BOTANICAL MACRO-REMAINS OF VASCULAR PLANTS OF THE HEVESKESKLOOSTER TERP
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ABSTRACT: The aim of this study is to present the archaeobotanical results of the Heveskesklooster terp located in
the northeastern part of the Netherlands. The samples that have been analyzed are dated to one ofthe four habitation
periods: 1) c. 50 BC-c. 400 AD, 2) c. 800-c. 1300, 3) c. 1300-1610 and 4) 1610-1975.

The samples yielded many plant remains, in which the species composition proved to be determined particularly
by age (period). feature type and depth. Though distinguishable on a small scale, the species composition of samples
of the first two habitation periods turned out to be very much alike. Environmental changes, reflected by a shift in
species composition of the samples, have been demonstrated for the transition of: 1) the second and third periods and
2) the third and last periods, though there was a limited number of samples of the last period.

The environment has been analyzed for the following characteristics: 1) salinity, 2) moisture, 3) nutrient
availability and 4) structure of vegetation and succession. During all four periods of habitation, both halophytic and
glycophyticspeciesare well represented. Thereis aslight decrease ofhalophytes in favour of glycophytesin the course
of time. Salt-marsh vegetations of the first period have been treated in detail. All four periods are dominated by plants
indicative of moist and wet conditions, whereas a clear increase of dry conditions can be demonstrated for the last
periodonly. As to nutrient availability, all four periods are represented by species indicating poor, moderate and rich
soils, and there was evidence of an increase of taxa indicating moderate soils from the firstperiod onwards. Dominant
vegetation types for all periods are grasslands and pioneer vegetation. The environmental characterization of the
periods shows on the one hand a considerable overlap on the level of individual samples, but can be differentiated by
external factors of samples, viz. location and feature type. If other Dutch rerps are compared to the Heveskesklooster
terp on the basis of indicator taxa, it shows that the environmental characterization fits in quite well with the overall
picture, though indicator taxa for saline and dry conditions and for all three classes of moisture regimes are relatively
well represented.

Important agricultural plants cultivated by the rerp dwellers are: Hordeum vulgare (in the third period also ssp.
distichum), Avena sativa, Linum usitatissimum, Camelina sativa, Vicia faba var. minor and probably also Brassica
rapa and Cannabis sativa. Though written sources give the consumption of Hordeunt vulgare, Avena sativa, Secale
cereale and Triticum aestivum for the third habitation period, samples of this period yielded only quite large amounts
of the first two species. But samples of the third and last periods yielded many other economically important plants
as well, including rare species like Atropa bella-donna and Aframomum melegueta. Compared with the subfossil
records of other terps, this botanical richness is only found in medieval Leeuwarden and reflects the presence of a
commandery of the Johanniter order in Heveskesklooster.

KEYWORDS: Archaeobotany, crop plants, environmental characterization, Heveskesklooster, identification of taxa,
Johanniters, pollen analysis, Roman Period, Middle Ages, Modern Times, terp.

1. INTRODUCTION terp. Archaeological finds justify the assertion that the
cloister was thriving. The recovery of a megalithic
grave under the terp, the only Dutch representative of

1.1. The excavation of Heveskesklooster ! oy
a dolmen characterized by the position of the entrance

Even though the rerp (dwelling mound) of Heves- in the narrow side (Bakker, 1992), was a surprise. A
kesklooster isremotely situated in the northeastern part stone cist of the same period was also found. It was the
of Groningen(seefig. 1).ithassomeinteresting features first time that the presence of agricultural land on the
showing great promise for archaeological research. terp proper, called valg(e), was established during an
Written sources give that a commandery of the archaeological excavation.

Johanniterorder was established at Oosterwierum after The archaeological excavation of the Heves-
the Crusades. which explains the change of itsname to kesklooster terp wasan ‘emergency excavation’ due to
‘Heveskesklooster’, after the nearby located Heveskes industrial development plans nearby Delfzijl. A few
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Fig. 1. Location of Heveskesklooster (No. 1) and other terps (Nos 2-
27) that are analyzed for environmental characteristics and
economically important plants. See for the names of terps: table 9.

years before, in 1976, the Heveskesklooster terp had
already been listed as being of historical importance. a
status which was to guarantee protection and scientific
research when, for some reason, it had to be destroyed.
Industrial expansion resulted in the excavation of the
northern part of the rerp, as this was the only part taken
onalong-termlease. Undersupervisionof J.W. Boersma
the excavation started as a survey in 1982 and was
completed in 1988. By then, economic recession had
caused stagnation of industrial expansion withtheresult
that the levelled northern part of the terp remained
unused.

During the excavation of the ferp, soil samples were
collected for botanical and zoological research. The
faunal remains have partly beenstudied now andrevealed
information on the death of calves and foals (Prummel,
1988). In this study, the remains of vascular plants are
analyzed, with the exception of charcoal and non-
carbonizedwood. Thesubfossil mosses willbepublished
separately (Cappers & van Zanten, in press).

The botanical remains consist of wild plant species
and cultivated plants. As for wild plant species, the aim
is to present an ecological characterization, both
exploring patterns in space and through time. The
reconstructionof environmental characteristics is based
on the floristic composition rather than on phyto-
sociological reflections, as I assume that ecological
characteristics of plant species are changed less than the
composition of plant associations. Agricultural and

other economically important plants are analyzed in
connection with cultivation in other parts of the
Netherlands and with other terps in particular. In
addition, the archaeobotanical record is compared with
evidence of written sources. An intermediate group of
plants involves those which mainly grow in natural
environments, but which may also have been used by
men. They are dealt with in both groups.

