epahvironmental data
in this (forthat type of data) relatively recent era as well as a good understanding of the
formation of dikebreach holes and their palaeoenvironmental record. This results in the
following subquestions:
SQ1: To what degree are palaeoenvironmental proxies usedrin eedern history
research, and which topics are generally dealt with in cases where they are used?

SQ2:Which biotopes are represented in the palaeo@ronmental record of scour
holes?

Once this is established (as far as possible), this leads to lthevifty questions:

! Dutch institute for nature education and sustainability
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SQ3: What can the palaenvironmental analyses #iole infills tell us about:
The ecological conditions and developments within and on the edge of thebd#ezh
hole?

Flooding events after the initial dikereach hole formation?
Landscape use in the area surrounding the dikeach hole, e.g.
Woodland exploitation

Arable farming

Grazing

After this has been established, the main landscape historical conclusions will need to
be synthesized and compared to what is presently knowmfthe area, resulting in the last
question:

SQ4: How do the main conclusions from the palaeoenvironmental analyses compare
to what is already known from other sources?

With respect to chronology and frequency of floodings?

With respect to landscape use?

The results of the palaeoenvironmental analyses, radiocarbon dates, and descriptions
of the coring itself, explicitly form the starting point for this comparison. Ateipth review
of everything known from the area from other sources is beyond the sobgfgs thesis.
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1.2CHRONOLOGICAL AND GGRAPHICAL BOUNDARE

The research area is situt in the province of Groningeadjacent Germany, and
corresponds with the geographical boundariesthe Westerwolde Landschapsbiografie
research projectin preparation by Cen¢ for Landscape Studiesniersity of Groningen).

It measures approximately 420 square kilomet@¥i).1-1 and Fig.1-2). The area consists

of two geomorphologic allgifferent subareas(Schroor et al. 2007pn the one hand, there

is the southern sularea of Westerwolde, which has a predominantly sandy soil; on the
other hand, we have the Bellingwolde and Blijham area, situated in the northern part, which
has a clay soil. This cultural landscape has affinitty two Frisiard regions Reiderland and
Oldambt, bordering the research area and forming a part of the Dollard clay pdldais.
thesis will focus on this northern part of the research area.

The palaeoecological information ofampled dike-breach hols refers to an
encompassin@rea, which remains situated in the Dollard clay polders or just reaching
behind the dike i.e. a salt marsh area. Although using sampling locations from the
Westerwolde area, the conclusions refer to a wider Dollard clay landscap

In the status quaestionissection threephases are applied, based on developments in
agricultural historyThese concern an early period (1506850), a middle phase (168@00)
and a late phase (186D900).

&

Fig.1-1. EmsDollardregion topographic map wittresearch area (highlighted).

2The historical coastal region Frisia.

3 Reiderland or Rheiderland (DE) was the name of an area, which stretched form the Punt
van Reide until the left riverbank of the Ems near thueerent city of Papenburg. The area

fell prey to the Dollard after which the leftover lands were allotted to Oldambt,- Ost
Friesland and Westerwold&chroor ¢al. 2007) The name revived in the nineties.
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Fig.1-2. Map of Westerwolde (1791yvith the Bellingvolde/Blijham area in the Nrthern part. Source:
historie-bellingwedde.realsite.nl/kaartmateriaal
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1.3SOURCB

Two groups of sources comprehend the basis for this master thesis. The first group can
0S OKIFNI¥OGSNRAT SR Ia WINOKFS2t23A0Ft Qs AdSd GKS
second group relates to historical sources, i.e. written sources in tidesly sense of
definition.

The first group consists of sources related to analyses edteéng two dikebreach holes
(seeFig.1-11 and Account of fieldworR. These sources are listed in the Isiftlebranches
of a mind map Kig. 1-3). Stratigraphy description, macroand microfossil study
(palaeoecological sources) and radiocarbon dating can be considerealled proxies. In
earth sciences, proxieare measurable quantities applicable to reconstruct other, not
directly measurable quantitieshapter 2will provide a discussion of these proxies.

The second group is related to sources commonly applied in the study of history and
in particular - the study of cultural landscapes. The group is made up of written and
iconographical sources. IRig.1-3, these sources can be found on the right side. Within the
group ofwritten sources, pmary written sources (such as chroniglean be distinguished
from literature, which should be considered a secondary written soulc@ographical
sources consists of modern maps ahéstorical maps The following paragraph will
elaborate on the characteristics of the different sources. A synthesis of their information
value related to flooding and land use Mik given in thestatus quaegbnissection (p. 14).

Written | w
sources |

Lithology

Macrofossils |

Elevation map |

™\ Dike-breach hole history |/ :"
| ) \

and landscape Aerial photography

Microfossils |~

Iconographical
sources

Historical maps

Radiocarbon ,‘"“
dating

Fig.1-3. Mind map ofsource typology.

Written sources

In this master thesis, | rely almost exclusively on written secondary sources based on an
interpretation of primary sourceqarchival material) Examples of such sources are
chronicles, which provide dates for probable storm surges and give an indication of their
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intensity. contain information on dikebreach hole genesis and flooding frequency
However, the frequent copying of documents make them less reliable. Contradictions
between texts about the same event highlight this even stronger.

Furthermore, Knottnerus (2009)describes a dramatization and incorporation in a
political message of some of tleecounts, which reduces reliability as well. Nonetheless,
chronicles are one of the few sources for the oldest centuries of study here and therefore
valuable to take into account.

The only type of written source that does not suffer from copying einterpretation
with decreasing reliability is cadastradtes (see further).

For information about land use we depend on sources associated with economic
history. Such documents are relatively sparse in the province of Groningen for the early
period of study(15001650), due to absence or incomplete statistic sequences. Examples of
such sources are tax registéBenders 2011y However, archival mateal is available from
about 1650 onwards. These include chronicles and-gadastral information on soil
properties® Hoppenbrouwers (19913uggests that the full potential of other than the
forementioned archival sources is not yet estimatéte points towardsdeeds of sales
(verkoopaktep, deeds of divisionakten vanerfdeling)and marriage articlescontracten
van huwelijksvoorwaardenThese types of sources remain to be researched systematically
and are not included in this master thesis.

Uninterrupted tax registers survived for the period after 1650. They form rtiaest
important historical source about past land u@¢ofstee 1985)For the late phasel800
1900),cadastral written sources in combination with their mafsge further)provide an
indication of landuse (arable field or grassland) a given moment in time, i.e.1832The
cadastral registers and maps also indicéitdld boundaries and therefore presents an
estimation of the dikebreach hole sizeMore detailed information on land use, such as crop
identification or grass land types is unfortunately not presdnirthermore, registration
errors are possible

Iconographical sources

Maps form the main core of the other sources section. Theyisbpngboth historical
maps andmodern maps. With modern, | intentiventy-first century maps of the current
situation. The oldest known historical maps concern sixteenth and seventeenth century
maps (De Smet 1962)t is interesting to analyze the depicted land use in the area of
sampled dikebreach holes and see whetheref correspond with the botanical proxies and
data from written sources and radiocarbon dating

Regardindand usem historical mapsit is important to note that studies concerning
GKS 1 yRaOlI LIS Ay (KS scareely darchéd (P2of DIB. Y I LJ
Vannieuwenhuyze, personal communicatidmugust2020)? The quality of the mapping of

4 According to Benders (2011) this is due to the decentralized political structure in the
Province of Groningen and the destruction of archival material.