The nomenclature of plant names follows van der
Meijden (1990), whereas that of the syntaxa follows
Westhoff & den Held (1975). The datescited in the text
are conventional radiocarbon dates, followed by the
range in calendar years obtained by calibration at 20
according to van der Plicht (1993).

1.2. The sedimentary records

The sedimentary succession of the Groningen coastal
area diverges from other parts of the Dutch coast. One
important difference is the presence of Holland peat (or
Holland deposits) along the greater part of the west
coastoftheNetherlands, and which separates Dunkerque
DepositsfromCalais Deposits, whereas in the Groningen
district this peat layer is either absent or, reversely,
several peat layers are present (Griede & Roeleveld,
1982). There are even regional differences in the
sedimentary record in the Groningen coastal area; these
differences can often be explained in connection with
the surface of the Pleistocene substrate (Roeleveld,
1974). Roeleveld classified the Holocene deposits of
the Groningen district in the Wold Formation and the
Groningen Formation. The Wold Formation is composed
of basal peat (or basis peat) and the main peat member.
TheGroningen Formation consists of clay layers, which
insomeparts of the Groningendistrictis intercalated by
the main peat member, and for this reason further
subdivided by Roeleveld into a lower clastic member
(GIF) and an upper clastic member (GuF).

TheHeveskeskloosterterpislocatedonanice-pushed
ridge formed during the Saale glaciation. Because of
this ridge, the Pleistocene surface is at adepth of c.-2.00
to c. -1.60 m NAP (Dutch Ordnance Level). Owing to
this relatively high position of the Pleistocene subsoil,
the basal peat is directly overlaid by a clay layer
belonging to the upperclastic memberofthe Groningen
Formation (GuF).

Accordingto Roeleveld (1974), the lower part of the
basal peat usually consists of Alnus and/or Betula fen-
wood peat and occasionally Phragmites. This peat had
gradually changed into Carex, Carex/Phragmites and
pure Phragmites peat. It is possible that Eriophorum,
Ericaceae and even Sphagnum in the middle part of this
peat may have developed as a result of oligotrophic
conditions. Schoute (1984), who studied an exposure at
the excavation site of Heveskesklooster, stated that the
basal peat layer at this site is about | m thick and mainly
consists of Phragmites peat. The clay layers were
deposited during Dunkerque 1-B, Dunkerque 1l and
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Dunkerque Il and were separated from each other by a
vegetation horizon. Theoldest clay bedcan be subdivided
on the basis of an intercalated Phragmites/Scirpus
horizon, c. 20-25 cmthick (Schoute, 1984). Thisindicates
a temporary decline in the rate of sea level rise during
the Dunkerque 1-B transgression. The lower and upper
vegetation horizons were formed during the Holland
VIl and Holland VIII regression intervals respectively.
The formation of these sediments, characterized by a
given concentration of organic material, had probably
taken place in a semi-terrestrial environment. Bohncke
(1984) studied the botanical composition of the vege-
tation horizons from the Schildmeer area by means of
pollen analysis and identification of macro-remains.
Considering thelong-distance transportof the dominant
Juncus gerardi and Salicornia europaea from salt-
marshes seaward of the study area, the composition
shows major affinities with recently occurring Phrag-
mitetalia, Molinietalia and Angelicion litoralis. Clay
layers that belong to the Dunkerque Il transgression
were not found in the Heveskesklooster terp. They have
probably been incorporated into the plough layer
(Boersma, 1988).

1.3. Colonization

Colonization of the coastal areacan be explained by the
geological development of this area which made it
suitable for habitation, and some processes in habitable
regions which caused serious problems for survival.
Thecolonization of newly formed Holocene depositsin
the Groningen coastal area started at the beginning of
the Holland V1 regression (2600 '“C-yrs BP). During
this period, the salt-marshes that were formed during
the preceding D-1A transgression became relatively
well drained as a result of the progressive decrease in
the rate of sea level rise (Roeleveld, 1974; Griede &
Roeleveld, 1982). The beginning of the colonization of
the Friesland and Groningen salt-marshes was probably
caused by the combined effects of sand-drifts, the
formation of raised bogs and soil exhaustion (Waterbolk,
1979; van Gijn & Waterbolk, 1984). These processes
may have reduced the habitable area in the Drenthe
Plateau (northern Netherlands) to such extent that,
during the Iron Age, migration started towards the
northern salt-marshes that had become suitable for
settlement. As the salt-marsh area was separated from
the sandy region by a peat area, it could only be reached
by navigable waterways and along special routes
overland. The Delfzijl area was connected with the
sandy district by small sandy outcrops between Gro-
ningen and Delfzijl. The beginning of the settling in the
salt-marsh areadates to the early Iron Age and the first
part of the middle Iron Age. When during the middle
Iron Age the area had become permanently inhabited,
agricultural activities had started too (van Gijn &
Waterbolk, 1984).

Several agricultural experiments were carried out

along the North Sea coast to investigate whether crops
could becultivated in unprotected salt-marshes (Korber-
Grohne, 1967; van Zeist et al., 1976; Bottema et al.,
1980). Camelina sativa in particular could produce
reasonable yields, even when salt water flooding had
taken place during the growing season. More sensitive
toinundations, particularly during the germination stage
and therefore not risk-free in producing yields, are
Hordeumvulgaressp.vulgare, Avena sativa, Vicia faba
var. minor, Linum usitatissimum and Brassica rapa.
Moreover, some crops weredamaged by winds, cattle,
birds and insects. On the other hand, manuring the fields
improved the yield of particularly H. vulgare, A. sativa
and V. faba var. minor. Crops like H. vulgare ssp. dis-
tichum, Triticum monococcum, T. aestivum (including
T. spelta) and Panicum miliaceum proved to be less
suitable or even unfit for brackish conditions. The
experiments showed thatonly thehighestsandy parts of
the unprotected salt-marshes were suitable for agri-
culture. There was a valg on the terp proper, but also on
the coastal ridges and along creeks fields were probably
laid out.

1.4. Periods of habitation of Heveskesklooster

As only a preliminary study of the archaeological
record of the Heveskesklooster terp has been published
(Boersma, 1988), a detailed dating of the habitation
layersofthe terpisnotavailable as yet. The periodization
is restricted to four main habitation periods that have
beendistinguished by Boersma. Additionally, Boersma
subdivided the first habitation period into three phases;
most botanical samples, however, could not be allotted
toanyofthesephases. Therefore, Boersma’s subdivision
will be left aside in this study. The global periodization
does not alter the fact that the samples that have been
analyzed, represent a time resolution comparable with
botanical samples of other archaeological sites.

1.4.1. Period ] (c. 50 BC-c. 400 AD)

The habitation of Heveskesklooster begun during the
second half of the first century BC. From the very
beginning of habitation, a small terp was present,
indicating that floodings were considered to be a serious
threat. This idea is supported because of the Phragmites/
Scirpus horizon which was used to build the terp on in
the beginning of the habitation (fig. 2). In contrast with
the vegetation horizons, which were formed in a semi-
terrestrial environment, the Phragmites/Scirpus clay bed
indicates wetter conditions. Phragmites australis can
grow in places with a variety of water levels ranging
from deep water to dry places. Inland reed marshes may
occur in dry places subject to flooding for several
months annually (van der Toorn, 1972). Nevertheless,
the location of the rerp was favourably situated as to
water control. The rerp was built just above the highest
part of the Pleistocene ridge (Kortekaas, 1988), and a
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Fig. 2. Vertical section of the Heveskesklooster terp showing the development of the expansion of the terp. The dolmen and stone cist, both out
of proportion in horizontal direction.are located in sand and overlaid with peat. The basal peat layer is covered with clay layers (DI-B la.cand DII),
a Phragmites/Scirpus horizon (DI-B1b) and vegetation horizons (H-VII and H-ViI).

marsh creek bordered both the north and the east side of
the terp to guaranteedrainage. On the terp were several
trenches that drained into this creek. The drainage
outside theterp partly displayed a right-angled pattern,
indicating that the drainage was improved by ditches
(fig. 3). Asecondary function of these ditches may have
been the protection of crops against cattle grazing,
althoughitisnotquite sure whethercrops were cultivated
at that place.

From the first period of habitation the remnants of
twodifferent farmhouses were found, probably occupied
in succession. Before the second farmhouse was built,
the terp wasraised with clay that was deposited during
D-IBc. Especially during this last phase of the Dunkerque
IB transgression, the environment had become wetter
or, at any rate, flooding frequencies increased. During
thenextHolland VI, the environment became relatively
dry and it is likely that the first habitation period
continued until the end of this regression phase.

Itis not sure whether the habitation continued during
the D-IBc transgression. During this period, the envi-
ronmentwascovered withnearly 20cmofclay sediment.
Archaeobotanical evidence for the continuation of
habitation should be based on the presence of sufficient
numbers of remains of economic plants in samples that
aredated to the second, third and fourth centuries AD.
However, samples dated to these centuries were not
available.

1.4.2. Period 2 (¢. 800-c¢. 1300)

During the Dunkerque 11, the habitation of the coastal
area was interrupted in many settlements. It is quite
possible that the occupation of the Heveskesklooster
terp was discontinued too. Worked wood found in a
bordering ditch was dated to 1480120 BP (GrN-15098;
553-635 AD) and had probably originated from the

nearby creek (Boersma, 1988). There is, however, no
strong evidence for this, since it may have been
transported by water over a long distance, particularly
during this transgression phase.

The second period of habitation begun when the
Holland VIl regression had setin foralmost 200 years.
In between the first and second habitation period, c. 20
cm of clay and a relatively thick vegetation horizon of
8 cmweredeposited (Schoute, 1984). During the second
habitation period, the terp had been enlarged in both
northern and eastern direction. Remnants of farmhouses
were found on two locations (fig. 4).

The floor plan clearly displays agricultural land on
the terp (valg), parcelled out by ditches (fig. 4). The
parcels nearby the farmhouses were small (c. 120-160
m?), the more distant parcels larger. During the ninth
century the valg had notartificiallybeenraised,and was
located on the naturalelevationofthe vegetation horizon.
The circumference of the valg is mapped at the north,
east and south sides and bordered by the following co-
ordinates: 040, Y42, C'26 and G21 (fig. 4). The total
area of the valg within the excavated area is almost 0,7
hectare. The areanorth of the road crossing the terp in
aeast-westdirectionhadnotbeenelevated anddissected
by ditches, implying that it did not belong to the valg.
Because of the increase in the rate of sea level rise
duringtheDunkerquelll period and the gradual lowering
of the surface due to reclamation of the vegetation
horizon, the valg was elevated several times from the
tenth century onwards. During the first raisings it was
still necessary to intersect the valg with ditches. Later
on, the surface had a somewhat convex shape, which
made drainage without ditches possible (Boersma,
1988).