5 Such asncludegrondschattingsregister& 630, 16561660, 1721) and theloorngeldboek
(1662)

6 HisGIS digitalizedhé ninekeenth century cadaster maps (hisgis.nl).

" The definition of the margin of map is problematic, since the division between the central
representation and the margins isnost maps, diffuse.

6
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the margins variesn both quality and levebf representation;therefore, no general
statements can be made (ibidfach map and author deserves mnlividual analysié
Furthermore, the purpose of the images in the margins was probably mainly for filling the
blank spaces\(an der Krogt personal communicatignAugust2020. Besidescopying
elements from older mapsias common practice in mapmakigipid.). This means that the
landscape they reflect might be older than the production date of that map. For these
reasons, | argu¢hat the types of land use déged in the margins are probably not
reflecting true landuse on the corresponding patcheslahd. However, it is interesting to
observe the depicted landscapehether it is present ad whether maps of the same age
are similar in respect to land use.

8 Studies concerning the value of individual map makers spatific regons for historie
geographical research are edg Bont (2014)
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1.4STATUS QRESTIONIS

Geomorphology
The situation in the middle ages is the point of departuréhis brief history of the Dollard

clay area, since human interference in the landscape during this period greatly affected the
Dollard formation. The Palaeogeographical niig.(-4) illustrates the ladscape structure

of that time.

Dwelling moundgwierden), located on clayey banks alongside the Ems estuary, were
the primary habitation areaThe Ems tidal basin had a different shape compared to today,
as it would late expand and become the Dollard familiar to us. The hinterland c@ubist
primarily of a large peatnoor area, formed in the Holocen®.Coversand below the peat
occasionally rose to the surface, resulting in various higher and dryer @eSmet 1962;

Vos andKnol 2013) Drainage of the hinterland occurred through various streams, flowing
from south to north and discharging into the Ems.

D

=

®In other Frisian areas, the artificial dwelling mound is knowwuarsh, warft or terp.
10 This peat bog area was famously known as the Bourtanger Moor and was probably the
largest peat bog of Northwestern Eurof@chroor et al. 2007)

8
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Legend

‘ ntertidal zone 7/ Rurd area

| Salt marsh ridge

Salt marsh

Endiked salt marsh ridge

Cutline (current dikes and border)

Dikes
Sireams and creeks
| Endiked sat marsh
- Peat bog area . Willages ¢ chvelling mounds.
! Pleistocene deposits on the surface

| water

Fig.1-4. Palaeogeographical map EAbollard areaAD 800. By courtesy dfos and Knol
(2013)and Deltares.

From around AD 800 onwardgjltivation of the vast peamoor took root, resulting in
strip division allotments similar to other peat reclamations in Fr{sias and Knol 2013)
Peatmoor cultivation led to peat dehydration and oxidatigbe Smet 1962; Vos and Knol
2013)* This caused a subsidence of the suefavel to below mean sea leyethich posed
problems to both inland water drainage and seawater floodirdg.This led to Ems
endikement. Besides geomorphological causes for the floeds)e authorspoint to a
neglect in dike maintenancehey consider the lack of a central dike managemast
another cause for dikbreachegDe Smet 1962; Stratingh and Venema 1855; Vermue
2012)

The moment of the first Ems dike collapse is a matter of debate. Written sources proved
to be an insufficiehsource for proper dating, mainly due to the repeated copying of texts
resulting in contradictiongKnottnerus 2009)Archaeological sources are sparse and do not
suffice either, althouly they point towards the thirteenth century, which is nowadays a
widely accepted datgBehre 2009; Schroor et al. 2007)

After the first storm tide and dike collapse, the land was gradually lost to the sea and
the submersed area increased due to subsequent floods. Seawater could easily reach the
lower grounds by means of streams. The peat proved very susceptible to erosion and was
washed away. Villages became uninhabitable, although some places on artificial mounds
lasted until the beginning of the sixteenth centye Smet 1962

At the beginning of the sixteenth century the Dollard bay reached its largest expansion,
being increased with 350 KhfFig.1-5) (Vos and Knol 2015} At the time the area was
characterized by two bays with a peninsula (named Winschoten peninsula), the western bay
coincides with what is nowadays Oldambt, the eastern bay covers present day Reiderland

1 Ems endiement started probably around the tenth or eleventh century AD. A continuous
dike ring was present in the thirteenth centufyos and Knol 20157This is also visible on
fig. 1-4.

12The natural drainage of the peat bog watercurred by means of the Munter Ae and the
Tjamme stream, which also happened to be the border between the Oldambt and the
Reicerland.

13 Uncovering this history is the main objective of the Sunken History Foundation.
(www.verdronkengeschiedenis.nl).

14 In this period, also other bays were formatbng the North Sea coast. Examples are
Leybucht and JadebusséBehre 2009)
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Fig.1-5 Palaeogeographical map of the Efdllard area AD
1550. By courtesy o¥os and Knol (2013)nd Deltares

Dikesand land reclamation

The Dollard intertidal area silted up by means of sedimentation. Thegfiamed silts
and clays changed the area gradually from a subtidal area to intertidal flats into supratidal
marshes'® (Behre 2009)The dike separated the salt marsh and the freshwater hinterland.
However, the border between these two areas was probably diffuse for a long time.
Probably around 1600, when agriculture became enmtensive, the need good drainage
and firm dikes increasebh this way, the characteristic polders came into being between
the second quarter of the sixteenth century and the second quarter of the twentieth
century (se€Fig.1-6).18 The process of slowly draining the land and dike remained basically
the same during the whole reclamation peridiiacquebord and Hepenius 1990).
However, dike height increased and the Dollard clay deposit qualities chahged.

5 The Dollard land reclamation had between 18800 a gradual velocity of about 618

m?/year diminishing slightly after 1800 (313° m2/year) (van Maren et al. 2016)

16 Most dikes were two or three meters in height since tlivgezenth century(Knottnerus

2004)

7 20K KSAIKG FyYyR O2yaidNHzOGA2y 6SNBE RAFFSNBy
probably just above extreme high water le&nottnerus 2009and two or three meters

above suface level. SePe Smet (1962pr Dollard sedirents in polders.

10
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BN Natuurlijke hoogten
[® =] Wierden|andschap
[ Zandenveen

= - Bedijkte kwelders
[ Zeeboezem

Fig.1-6. The largest Dollard expansion and successive la
reclamation between the sixteenth and theventieth
century. (Unpublished) Image from Knottnerus (persons
communication).

Dike-breaches

Dike building could not always prevent storm floods to inundate the endiked land. This
becomes especially clear from dikeeach holes (se€ig.1-7 for a schematic drawing of
these erosion holes¥ Dollard Doorbraakkollen, kolken or wielen (Dutch) are
geomorphologial degessionsforming small lakes or pond§averagelyd,5ha°The holes
were already known in the sixteenth centurgs an early mapAppendix2) points out.
However, systematic observations were first madesby scientst De Smet (1962)which
establishedninety-five dikebreach holes in the Dutch Dollard area alonee(ss map in
Appendixl).

18 In previous research known as scour hole (Igk&emer et al. 2010; De Smet 19612)
dike-breach pond¢Middelkoop 1997)

Dikebreach hole presence helps to reconstruct past dikes, of which many are not visible in
the landscapehrough levelling and land reallocation

19 Qudeschanskerkolk measures 0,4 ha. Exceptionally largeboieeh holes existed too,
such as the former Wynhamsterkolk at Ditzumerverlaat (DE), which measured 160 ha
(Brinkum et al.)