Reliable evidence of written sources about storm
surges that could have affected the area around
Heveskesklooster are scarce from the ninth to twelfth
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Fig. 3. Floor plan of the Heveskesklooster terp during habitation period 1. The farmhouses are labelled according to the sequence in which they
were built. Beyond the terp partsof the creek and ditches are visible. The numbers refer to the samples(seetable 1). Also indicated is the location

where samples were taken for the pollen analysis.

centuries, whereas several storm surges have been
mentioned for the thirteenth century (Gottschalk, 1971).
The only dates of storm surges that could have caused
floodings during the first fourcenturies of this habitation
period are fixed on: 838, 1164 (probably) and 1196.
Gottschalk mentioned the following years that would

have caused flood disasters at Heveskesklooster in the
thirteenth century: 1219, 1220, 1221 (two times), 1246
(probably), 1248 (two times), 1249, 1262, 1287, 1288
and 1290. The actual number may of course be higher,
as only storm surges that caused serious damage had
been documented.
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Fig. 4. Floor plan ofthe Heveskesklooster terp during habitation period 2. At the north and east sides of the farmhouses the valg is visible, dissected
by ditches. Two broad ditches border the road in a east-west direction. The numbers refer to the samples (see table I).

1.4.3. Period 3 (c. 1300-1610)

The late medieval habitation period is characterized by
the presence of a commandery inhabited by both nuns
andmonksof theJohanniterorder.Inc. 1481, underthe
influence oftheReformation, it changed intoa monastery
(Noordhuis, 1990). The foundation is dated back to the
end of the thirteenth century, its liquidation to 1610.

The order of Johanniters had been established during
the Crusades and they gained properties spread all over
Asia and Europe in return for medical treatment. Im-
portantinformation is available from written sources on
Heveskesklooster, which wasstillcalled ‘Oosterwierum’
in that period. Periodical rounds were made by
delegations to draw up a statement of assets and
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Fig. 5. Floor plan ot the Heveskesklooster terp during habitation periods 3 and 4. On the former valg two foundations of churches and a churchyard
surrounded by a ditch and a moatare present. Only fragments were found of other buildings. The numbers refer to the samples (see table I).

liabilities. Unfortunately, only two of these reports,
drawn up in 1495 and 1540, survived acts of war. Both
reports indicate that at that time Heveskesklooster was
a thriving settlement, but it should be mentioned that
most of the monastic orders of Johanniters in the
Netherlands were govemed by aneconomic management
(Noordhuis, 1990). The information on the
archaeobotanical records from these reports and from

those drawn up when the commandery was closed
down, is dealt with in the sections concerned.

Written sourcesare silent on the kind and number of
buildings onthe Heveskesklooster terp. The excavation
of the terp revealed only traces of buildings with deep
foundations.. They are remnants of two churches, a
stone house, a stone fence, a double moat and a
churchyard (Boersma, 1988). Both church and
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churchyard, the latter south of the church and surrounded
by a ditch, were situated on the northem part on the
former valg (fig. 5). The agricultural use of this part of
the rerp was stopped. Thelocation of Heveskesklooster
along the route from Groningen via Appingedam and
Oterdum to Emden (Germany) can be connected with
the prosperity of the rerp thanks to the cloister, and is of
special interest for the archaeobotanical records.

In this third habitation period a number of storm
surges taking place along the northeast coast of Gro-
ningen had been documented. They may have affected
the area around Heveskesklooster and took place in the
following years: 1424, 1426, 1436, 1446, 1499, 1507,
1508, 1509, 1514, 1516, 1520, 1524, 1554, 1570, 1578,
1585, 1586, 1587, 1588, 1590, 1592, 1597 and 1610
(Gottschalk, 1975, 1977). Gottschalk points out that
dykes in Groningen were grossly neglected because of
wars, as aresult of which dyke breaches and floods took
place frequently. It appears that the commander of
Oosterwierum was responsible for water control in the
Oterdum polder board because of the vastness of the
properties. It should be mentioned, however, that
particularly the Dollard area south of Heveskesklooster
was inundated. For this period, Heveskesklooster itself
is explicitly mentioned twice. In August 1524, the
Koedijk at Heveskesklooster wasdamaged andin 1587,
in the summer and the autumn, the water poured over
the new quay at Heveskesklooster into the country. As
the quay rested upon peatthere was also much seepage
(Gottschalk, 1975). The land belonging to the monastery
was scattered all over the surrounding area, and great
quantities of the crop may have been lost. It is notlikely
that the terp was furtherelevated during this third period
of habitation (Boersma, 1988).

1.4.4. Period 4 (1610-1975)

During the last habitation period up to five farmhouses
have been built on the rerp. The lastterpdwellers left in
1975. With the exception of some wells,only few traces
of this period were found (Boersma, 1988).

In the seventeenth century, the last century
documented by Gottschalk’s standard work, the
following years are mentioned during which storm
surges had probably affected the area around
Heveskesklooster: 1621, 1625, 1651, 1665, 1685 and
1686, the last one being particularly severe, destroying
all dykes along the coast of Groningen (Gottschalk,
1977). Although the water penetrated far inland, no
losses for Heveskesklooster were documented.