11



LANDSCAPE AND LANE BESTORY OF THE NERN PART WESERWOLDE BETWHE00-1900

Regarding our study area, the esated dikebreach holes are visible Fig.1-9. This
same image is present iRig.1-10, although with a different basemap, showing their
position in respect to the former eastern Dollard bay with the probable corresponding land
reclamation date. Often dikebreach holes were filled artificially and became less
prominent or invisiblén the current landscape.

Voor dijkdoorbraak Tijdens dijkdoorbraak
1 1 N

3: Overslaggrond

Na dijkdoorbraak

RS, -
N2/

Fig.1-7 Schematic drawing of dike burst
creating a dike breach before, during and afte
a dike breach with nr.3 being splaydeposit.
Image:(Smit et al. 2016b)

Fig.1-8. Detail of a map (1590)ith estimated locations of Oudescans (A) and dike
breach hole A along the Hamdijk (BgeeAppendix2 for details and the complete
image)

12
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Kieln-Ulsda

 Oudeschanskerkolk
® B/ Kolk Kaasmakerij 7

L Meters 3 \ § 3

0 125250 500 Sources: Esri: HERE. Garmin, Intermap. incferrient P Corp., GEBCO,USGS, FAO, NPS. NRCAN:
GeoBase, IGN, Kadaster NL, Ordnance Survey. Esi Japan, MET, Esri China (Hong Kong), {c)

OpenStreetiiap contributors, and the GIS UserCommunity

Fig.1-11. Topographic map witlsampled dikebreachholes with a radius of 1000 meters.

Genesis and flooding

The sampled dikbreaches are two of the many ditweaches alonghe Olde Dieck
(Hamdijk) consisting of two partsOn the one sidethe Hamdijk the dike between
Oudeschanso the eastwhichfinishedin Bunde On the other side was the western dike
betweenOudeschans and Winschoterzhig.1-11 shows locations athe two dikebreach
holes)

The relatively reliable endikement history providesteaminus ante quemand a
terminus post quenfior the creation of the dikéoreach holes Oudescharandlocation A
(Smit et al. 2019)Both are situated along the one of the oldest dikes of the eastern Dollard
clay area. Written sources point to a creation date of 1525 for @le DiecKDe Smet
1962) Knottnerus (personal communication, February 2019) suggests a later date, namely
1562, whichfunctionsas aterminus post quemd® Furthermore, thesubsequensalt marsh
was probably endikedbefore 1657 (Stratingh and Venema 1855)he old dike lost the
primary function of seawater protector. This makes the creation of-Oiteach holes after

0] NOKAGEE YIGSNRLF{YNSYa ARy &0 WY SGA SO g 2 7

by the author).
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1657 highly unlikelyror other dikebreach holes is 1717 the ultimate creation date, since it
is widely accepted as the year of the last storm surge inflicting dike bursts in the Dollard
area(Smit et al. 2016a)
Therecarded stormsurgeswithin the time frame 15621657 concerrnvariousevents
(Tablel) which could haveeaused the dikeburst and thereby thalike-bread holes. Smit
etal (2016a) ad4dzyYS KSNX {(GKIFIGd GKS WONBFIdGA2yenTt 22RQ Ydzad
sources, since ivas an event with a large impadince the storm surge of 1570 seems to
be largest in age&nottnerus, personal communicatioAugust2020) it might very well
possible be the creation date of the Oudeschans dikeach hole and the hole on location
A.However, further conlusions based on this source angecure.

Tablel Recorded storm surges between 1562 and 1857
1570

1577
1581
1585
1589
1597
1610
1625
1634
1651

21Based orBehre (2008); Gottschalk (197&)d Knottnerus (2019 personal communication
February 2019

15
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Land use history

Developments in agricultural practice the Dollard are@an be divided into three phases:
15001650(early) 16531800(middle)and 18001900(late). Each sectiois made up of two
parts. The first partonsgst of a synthesisf past land use knowndm written sources. This
concerns general developments regarditig Dollard area, including salt marshes,ycla
polders and bordering fenlan@he second section describing a time span entails a relatively
brief inspection of the most important historical maf the area. In particular historical
maps regarding the Bellingwolde/Blijham area will be described on land cover, because it
coincides witithe sampling area of the corelscussed in chapte.

15001650

Agrarian orientation

Hofstee (1937yvas the fist to study historical landise of the Dollard polders. He and
subsequent authors, such B® Smet (1962¢haracterize the polders until 1750 as a typical
pastoral farming area. This idea svbased on thie assumption of digh water tablewhich
only allowedgrassland use which thelowest portions were dested for hay production
and other parts were used for cattlegrazing.The image of specialized cattle farming
particularlybased on chronicles sincadastral sources are lacking é3&'ritten sources.

The association of early Dollard polders with pastoral farmivags refined by
Hoppenbrouwers (1991)rhrough the stugl of historical tax documentshe was able to
calculdge the ratio cow farmers tamixed farms?? Especially along the former Dollard
border, where farms had both oldenland) and new endikethnd, the potion of mixed
farms were higherFuithermore, the quantity of cows over which farmers paid taxes were
relatively low which oppose$o the idea ofspecialized cattle farmingNotwithstanding the
incomplete image ofthe agrarian business orientatiptdoppenbrouwers (1991ade
plausible thatarable farming was practiced in Dollard polders meubstantial than hs
previouslybeen assumed bliofstee (1985and others?

Arable farming

Arable farming was practiced @alt marshes, fenland argblder land On salt marshes,
the dryer plains were used for summer graintiudtion, especially involvingats (Avera
sativa)and Barleyordeum vulgarg?* Regarding fenlands we haegidenceof rye Secale
cereal§ cultivation? Furthermore, lickwheat Fagopyrum esculentur) was first
mentioned in a chronicle of our research area, in the beginning of the sixtexmttury 28
This suppoidthe idea of substantial buckwheat cultivation since that time.

22 Agricultural holdings were relatively small ¢30 hectares) during this period
(Hoppenbrouwers 1991; Knottnerus 2004)
23 Agrarian orientation only provides indications for land use, since cattle oriented holdings
traditionally produced their own foddgiPriester 1991)
2+ archaeobotanical evidence is present from salt marshes the terp régicmepes 2014)
25 References occur the thirteenth century Chronicle of Wittewier@ronica Floridi Horti
See alsdansen and Janse (199lassume that this was also practiced in later centuries.
26 Eggeric BeningaChronyk of Historie van Oelstieslandt(first half of the sixteenth
century) and Knotterus, personebmmunication (August 2020)
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In polder lands, mble farmingwas probably practiced according to a rotation system
(wisselbouyy, meaning a practice of crop sequence and the transformation of afadbts

to grasslandgBieleman 2008j'Ceeals occupied the greater part of the arabl€hese
concerned first and foremost Barlejigrdeum vulgark The crop wasssentiafor the beer
brewing industrywhich was extensiveluring the late medieval ages and the sixteenth
century (Benders 2011)Furthermore, Barleyas used for human consumption aiada
fodder crop. The dominance of Barleg polder areaslecreased in favor of other grains
such as OatsA{ena sativi This was the large export product of the Dollard clay polders
during the eighteenth century, accordingBieleman (2008)Vheat (Triticumaestivun) was
cultivated as a winter crofBehre 2008)Rye $ecale cereajavas probably only cultivated

in small quantities (ibid.)Favabeans (Vicia fabg were cultivated as fodder crops.
Aditionally, fava beans fixed nitrogen in the soil, which enhanced soil nutribhtstard
(Brassica rapais also mentioned in some sources as a cash crop in this period. However,
archaeologicatvidence is only presentf 16561800(see further)?®

Grazing

Grazing occurred on both polder lands anditsmarshes(Knottnerus, personal
communication,August2020) The latterwere mainly used for cattle grazing, particularly
cows and horse® The sal marshes also provided foddén the form of hay. In the polder
areas, old grasslands older grasslands (>10 years) were usually maintained, due to higher
yields

Land usénistorical maps

Maps of the sampling area older than the early 17th cenaarngysgarse. The largest part of
the existing maps showo indication of land use (see eAppendix2). To give an example:
the map from 1600 irFig.1-11 does not represent an indication of land usghe oty
surviving map showing a hint of land use concdfitgs1-13 in which images of cattle are
positioned in blank fielddNo trees or other vegetation is depictedihe ma suggests a
predominantly pastoral farming orientation. However, since the map is unique, no
conclusion®n land useof historical maps can be made except for the small amount of land
use indication.