2. MATERIALS AND METHODS

2.1. Processing of samples

During the excavation years, many soil samples were
collected for archaeobotanical research. Mixed with

some formalin as a disinfectant, the samples were
stored at the Biologisch-Archaeologisch Instituut in
Groningen. T o assess the potential botanical richness,
some samples were analyzed by W. van Zeist and R.M.
Palfenier-Vegter during the excavation. After the
excavation had been concluded, the archaeobotanical
research was continued. Until now, samples have been
dated back to the four periods mentioned, some even to
acombination of two periods. Only those samples were
investigated that were dated with certainty to one of the
four habitation periods (table 1). The distribution of the
samples over the four periods is: 21 samples of period
1, 24 samples of period 2, 12 samples of period 3 and 2
samples of period 4. The low number of samples of the
lastperiod can be attributed to disturbances of the layers
concemed, and therefore relatively few samples were
taken. Due to the absence of organic sediments such as
dung layers and difficulties in dating, only two samples
were left that could be attributed to this period with
certainty. The location of the samples is indicated on
figures 3-6. Initially, 35 samples were selected, being
representativeofthesefourperiods. Fromthesesamples
usually 3 litres were examined. In a second phase, only
150 ml from the remaining accurately dated samples
were investigated. Onthe basis ofthese analyses, another
8 samples were selected for further research.

The samples were soaked in water for one or two
weeks, depending on the compactness of the soil. The
samples were then poured into a stack of sieves with
meshsizes 2.0 mm, 1.0 mm, 0.5 mm and 0.2 mm. The
sieve contents were sorted out under a dissecting
microscope with 0.7-45 magnification. The coarse
fractions of most samples (2.0 and 1.0) were completely
analyzed, whereas only a representative part of the fine
fractions was analyzed. The number of plant remains of
these sample surveys werecorrected in accordance with
the fraction that was analyzed.

Identification was performed with a dissecting
microscope and a high-power microscope. The latter
was used not only for the transparentenvelopes of grass
fruits and small seeds such as Juncus spp., but also to
examine the cell pattem of larger seeds with incident
light. Macroscopic plant remains that consisted of both
diaspores and vegetative remains, in as faras they were
considered to be sufficiently characteristic fora specific
identification, wereisolated and identified with the help
of a private reference collection and relevant literature.
In each sample, however, several plant parts remained
unidentified. In the last part of this study identification
remarks are made on some plant remains.

The pollen analysis was carried out by van Klinken
(1986) on samples that were taken from a profile
northeast of the oldest part of the rerp in August 1982
(see forlocation fig. 3). From the same section, samples
were also taken to identify botanical macro-remains, in
which subsamples of c. 100 g soil were analyzed at
regular intervals. Samples for pollen analysis were
analyzed atintervals varying from 1-7 cm. The samples
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No. Label P. Vol. Feature Location
1 HKN0079 3 3.000 Moat On terp top
2 HK\O082 3 3.000 Moat On terp top
3 HIQD09S 2 3.000 Wasle pit On slope (terp)
4 HK\)139 2 3.000 Well On terp (farmland)
S HKN0223 2 3.000 Wasle pit On slope (terp)
6 HK\0270 2 3.000 Waste pit On slope (rerp)
7 HKN)416 2 3,000 Waste layer On terp top
8 HK\0421 2 3.000 Waste layer On terp top
9 HK\)448 2 3.000 Waste layer On terp top
10 HK\)599 1 3.000 Trench Beyond terp
11 HK\0622 1 3.000 Trench Beyond terp
12 HK\)735 1 3.000 Waste layer On slope
13 HKNO791 2 3.000 Well On terp top
14 HK\0820 1 3.000 Trench Beyond rerp
15 HK\0844 1 0.150 Posthole Beyond terp
16 HK\0930 1 0,150 Marsh creek Beyond terp
17 HK\I073 2 0.150 Well On slope (rerp)
18 HK\I1074 2 3,000 Well On slope (rerp)
19 HK\I1227 1 0,150 Gully Beyond terp
20 HK\I1237 1 0.150 Bank of creek Beyond terp
21 HK\I276 2 0.150 Well On slope (terp)
22 HK\1293 2 3.000 Waste pit On slope (rerp)
23 HK\I1294 3 1.000 Well casing On slope (rerp)
24 HK\I298 2 3.000 Waste layer On slope (rerp)
25 HK\1437 I 3,000 Well Beyond terp
26 HK\1484 1 3.000 Waste layer On terp top
27 HK\1489 1 3.150 Waste layer On terp top
28 HK\IS55 1 3.000 Waste layer On terp top
29 HK\1560 1 3.000 Waste layer On terp top
30 HK\IS62 I 3.000 Well On terp top
31 HK\I579 2 3.000 Well On slope (terp)
32 HK\I584 3 3.000 Well casing On slope (terp)
33 HK\1635 1 0,150 Gully Beyond terp
34 HK\1638 2 3.000 Well On slope (terp)
35 HK\I670 1 3.000 Well Beyond rerp
36 HK\I67 1 1 3.000 Well Beyond rerp
37 HK\1680 1 3.000 Well Beyond rerp
38 HK\I698 2 0,150 Well On slope (terp)
39 HK\I760 2 3.000 Ditch On slope (terp)
40 HKN\I 840 1 3.000 Well On slope
41 HK\1842 1 5,000 Well Beyond terp
42 HK\I961 I 0.150 Waste layer On slope (terp)
43 HK\I995 4 3.000 Waste pit On slope
44 HK\2025 2 0.150 Waste pit On slope (terp)
45 HK\2032 2 0.150 Ditch On slope (rerp)
46 HK\2098 4 3.000 Ditch On terp top
47 HK\2283 3 3.000 Moat On terp top
48 HK\2284 3 3.000 Moat On slope
49 HK\2332 3 3.000 Moat On terp top
50 HK\2379 3 3.000 Moat On terp top
S1 HK\2392 3 3.000 Moat On terp top
52 HK\2595 2 0.150 Ditch On slope (farmland)
53 HK\2597 2 0.150 Ditch On slope (farmland)
54 HK\3319 2 0.150 Waste pit On slope (farmland)
55 HK\3321 2 0.150 Waste pit On slope (farmland)
56 HK\3351 3 3,000 Well On slope
57 HK\3354 3 3.000 Well On slope
58 HK\3357 2 0.150 Well On slope (farmland)
59 HK\3359 3 3.000 Well On slope
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taken from the clay sediments were prepared by heavy-
liquid separation (bromoform-alcohol mixture) followed
by standard procedures asdescribed by Faegri & Iversen
(1975). The samples taken from the peat layer were
boiled in a weak KOH solution before acetolysis.

2.2. Correspondence Analyses

Correspondence Analyses (Canoco version 3.12; ter
Braak, 1993) were used to explore the species com-
position of the samples. With this type of analysis, an
ordination is performed to summarize and subsequently
arrange the data, looking for an underlying structure.
In contrast with data matrices of recent relevés,
archaeobotanical dataare not linked withenvironmental
information such as ecological parameters. The sample
information is restricted to extrinsic characters such as
date and-feature type (Lange, 1990). For that reason,
indirect gradient analyses were performed, by which
ordination axes and graphs are derived from variation
within the vegetation data (Kent & Coker, 1992). The
following environmental data were used: 1) period, 2)
location and 3) feature type. The periodization is
restricted tothe fourmain habitation periods asdescribed
above. The location of the samples is indicated with
respect to depth (fig. 6) and to the following three
locations: samples collected from the flat, central part
of the terp, samples from the slope and samples from
beyond the terp (table 1; figs 3-5). The location of the
valg has not been taken into account, as this distinction
applies only to the second period of habitation. As to
feature types, 10 kinds of contexts were used
corresponding with the descriptions in table 1.

Period 1
Period 2
Period 3
Period 4

]
+0OD e

-100F o o A ‘A

Depth (cm)

—200 |-

1 . | T | P | s ! . !

80 100 120 140

_300 1 1 Y
0 20 40 60

West—eost (m)

Fig. 6. Position of samples in relation to depth in the west-east
direction. Depth is indicated according to Dutch Ordnance Level
(NAP).

To reduce redundancy due to different levels of
identification for the same clusters of taxa, standardi-
zation was performed on the data matrices used for
Correspondence Analyses. Differences in identification
aretheresultof differential preservationand the presence
of different kind of plant parts of the same taxon, such
as Lemna seeds in some samples and whole plants of
Lemna minor and Lemna trisulca in others. The
following rules were applied: 1) cereals were not
converted to other taxonomic levels, 2) if a taxon is
present at both species and subspecies levels, it is dealt
withatspecieslevel (thisappliesto Zannichellia palustris
only), 3) if ataxon is present at both genus and species
level, it is dealt with at genus level when it is assumed
that the genus represents the same (group of) species
(e.g. Betula and Bromus), 4) families and genera are
excluded if several taxa at species level are identified,
except if taxa clearly represent unique taxa (e.g.
Solanaceaeinsample HK\2098,N0.46).Only positively
identified taxa are used in analyses. The total number of
taxa was thus reduced from 288 to 251.

Correspondence Analyses were carried out on the
basis of the number of diaspores. Exception was made
for taxa that are preserved only by vegetative remains
(e.g.calyces from Armeria maritima) and taxathatare
frequently represented by both generative and vegetative
parts (e.g. Erica tetralix). Of the latter, the sum of both
kinds of remains are taken into account. In order to
reduce large differences in numbers of plant remains,
exceptional values were reduced to the maximum of
99999 inseveral samples for Juncus gerardi and in one
sample for Atriplex patulalprostrata. Data sets were
analyzed with Correspondence Analyses without data
transformation, afterIn-transformation and on the basis
of presence/absence.

Separate Correspondence Analyses werecarried out
todetermine the influence of small samples (150 ml) on
the outcome, as they particularly represent the more
frequent taxa, and samples with less than 10 taxa per
sample, as Correspondence Analysis may be sensitive
to frequencies (ter Braak, 1987). As a result of the last
reduction, the minimum number is 16 taxa in 150 ml
and 14 taxa in 3 litres. Charred and waterlogged data
sets weretreated separately via Correspondence Analysis
but these analyses have been left aside as they revealed
no extra information.

2.3. Characterization of the environment

The environment has been analyzed for the following
characteristics: 1) salinity, 2) moisture, 3) nutrient
availability and 4) structure of vegetation and succes-
sion. The classification system of ecological groups by
van der'Meijden etal. (1991)was used for labelling taxa
with respect to each category. The advantage of this
classification system is twofold: it takes into account
the ecological range of taxa and it is based on the
analyses of Dutch relevés.
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The environmental characterization has been
performed ontwo levels. Insomeanalyses all taxa were
used and eventually reduced to taxa with a small
ecological range. In these analyses each taxon is of the
same weight, but not the same frequency. The second
approach was based ona select numberofindicator taxa
for each environmental characteristic, whereby the
change of recovery by means of taxon weights is taken
into account (Cappers, 1994).