27 This becomes clear from farmers accounts (archival material). Land lease contracts
furthermore suggest freedom of land use with respect to arable fields, hay or grazing
meadows(Bieleman 2008 Grasslands. Similar developments occur through Northwestern
Europe(Slicher van Bath and Ordish 1963)

28 ChronicleProphecye van Jarfk@597)and Knottnerus (personal communication, August
2020).

2 Horse breeding was common as an additional farm practice everywhere in the Wadden
coastal aregKnottnerus 2004)

30 During the sixteenth century, land lease contracts prohibited the conversion of older
grasslands to arable fieldgknottnerus 1991)
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Fig.1-12. Detail of reproduction(1938)by W. A. Pulbf a map depictingthe area
between the Dollard, Winschoterzijl, Bellingwolde anéPapenbroek(ca. 1600)
Identification number GrANL-GNnGRA_817_115&eeAppendix3 for the complete
map.
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Fig.1-13. Belingwolderschans, Booneschans en Langeakkerschans (Nieuweschaig)naventum Petric. 1635 Detail with
estimated location of sampled dikéreach(Oudeshans and AProvided by the Groninger A&hieven (ldentification number:
NL-GnGRA_1785_143Y3

16561800

This agricultural phase is characterized by technical developmenamintreasén arable
land, especially in the Dollard pold€isnottnerus 1991)Similar developmergtoccurred in
other Dutch polder areagKnottnerus 2004 The introductim of various tod, such as a
new type of plough and various agricultural practices increased yieldiee agricultural
practices included limingyhich isan enrichment of soil though the addition of chalkh
layers(De Smet 1962)urthermore, drainage improved, causing a lower water table and
better cultivationcircumstances

Additionally other crops were introduced, such as red cloveriflium praense,
which functioned as a cover crop and foddBehre 2008)In the records, this is attested
from 1700 onwards. However, the introduction of red clover probably originates earlier
(Knottnerus, personal communicatioAugust2020) Oilseed rapeHrassica napug)ecame
a large scale cash crop, destined for @ihill industries, located in the Zaan region
(Netherlands, province of Noosdolland) The frst reference in archaeology is a7
century threshing device (Knotterus, personal communicatfurgust2020).

The improved drainage supportesh increase of wheaf{iticum aestivupcultivation.
The impotance of cereal cultivation in general increased, which is evidenced by the
constrwction of large barngdBehre 2008) A city chronicler of Groiningen furthermore

31 Het Bildt, the Zijpe Bay and lake Beemster.

19



LANDSCAPE AND LANE BESTORY OF THE NERN PART WESERWOLDE BETWHE00-1900

describesthe Oldambtregionin 1740 as thegraanschuur(grain barn) of the province
(Knottnerus 1991)

Land useénistorical maps

The seventeentttentury map by J. Blaeu shows the fortification @udeschangFig.
1-14). The area surrounding the image of the fortification, the margin, is mostly left blank.
However, images of dwellings, cattle aridlds are present. As discussed before, these
elements might primarily be add for reasons of space filllhkgommon practice ri
mapmaking and in the workfdlaeu concerned copyinglements from older maps (Van
der Korgt, personal communicatipTherefore | argue that the types of land usepicted
in the margins are probably not reflecgrtrue landuse on the correspondingatches of
land.

The eighteentkcentury map of MellamaKjg.1-15) shows more elemestof land use.
Firstly, trees area discernable to the south of the Hamdijk/Olde D&stondlyto the west
of Oudeschans arable fields are visititenpty spaces give the impression of grasslands or
hay meadowsA lateeighteenthcentury map Fig.1-16) depicts singular trees south of the
Hamdijk/Olde diecland does not contain further land use references
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Fig.1-14. . Joan Blaueatlas (1652)Toonneel der steden van de Vereenighde Nederlanden, met h,
beschrijvingen Bellingwolderschangleft) with details (right) Retrieved from the Library of
Congress, https://www.loc.gov/item/76516940/.
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Fig.1-15. Kaarte van Westerwoldingerlanddetail) by H. Mellama (1717)see
Appendix4 for orientation of the map) GrA. Indentification numberNL-
GnGRA_817_1048.2

Fig.1-16. Detail of Map of Westerwolde 1791).(seeFig.1-2) Source: historie-
bellingwedde.realsite.nl/kaartmateriaal

18061900

Between1807-1910 the percentage of arable land incredgeom 49 to 87%Hofstee
1985; Priester 1991Holdings spdelized towards more arable farmingiechanizatiorand
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were increasingly market oriented (ibid?.Arable farming was characterized by an
increased intensificationespecially during 1830878 Grasslangbatches wereof shorter
duration, which wasamong ohers due to improved grass seed mixtuferiester, 1991).
Additionally the fallow period decreased. Other agpe of an intensified arable fening
included row cultivationyweed controland improved drainagéBieleman2008)

Slightly morefava beans(Vicia fava were producedin comparison to the previous
phase, which were used &sdder andfor nitrogen fixation.Cereals however remained the
dominant crop. Especially Og\ena sativawas cultivated and formed the largest arable
export product of the aredBieleman 2008} Oilseed rape remained an important cash
crop until around 186G Around the middle of the nineteenth century, farmers profited
from the high grain price¥.

Land uséistorical maps

32 Shown by the financial administration of farmer Bontkes from Beerta in tHec&8tury
(Priester 1991)

%3Yield of oats in the province of Groningen in 1875 concerned 46%.

34 Bieleman (2008mscribes this decrease to the arrival of the kerosene lamp, which
diminished the demand for rapeseed oil.

35 The dawn oHereboererand the rise of communism is illustrated Westerman (2008)
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The cadastral mapf the area of Oudeschar{Eig.1-18) shows grasslands, which are
especially found in the southeastern area. To the navist, arable fields are dominant
The southwestern part mainly consists of settlement with garden plots. dikebreach

LANDSCAPE AND LANE BSSTORY OF THE NGERN PART WESERWOLDE BETWHED00-1900
hole feature borders directl{o an arable plot and grasslands.
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18for Legend.Source: www.hisgis.nl

breach hole.(excluding buitlings) SeeFig.1-

Fig.1-17. Cadastre map of th®©udeschansrea(1832)with an 1000 m cirle around the sampled dike
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This differs slightly with dikbreach hole A areda={g.1-19). The largespart of the land is
marked as arable landrhe southern part consists pfedominantly grasslandThe dike
breac hole bordersto grasslangdgardens and an orchard.

Details otthe chromotopographic mafFig.1-20, Fig.1-21) shows the situation around
1900.An increase in arable field area is visible for sseroundingsof both sampled dike
breach holes.