3. RESULTS AND DISCUSSION

Inthissection the subfossil records of Heveskesklooster
are presented and analyzed. In the first section the taxa
are presented and some general remarks are made. In
the following sections, samples are analyzed for species
composition, external environmental variables and
indicatorvaluesofthetaxa. Attentionis focused on salt-
marsh vegetations and the environment is compared
with the environment of other Dutch terps. Finally, the
economically important plants are discussed, both in
relation with the subfossil records of the Netherlands
and with thererps in the northern part ofthe Netherlands
in particular.

To some extent, the broad dating of the analyzed
samples of Heveskesklooster limits a detailed recon-
struction of the environment. However, due to complex
taphonomic processes, many archaeobotanical samples
contain a mixture of plants that require a variety of
ecological conditions. For that reason, even when
samples can be dated to a relatively small period,
species within groups of samples are frequently merged
in order to reconstruct phytosociological units or to
characterize the abiotic environment (e.g. Korber-
Grohne, 1967; van Zeist, 1974; van Zeist et al., 1987,
Behre, 1991).

Another problem with interpreting the plant remains
of Heveskesklooster is the representativeness of the
species for this site. On the one hand, differential
preservation causes selective loss of species, on the
other, plants may have arrived at the site from remote
places as a result of natural dispersal or human
interference (Cappers, 1993, 1994).

The environment ofthe site canbe distinguished into
two areas: the terp proper and its immediate sur-
roundings. As the excavation of the rerp was restricted
to the inhabited area, the macro-remains will, in any
event, produce information about the vegetation on the
terp, whereas the immediate surroundings can be
deduced from the remains that can be interpreted as
transported from elsewhere. As the terp was enlarged
duringthe second and third period of habitation, samples
of the first period that were once located beyond the
terp, were available too. These samples will mainly
provide information on the environment around the
terp. As to the surroundings, the samples ofthe slope of
the terp are of special interest too, for they may contain
remains of former tidal marks.

3.1. Catalogue of taxa

Most samples proved to be rich in botanical remains.
The taxa are separately presented for uncharred and
charred remains. Taxa that are preserved by uncharred
remains are conjoined in three parts: period | (table 2),
period 2 (table 3) and a combination of period 3 and 4
(table 4). Taxa that are preserved by charred remains are
compiled for all periods intable 5. In each table, taxa are
arranged in systematic order. Because the number of
plant remains displays a wide range, it was preferred to
transform the numbers into a range from | to 10. The
sample frequency, the characterization of the botanical
remains as to the distinction between diaspores and
non-diaspores, as well asthe total number of plant parts,
standardized to the volume examined, are presented in
the last three columns of each table for each taxon.

In all, 288 different taxa were identified in the 59
analyzed samples of Heveskesklooster. Twelve taxa
couldnotbepositively identified, including thefollowing
taxa on species level: Carex divulsa, Carex paniculata,
Chelidonium majus, Elymus caninus, Eriophorum
angustifolium, Potamo geton pusillus, Senecio viscosus
and Stellaria uliginosa. The taxa represent 184 genera
spread over 51 families. Listed in decreasing order, the
five bestrepresented families are: Gramineae (33 taxa),
Compositae (27 taxa), Cyperaceae (20 taxa), Caryo-
phyllaceae (16 taxa) and Cruciferae (15 taxa). This enu-
meration corresponds with the species richness of the
recent flora, with the exception of Leguminosae and
Scrophulariaceae which are represented in Heves-
kesklooster by far less taxa.

Although sixteen species of Heveskesklooster have
not been mentioned before in the subfossil record of the
Netherlands, it is stressed that most of them were found
insamplesof the late Middle Ages and Modern Times.
Twoexceptions,bothdatedtothe firsthabitation period,
are Isatis tinctoria and Symphytum officinale. The latter
reduces the number of taxa that on the basis of their
current distribution and ecological requirements were
expected to be part of the Dutch subfossil records, but
had not been mentioned as yet (Cappers, 1994). Two
other species date back from the second habitation
period: Dipsacus fullonumand Eleocharis quinqueflora,
while the latter was found more frequently in samples
of the following period. The following new species
belong to the third period too: Aframomum melegueta
(identified by H. van Haaster), Carex extensa, Cerato-
capnos claviculata,Lemnatrisulca,Malvaneglecta,and
Salix viminalis. Lemna trisulca could be identified
because the plant itself was preserved. Normally only
duckweeds seeds are found, making identification to a
species level unreliable. Noordam & Pals (1987) also
mentioned Malva neglecta for the early Roman
settlement of Valkenburg (ZH), but identification
narrowed to species level is uncertain. Together with
Aframomum melegueta, the following new taxadate of
the last habitation period: Berteroa incana, Cheno-
podium hybridum, Echium vulgare, Nigella arvensis,
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Table 2. Taxa of Heveskesklooster preserved by uncharred macro-remains of period 1. F. Sample frequency; P. Plant parts; N. Total number of
plant parts.