Legend

Graveyard
Orchard
Forest
Arable field
Dike
Various
Estate
Heather
Hay land
Wet soil
City wall
Garden
Water
Roads
Grassland
Waste ground
Sand

EAAANEENFENMENEEN

Fig.1-18. Cadastre map (above) ancethil (below) of cadastre mapdepicting
Oudeschans (1832) (excluding hiiilgs) .Source: www.hisgis.nl
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Fig.1-19. Cadastre map (1832ike-breach hole A with buffer ofL000m (the supralocal pollen
signal).Aerial photograph of the current situation substitutes missing cadastre m&peFig.1-18
for legend.Source: www.hisgis.nl
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Egian\]TESTRIEYENE gaNED mnlt

Fig.1-20. Detail (Oudeschans) of chromotopographicam of the Netherlands with a 100t buffer,
¢. 1900.Source: map provided by Centre for Landscapedis, RuG.
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Fig.1-21. Detail (sample location A) of chromotopographicap of the Netherlands with a 100t
buffer, c. 1900Source: map provided by centre for landscape studies, RuG.
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Chapter 2

THEORETICAL FRAMEWORK

In this text, | introdue mytheory andmethods.First, | explain the concept of the study of
old plant remains. Thethgcharacterize the dikbreach holes as a source of them. Since their
infill consists of relatively young material, which is underrepresented in plant remains
scholarship, a short litature review will show the value of old plant proxies within early
modern landscape history researdhe last section is devoted to dike breach hole infill and
the possible spatial origins of the plant remains found in them.

2.1PALAEOECOLOGN THE HISTORICAPERIOD

In palaeoecology, organism remains are used to study their past life, their association in
communities, and their relation to thenvironment. When discussimdant remains, past
environment can be revealed by reconstructing past plant commuratiglsreconstructing
prevailing ecological conditianin the pastForthis thesis, the following palaeobotanical
analyses arearried out macreremain analysis, pollen analysis and diatom analf&Ss

2-1).

The sudy of plant remains is traditionally divided into archaeobotany and
palaeobotany. In the first case, the subfossil record is associated with the cultural realm,
which includes settlemnts, andvarious other elements of the cultural landscape as well
Research questions tend to focus on hun@ant relationships, such as food economy.
Plant macreremains are the most commonly used proxy in this respect. Seeds and fruits
(sensu latodominate macrebotanical datasets, due to their relatively good preservation
under various conditions and the fact that these can in many cases be identified to a very
low taxonomical levelPalynological analysis is used less frequefithcomet and Kreuz
1999) Especially the transition from the late Pleistocene to #waly Holocene isvell
representedin research, as opposed to more recent perioBglynological analyses of
sediments or archaeologit deposits dating after AD 1500 are relatively rare, even in
particularly wellpreserved and promising contexts such as cess(pieforce et al. 2019).
Sometimes, the past 500 years are not even taken into account, as a chrotalbeg\of
Jacomet (20073hows. This underrepresentation is visible in the Dutch database of plant
macroremains RADAR to.Here, a mere ten percent of the 1143 archaeological sites
concern the time period after AD 150@urthermore, these are oftercomprised of
settlements Thisnumber falls rapidly for younger sites, especiallytfmrse concerning the
time period after AD 1700 §%). Extracting tlis number with cess pit cases results in a
percentage o2%.

Palaeobotanydiffers from archaeobotany ithe sense that it generally deals with the
study of the past environment natirectly associated with human activity. This sometimes
concerns the very distant past, but the term is sometimes applied to more natural deposits
from historic periods as wellthis usually concerns long sediment sequencdsre the
reconstruction of the past environment, and especially the vegetation, is the primary

36 Version 2012, for an introduction s&an Haaster and Brinkkemper (1995)
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subject of studyPollenare the mostimportant proxy (Groenewoudt et al. 2008)The
samples are generally oliteed from lake sediments or peat profiléGaillard et al. 1992)

(\ Pollen /)
ey [ Algae |
~~ Nonpollen 0
~_palynomorphs | Parasite eggs |

Microfossil analysis

<1 Spores :>

Vegetative plant parts |
Seeds l

|
/"”ﬁacrosco&i?\\’ i
|

“~_plant remains
Fruits l
Invertebrate
Macrofossil analysis w\/ b

~—_remains "

- j/Aimhropogen;c\ N
N materal _~

Fig.2-1. Types of proxies retrieved from palaeobotanical sampieghis thesis. For an
overview of other palaeoecological proxies s&ampbell et al. (2011)

Pingo remnantsre considered anajor sourcefor palaebotanical samplewith a high
abundane in the northern part of the Nethiands. The process aothe formation of the
palaeobotanicakecord in pingo remnants isomparable to that of dikdéoreach holesA
pingo remnanr pingoscaris a forme frost hill, which turned intsmall lakes at thatart
of the HolocengWoltinge 2011)Their infill consiss of uninterrupted layersvhich contain
accumulated fossilized plant remaims long sequences The preserved plant remains
include among thers pdlen and macreemains and diatoms.hE trapped pollen is @
especiallygood proxy fora broad reconstruction of past vegetation and long term
environmental changes. Due to the disturbing of upper layers of the infill of many of the
pingo scarsthe middle ages is usually the upper limit of their arcl{Kdaiving et al. 2010)

Similar tomost pingo remnans, the dikebreach holes are small basi(seeTable2).

The pingo remants are formed solely by geological pesses, whereas dikaeach holes

are a result of human actions, namely dike constructi@ilee breach holes have a relatively
undisturbed sedimentary archive of plant remains. Their sediments, however are of
younger age (AD 1500 onwards) and their sequence has a smaller time span than the
thousands of years usually associated with long term tage developments from pingo
remnants.Both features contain probably the same types of proxies, among others macro
remains, pollen and diatom8ecause of the young record of environmental proxies in dike
breach holes, they can possibly provide the miggart of pingo scars archive. In this way,

the sourcesan complement each other.
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Fig.2-2. Pingo remnant Taarlose veentj&atellite image Fig.2-3. Dike breach hole Oudeschanskerkolk Satellite imag
(1:1000) (above) and side view (below). (1:1000) (above) and side view (below)
Sources: ESRatellite images. Anja Verbers, Landschapsbehe sources: ESRI satellite imaggscture by the author.
Drenthe.
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Table2 A comparison between Pingo remnants and dike breach holes from the Northern
Netherlands. Based oMVoolderink (2014)

Primary Geological processes Indirect human actions
formation
Geographical Past permafrost regions Along dikes in coastal and river areas
position
Creation 12,4506 11,900 BP 15001800 AD
date
Ideal 12,450 11,900 BR, 1500AD 15001900
hypothetical
time-frame
for proxies
Retrieved Pollen, nonpollen | Micro-remains: pollen, nofpollen
proxies palynomorphs (ash) palynomorphs
Macroremains: seeds, fruits
Average 100150 m 30-100 m
diameter

Due to therelatively young age of the plant fossils in dikeach hols, it is improper
to speak ofa palaeobotanicalstudy, sincethe word palaeo suggests a prehistoriage.
Archaeobotany might not be a representative namither, due to the above mentioned
assoqations. Thereforehistorical ecologynight be a better denomination for this type of
research.

Themes in old plant studies concerning the historical period

To understand the role of old plant proxiés the broader understanding afultural
landscaps in early modern history, ah®ert review is offeredof recent archaeological
reportsin the Netherlandg¢seeAppendix5). | argue that by observing the themes covered
the value of those proxies within the historical period for the cultural landscape aspects
become clear. The most recent open source reports from Bl Consult were selected,
being the largest commercial Dutch company specialized in rmegpicand migoscopic
palaeobotanical analysePrerequisites for article selectiomere time frame (after 1500)
and sampled waterlogged plant remain§he sample contextoncerred ditches, canals,
wells and depressiondNo cesspits are tan into account.Reading and analysing the
reports brought forth similarities and differences on the following aspects are shown in
appendix5. LG 02y OSNY & {rdnSs, tNiBapjgosdhn sfe@turé type Snd proxy
types.Appendix6 concerns the aspects of the cultlilandscape that are covered

Pollen or seeds?

Nowadays,Pollen and seeds are used as complementary proxies in interdisciplinary
research project¢Birks and Berglund 2018)he data of these two proxies from the same
core often show different species and quantities of remains. Thdsiésto differences in
post-depositional processes; factors which influence the presence of resiraim sample.

The study of processes which affect organisms after death an how thelyz@ssalso called
taphonomy.In the case of lake sedimesytthe difference in pollen or seed taxa lists for
interpreting past vegetation is, for example, visible in the remains of aquatic plants. Some
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of them, e.gpondweed(Potamogetor), leave few traces in pollen assemblag&his is due

to the low pollen production and the high susceptibilibydecay of the pollen grai(Birks

2017) This is opposed to theell-preservedseeds. Thus, combining the two proxies in this

OF&aS LINRPGARSA | 0SadGSNI ta YHiséhtritutes taikikdviedge 1 SQa | |j dzF
about hydrosere vegetation succession in the past, which is part of the ecological history of

the lake.

Soatial scale andpenness

Within palynologythe relevant source area of polliRSAP)s the spatial scalen a
radial distance from a sampling poegppropriate for detecting variations in local vegetation
from pollen recordqSugita et al. 1999)Simulationmodels showthat this distance is
influenced by varios factors, including species composition, spatial vegetation structure
and sedimentarybasin structure andsize.(Birks and Berglund 2018; $ag1994) (for
application of dikebreach holes, see furtheryVithin the RSAPthe vegetation proportion
or the degree of openness has been an important themgalynology.This concept is
based on the arboreal/noarboreal pollen ratio (AP/NAP ratioln the reviewed Biax
articles, this is often based on the findings of older literat(eeg. Groenmanvan
Waateringe (1983)Here,! t NI} GA2Qa 2F fHp 3 GEBAMgfopei 2 2LISy Iy
woodland or woodland fringe are55% point towards woodlangiowever, recent findings
shows a nodinear correlation between NAP and open land percentages. Additionally,
studies show thatNAP percentages have been underestimating openfidsiman et al.
2009a)

The reports from the review often concern either |gol or macreremains. In cases
where both proxies are usegpllen analysis often seem to supponacroremain andyss.

In this respectmost conclusions are based on macemnain findings. Pollen analysis seems
to revealthe function of the coring locatin (such as a depression in report 13) or the
identification ofcropsfrom that area. Furthermore, the reports using bgbhoxies, asn
cases where only maci@main analysis is carried out, focus on research topics like food
economy and social status.

In all reports, theindingsare gructured in groups otultivated plants and wild plants.
Most discussions contaimé following structure, namely orgaragraph concerning grains,
one for vegetables and legumesndone for other economic plantdlost reports contain
a separate paragraph on wild plants. In some reports, this category is further subdivided
into taxon groups based on ecological indicators, such as aquatic plants, bog plants, or forest
plants. These groups are taken from existingiditare, such as fronrRunhaar et al. (2004)
Most reports use the categorical system of Arrsddd van der MaarglTamis and Meijden
2004)

Included in palynological analyses is the fpmilen palynomorph studywhich is
present in all papers, but only includes a specific category, that of parasite eggs.
Invertebrate remainsnclude ephippia (egg cases) of planktonic crustace@agpliniaspp)
and statoblasts

Ecology

The acquired data firstly reflects a cert@icology of the water body. Water quality is a
frequent element. Droughts or a continuous water presence is indicated by ecological
requirements of plants. Water depth is deduced as well. Sometimes, there are indicators of
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the intensity of flow regime in t waterbody from aquatic plant macmemains and
microfossils. This can be evidence for e.g. the connection between a ditch and streaming
water, as noted in (1). This can be either valuable information for the history of water
management or it can have ceaquences for interpreting the origins tife material. A

third aspect areproperties ofthe water itself, such as salinity, gelvel and trophic state.
Again, this is deduced from the ecological requirements of plants. If there is any edge zone
vegetation reflected in the sample, it is often listed, but not reviewed in depth. It seems it
is not always possible to get insight into site ecology due to the lack of findings, As (3)
illustrates.

The surrounding area

Thesurrounding areas defined in one report only (7). It is assumed that the vegetation
groups were only present in the wider areBurther specification of this area is not
mentioned. Regarding human exploited vegetation, the meadow or pasture is one group
that is often present in the taxa list and is often discussed. Their presence is deduced from
the quantity and the variety of gesland plants found in the sample and bagezbain on
ecological requirements. The presence of this category of plants and thus the evidence of
grasslands in the surrounding area is present in almost all papers. Few of them consider a
typology of these asslands, although some characteristics can be attributed.
Cattle grazing intensity is evidenced in (3). Certain fungi spores are another proxy for cattle
grazing intensity, although their presence can be interpreted in various ways, but in (3) it
seems b support the intensive grazing theotyEvidence for wet hay meadows are present
too, such watetrmeadow. These lands are characterized by controlled irrigation in winter
months. Waterloving plants from the grassland vegetation group evidence this.

Furthemore, some authors claim that ecological requirements of the tree species
indicate forest densityn some cases. For example, the lighting species &k Quercu$
and keech Fagu3 wouldindicate an open forest {80ther vegetation groups, such as plant
belonging to heather vegetation were named and present in the taxa lists, althoog
discussed in depth j&ime frames

There seems to be a tendency towards synchronicity, or in other words, the scope of
the reports in finding a certain development tugh time is absent. In most papers, this
results in one list of taxa, representing two or three centuries. This synchronistic approach
in early modern history differs from the traditional scope of changes inldhgue durée
especally in pollen studiesvViewingthe early modern era as a single entity also becomes
clear in the sparse use of C14 dating. Mostly, if dating is applied, it is based on findings of
material culture or other contextsThus, dating by archaeological material in this historic
period can be more precise.

Other sources

Other sources are used to supplement the botanical data. The use of both historical and
contemporary maps was only visible in two reports, which both have pollen as their main
proxy. In (7) historical maps are used tsess the plant groups found. A large heather signal
in the sample might be logical, argues the author, due to the large heather field close to the
coring location visible on the historical map. In (10) historical maps are used to understand

37 Ascospores indicate a certain quantity of feces, either from human or animal origin. This
proxy isoften interpreted as presence of animals near the site.
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past geomorphalgy around the site. Here the author reconstructs the past sea shoreline
by using the map and by doing this she explains the evidence of subfossil plant material.

On the other hand, contemporary maps are used as sources too. In (7) the researchers
makeu§ 2F GKS &a2Ait &adNBSeo ¢KSasS NS dzaSR (2
environment. Furthermore, the draining class on the soil map is used to indicate the soll
moisture content. This is connected to the habitats of the subfossil plants.

Researchers also emplegcondary literature as a source. In (7) the author refers to the
original vegetation as described by a seventeenth century author in a certain area. Other
reports based conclusions about ecology and the surroundings solely on wamcdro
macrofossil analyses results.
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2.2DIKEEBREACH HOLE GHES$IS AND INFILL PRE&ESSES

In order to interpret the subfossil assemblage for conclusions on ecology athddan
it is necessary to assess site formation. This complists the dike-breach hole gnesis
and infill processes. Furthermore, the ways in which plant miaral macrofossils could
possibly arrive in the sedimeris taken into account. The transport mechanisms are
evaluated and the expected ecological habitats are summarized.

Genesis

Dikebreach depressions are small water bodies created by eroding water masses
during dike bursts. Thafill is composed of both organi@rganism remainsand non
organic materiafclastic sediment The organic sediment derives frotine plant material
that grew in the water or from those which are transported into the water. The quantity
and thus the velocity of the silting process depends on the trophic state (i.e. nutrient
content) (Jacomet and Krez 1999) In eutrophic lakes with a high nutrient content, dead
plant material accumulates quickly compared to water bodies with less nugieatled
oligotrophic or mesotrophic.

The mud which accumulates on the bottom of the water body is ofteredaByttja.
(Stouthamer et al. 2015)The process of organic sediment accumulation becomes clear
from Quaternary studies. The accumulation alters the depth and trophic state of the lake
and this affects the plantthat are growing in the wate Through time, lake vegetation
succession can become apparent.

Every lake under natural circumstances will eventually silt up in this way. | argue that
this must apply for the derived sediment in the dilkeeach hole lakes too, which remains
on the bottam of the lake as long as itnist deliberately removed biiumans.

Clasticmaterial will probably originatérom the edge zone of the water body due to
erosion A second possibility is depositibg seawater during and after flooding. The size of
the particles indicate the intensity of the water movement. These events must be visible in
the stratigraphyof the cored dike breach holes (see result®hether flooding is visible in
dike-breach hole sediment is studied biesselink et al. (2003)r dike-breach holes along
rivers.Dollard clay dikéoreach holes dighrobablynot know this frequent flooding as the
river dikebreach holes.

Another important aspect in the formation of a dikeeach holds the sedimentation
rate. This is important to know because it is linked to the vegetation succession and thus
GKS f11S8a wSO2t draskihblés inflarta HaladtBistis has2aleady heenS
studied byReijne (1948)His study objects had a yearly accumulation of organic material
between 1,5 and 2,5entimeters. Radiocarbon dating will indicate whether or not this is
similar to the dikebreach hole sedimentatio rate. (see results)Besides the natural
processes, the lakes must undergo anthropogenic influences as well. This becomes clear
from the artificial ifill. Mainly for land reclamation reasons, people tried to close the-dike
breach holes by simply adding foreign clastic material, such as sand and debris. This is not
studied very much, but it becomes clear from oral soul&mit et al. 2016and historical
map observations. In the case of the nsajt is not likely that the sedimentation rate sped
up and filled the lake up very fast. This is an indication for this practice. It must be visible
from the lakes stratigraphy too. A consequence of the manufactured infill is that the upper
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layers of thesilted dikebreach holes, such as sampldike-breach hole Aare nd pure
samples. This is the main reason why time span of this thesis ends in 1900.

Origins

Lake sediments as a botanical archive are much researched in Quaternary natural
sediments. For this type of anthropogenic feature of the ebkeach hole, there is much
that has not been researched yet. This is especially true for young sites such-hscdikle
holes(Jacomet and Kreuz 1999)

| assume that my samples contain subfossil plant remains from diffemdgit. In Fig.
2-2 these origins are simplified. The figure is largely based on tlze@harytemperate
lake modelfrom Birks (2017)Her model is applied for old natural sediments. Since the
feature has known the same natural sedimentation processes aslthiakes, the model is
applicable here too.

The spatial origins of the plant remains can be dividdtiieegroups, i.e. a local group,
regional group and doreign group These categories are widely applied in palynology
(Jacomet and Kreuz 1999; Janssen 1973; Janssen. Fa8lhe sake of simplicity, these
source groups are used for all subfossil findings. Local is intendeldefavaterbody and
the edge zone. The latter is defined asrB0wide concentric ring surrounding the dike
breach hole® It | assume that most of the macremains originate here, due to their
substantial weight and size compared to microfodsds outside the dikeébreach hole

The sampled dikéreach holes measuring rohly between 15 and 50 meters in radius
and measure on average 0,5 hectafé®revious research suggests a R above
NF}y3IAy3d 60SG6SSY nnn G2 wpnn YSugih N®HWhaNI (G KS (& L3kt ;
following the findngs oHellman et al. (2009, | assume an dikbreach hole RSAP of 1000
meters This area is larger than the previously applied-800 metersestimated bySugita
(1994)and Groenewoudt et al. (2008)

One difficulty arises here: theonclusions about the pollen representation are based
on data from Sandinavian lakesvhose surroundings dédr greatly in morphology frorthe
study areaSince DutclRSARImulations are lacking, | assutiiiat the Scandinavian results
are also applicable to the Dutch ca3#is differs from the former approach standard in the
Netherlands, consisting of an RS#B00 metergGroenewoudt et al. 2008)

Dispersal

Diaspores can be transported into the sedimentatioasin by different agents, i.e.
wind, water, animalsand humans. Wind transports light material, such as pollen from
(mostly) windpollinated plants.

The prevalent wind direction in the area is important in this respect. The source can be
local or up tosupraregional. As for fresh water, rain might bring down pollen from the air
and Inflowing streams contribute upland vegetation into the water body from the edge
zone. If the dikeébreach hole is at a certain moment in time connected to a ditch or a,river
the chance that regional material or even supegional material ends up in the sample
increases.

38 FollowingNielsen and Sugita (2005)

% These measures are based on the current size of Oudeschanskerkolk, which probably had
a similar size in the past. This is evidenced By cehtury historical maps. The same maps
show a simdr size for the nowadays filled dikeeach holeA.
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Animal dispersion occurs through wild or domesticated animals. In the case of wild species,
it is possible that the remains can come fréan away, furthe than the RSAPhis can be

the case with birds who, by travelling long stretches, transport smaller remains that are
stuck to their featheror non-digested seeds from their feces. Domesticated species such
as cattle might bring more local fossils infeetbasin through their dung or by bathing,
assuming that they did not travel great distances. As for humanimsidit is very well
possible that secondary waste disposal ended up in the pond. This is evidenced by the many
archaeological finds from the Oasdchanskerkolk cleanp project® and regional folk
tales The amount of debris would certainly be influenced by the proximity of settlements,
This is why | expect more human litter in Oudeschanskerkolk, which lies on the border of a
village, than in thelike-breach hole Anfill. The amount of plant remains in the litter is not

Ot SIFNX®» C2NJ aAYLX AOAGé&Qa &l 1S L |aadzyS GKIG GKS
plants (e.g. threshing remains) could be present

40 These archaeological findings were shown on display in Vestingmuseum Oudeschans,
spring 2019

41 En example is the story of the deposition of weaponry in a-Hileach hole after the

battle of Heiligerle (Smit et al. 2016a)
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Chapter 3

Methods and results

SELECTIOMETHOD AND SAMPLINGBETHOD

Cores of the Oudeschans dikeeach hole were taken prior to this thesis, due to the
plans for dredging that particular hole (see irdiation). To compare findings of this
particular dikebreach hole and to conclude more abouetdikebreach hole as a botanical
archive other dikebreach holes are selected for sampling. The selection only includes filled
in dikebreach holes, due to practicality of corif@gn this section, | describe the process of
selecting additional dikéreach holes, followed by photeeportage of the fieldwork.

A first step was to obtain an overview of the possitike-breachholes in the study
area for which I relied on previous research frbm Smet (1962He located potential dike
breach holes in the Dutch Dollard clay area and visualized his fsding thematic map
entitled Existing and former dikes and scour h@hgspendixl). Georeferencing and copying
locations on a separate layer GISenabled the combinabn of several map layersvhich
provided a technique for analysing dikeeach hole sampling criteria

Fig.3-1. Coring the frozen Oudeschans dike
breach hole. March 2018. Pictutay A. J.
Langbroek

42 Coring on solid gund instead of water impligsheoretically, less distortion and thus
more reliable data. Furthermore, dikereach pond coring requires eithe thick frozen
upper layer of the wateor a stable floating objedfWright et al. 1965)These options were
not available within the framework of this thesis.
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More precise locations were required due to the small scale of the map from De Smet.
In this respect, theLIDARbased elevation map of the Netherlandgas invaluablé? |
assumed that filled dikéreach holes are slightly different from their surroundingghw
respect to morphology, subdivided into relief, structure and colour. $haded relief
visualizatiorshows differences in height between the presumed former waterbody and the
surroundings. Furthermore, thlishadevisualisation highlighted the infétructure versus
the surrounding land? Soil surface discoloration was visible on aerial photographs. During
this research, soil depressions became visible which resembled the already known dike
breach holes, new finds which were not known through the kvofr De Smet (1962). This is
interesting to consider, because this could add to the inventory of-bikeach holes. It
could furthermore verify whether dikbreach holes share common morphological traits on
elevation maps and aerial photographs.

After completing a list of filledn dikebreach holes in the area, based on the findings
of De Smet and elevation maps, the sampling criteria had to be taken into account. These
included firstly a minimum of soiligtortion within the dikebreach holel assumd that
artificial infill was a predominantly twentieth century practice. This artificial infill had to be
avoided or had to be minimal, due to the probable distortion of sediment and the addition
of debris® To obtain evidence abouhtis practice, nineteeth century cadaster maps and
modern topographical maps were comparé¢hen the nowadaydilled dikebreach holes
in the nineteenth century maps were still water bodies, they would probably have man
made infill, assuming that in the meantime the waterboditd not fill up completely in a
natural way.

Another important aspect was the presumed age of the dikeach hole. To increase
the time-span of the botanical archive, older dikeeach holes than the previously sampled
Oudeschans hole were preferred. Ausce of the estimation of dike age was a mapQy
Knottnerus(Fig.1-10). Since most of the Dollard dikeeach holes lie within the endiked
area, | assumed that deprsisns on the seaside of the former dike are less probable to be
a filled dikebreach hole. Furthermore, since the dikeeach holes were formed near the
edge of the former dike, the smaller the distance to the dike, the higher the potential of
being a truedike-breach hole'®

The last two requirement were practical, which includeztessibility andlJNE LINA S i 2 ND &
admittance. However, this did not lead to any exclusion.

Six filleddike-breach holesnet the sampling requirement§ able3 Liststhe locations
arranged by sampling suitability. This list includes one depression, which morphologically
resembled other dikéoreach holes, but remained unnoticed by De Smet.

43 KnownasAlgemeen Hoogtebestand NederlaffeHN)

4 AHN 2 50 cm maaiveld

45 Artificial infill of dikebreach holes was common practice for increasing the size of
agricultural landSmit et al. 2016a)

46 Depressions along dikes can also concern depressions dug by humans. Examples are cattle
drinking pands(Barends 2010)
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. B/ Kolk Kazsmakerij
F { Londerkolk

9 ; s Kilemetors
1

0 62505

Fig.3-2. Study area with filled dikebreach holes suitable for sampling. See table for
list.
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Table3. Filled dikebreach holes in the research area

Vernacular Coordinates in
Code RD New Eligibility | Arguments
name
system
Invisibk on aerial photographsKig.3-3)
Open waterbody (1832) suggest atrtificial infill.
Distinct lower lying area, visible on the shaded relief
map (se€Fig.3-9)
274552,024536;
A 576436,653254 o
Cadastremaps refers to a waterbody in 1832.
The presence of a nowadays known waterbody and
presumed dikebreach hole lies on the eastern side
along the dike line.
High visibility orelevationmap.
Kolk . . . ) .
kaasmakerij 270794.477281: Morphology dlffers in relation to other filled dike
B. +++ | breach holes. This seems more elongated and seemn
573417,255288 . .
have a rim on the outside.
Suggested by IVN
Similarmorphology as adjacent dikereach holes.
c 270335,33; +++ | Notindicated by De Smet, although positioned behin
573344,1 the old dike in the same way difl@each hole B (Kolk
Kaasmakerij) does.
268121 522417 More southerndike-breach hole
D. ’ ’ ++
568814,997093 No or little visiblity on the elevatiormap.
No or little visibility on the elevatiomap.
E 267902,495198; - Right beside§Vesterwoldse Aa stream with probable
568216,946423 deposits.
140 metersfrom the hypothetical former dike
Artificial infill
267616,772176;
F. | Londerkolk 573211,673627 ++ Suggested by IVN.
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Fig.3-3. Aerial photograph with sampling location A. The pond Fig.3-4. Hillshade visualization with sampling location (A) anc
on the right side of the picture is a known dikereach hole the probable location of the former dike (pink) (after
known as Kolk Spille Leen. Knottnerus, personal communication).

Fig.3-5. Shaded relief visualization with sample location A.  Fig.3-6. Cadastral mag1832) with dikebreach hole A. Source:
Source: AHN.nl hisgis.nl. For a legend, sdgg.1-18.
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Fig.3-7. Aerial photograph of supposed dikbreach holes B and C.  Fig.3-8. Hillshade visualization with two supposed dikereach
holes and the probable location of the former dike (pinkgfter
Knottnerus, personal communication).

Fig.3-9. Shaded relief visualization with supposed dikeeach holes  Fig.3-10. Cadastre map (1832) with the supposed dikesach
B and CSource: AHN.nl hole C. Source: hisgis.nl. For a legend B#gp1-18
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Account of fieldwork

The objective was to sample three different ditieach holes, which would be cored
on one day of field work. Analysis of the previous section provided the locatipBsand C
as being the dikdreach holes with the largest sampling suitability ($eble3). The actual
coring (May 2019) concerned A and C, due to shortage of {neng was carried out by
dr. M. (Mans) Schepers and the author. Presumed-tileach hole A was the starting point
of our sampling. GIS provided the coordinates of the presumed centre.

LocationA

There waonly a slightvisible depressioiin the field onlocation A Fig.3-11). There
were also no depressions visible in photograpitee cadastre map might suggests artificial
infill. However, the presence of a distinct lower lying area was visible in the shaddd relie
map (seeFig. 3-5). Additionally, the presence of a nowadays known waterbody and
presumed dikébreach hole on the eastern side along the dike line confirms the hgsigh
of this location being a former dikareach hole.

We took a single sediment core. For the upper 94 cm, we used an Edelman combination
auger. This layer consisted of clay. For the remaining core depth, we used a 3 cm soil auger.

At the depth of 102 cmwe arrived at a dark organic layeFig. 3-13), which we
interpreted as the dikéoreach hole infill. In the lithology section an image is included with
the lithology aml description of the complete core (sd€ig. 3-20). After 613 cm we
successfully encountered two sand bandisg(3-12), which matched our expectations
about dikebreach hole creation by flooding. Based on the core infill we successfully
identified this location as a former dikereach hole.

Fig.3-11. Mans and Nynke coring dikbreach hole A.  Fig.3-12. Encountering a coarse grain sand layer a
Picture byAart Jan Langbroek 613 cm core depth.
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Fig.3-13. Black organic sedimerf core A.
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