Range Specimen(s) Identification

1= 1 ! = uncertain at species level

2= 25 N? = uncertain at genus level

3= 6-10

4= 11-50 Plant parts

5= 51-100 D = diaspore

6 = 101-500 O = parts other than diaspores

7 = 50I-1000 B = both diaspores and non-diaspores

8 = 1001-5000

9 = 5001-10000
10 = >10000
Taxon Sample

10 11 12 14 15 16 19 20 25 26 27 28 29 30 33 35 36 37 40 41 42 F P N

Thelypteris palustris = am m e om o®m om @m E E % & w2 o= x 6 w o= = o= | O 120
Betula pubescens . e m e e we & om e @ w oo = w2l = = &= @ 2 B 3
Urtica dioica 2 4 - 4 - - - - 4 - - - - 4 - 6 7 8 - - - 8D 3771
Urtica urens = 2 = wm o= om @ 8 & @ = o @ 3 & © 2 4 = = = 3 D 26
Polvgonum aviculare -2 4 2 - - -1 5 - - - - 45 4 5 4 2 4 -12D 299
Polygonum convolvulus = 1 & 8 = = & = & @ 2 ® & &= 5 = = m = = 5 | D 1
Polvgonum lapathifolium -2 - - - - - -2 - - 42 -4 - -1 - - - - 40D 7
Polygonum persicaria - - 4 = = = = = & |1 88 8 3 # = = = = = = 2 D 48
Rumex 2 x e e = ow owm ] s & 4 e e = = = % = = == = 3 D 20
Rumex acetosella - - - = - - .. = = o® W = & - 4 - - - 1 D 45
Rumex crispus 3 - - - - - - - -4 - 43 . - -2 4 - - 4 - 6D o)
Rumex hydrolapathum - e e e e s e e e = 4 = = = = = = = = = = 1D 48
Rumex maritimus E B 8§ # & % 's om om e 3 e m = = wm o o@m & = o= = | D 10
Rumex obtusifolius = w o® e o= 2 o@ o2 o® % & = @& 2 = w s 4 = == 2 D 32
Atriplex litt.Iprostrata 3 -3 4 -2 - -6 - - - -3 - 42 4 - 4 -10D 286
Atriplex patulalprostrata 6 6 8 8 4 1 2 6 9 5 S 6 8 5 7 8 7 4 8 -20 D 21801
Chenopodiaceae - - - = - - - - 4 - = s ® & =2 ® = = w | D 26
Chenopodium album -2 5 - - -1 4 - - - - 2 1 5 6 8 - 3 -10 D 1945
Chenopodium ficifolium 3 3 6 52 - - 46 -1 -3 6 - 66 6 - - -13D 1518
Chenopodium gluuvcum/rubrum 6 4 - 6 3 - - 4 8 - 4 - - 7 1 3 7 5 4 5 115 D 4664
Salicornia europaeua s.l. 4 2 4 6 I - - - 8 - 4 - -5 6 5 6 3 4 - 13 D 2845
Suaeda maritima 1 2 4 5 2 1 - 2 7 2 - - - 556 4 - - 6 -14D 1806
Lychnis flos-cuculi F OE & B & B e wm m & m o wm om ow w3 & == @ | D 7
Silene dioica . T e s = w 3 D 16
Spergula arvensis - - 1 - T T T T R . = « = | D 1
Spergularia maritimalsalina s - - 8 - - - 2 8 -10 - - 6 8 6 6 - 4 - 11 D 18179
Stellaria media - -1 2 - - - - 4 - 4 - 3 5 - 6 6 1 - 9 D 1642
Ceratophyllum -1 - - - < < - - - 2 A2 o & w om & e &= o= | D 1
Ranunculus repens = = 6 = = e = = o= 2 = = 2 = & " = = = = = 3 D 174
Ranunculus sceleratus 4 2 - 4 1 - - - 4 - 6 - 5 4 - 55 6 - 4 -12 D 930
Camelina sativa “« w 2 e x m % 4 & % & = 2 &= 6 6 = =~ & = S5 D 336
Capsella bursa-pastoris o m om e E e wm e e o & = 4 = 4 4 = = & 3 D 56
Descurainia sophia - - - 3 -1 - - - - - - - - 76 7 - - - 5D 1369
Isatis tinctoria = W oW o @ o om 2 % @ s = 2 @ 4 = 2 2 & = S D 26
Sinapis arvensis v e om e m e o= W & % @ % # @ L oa o w ow - - 1 D 1
Potentilla = ® & m o= m e = e = = = 3 s =& = & & & = 1 D 9
Potentilla anserina 346 -2 - - - 53 4 - 4 2 - 4 - S - 13 B 474
Potentilla erecta - - - 3 - - - 5 & s o ” - 1 D 7
Prunus & A m = e e mgee o= o= 1 = e s & = = = @ s | D 1
Rubus fruticosus s.\. = 2. 0 m ®E 2 ® & % & & @ = % = = 1 4 = = = = 3 D 21
Rubus idaeus - o om wm e & owm e @ = & = = = = 1 |l 1 = =« = 3 D 3
Trifolivin repens # = = 5 = = = = 1 = 4 = 4 2 < ] 2 - = = = 6 0 60
Vicia faba var. minor - - e e e - . & & & & e ) = @ @ = @ =3 | D 3
Limum usitatissimum “ 2 2 = = m o= N 4 = o2 oa = A & 5 4 s = = = T D 132
Euphorbia helioscopia L T “ & o wm e e B2 e | & w = £ | D 1
Euphorbia palustris = w o® w o= B o®m W &% & ) % & & = & % o= @ = = | D 1
Althaea officinalis - = e w e = » o= 4 = = = 4 = = 4 4 = = 2% = § D 95
Malvaceae - - - - - - - - 2 « % = om @ s = =5 = = | D 3
Viola I =2 4 = & % & = m = = = 2 & = = = = = = = 3 D 21
Lythrum salicaria o w w e ow om om oE @ ow ] @ s o= & & & & = @w @& |1 D 875
Myriophyllum spicatum T o e e e o oE om o om o= wm o ow & wm ] wm = = = = 2 D 7
Myriophyllum verticillatum e v & = = @ w = w 4 D 1
Apium graveolens @ o om w w owm m B w8 & & e & & @ 3 = @& w@= = 1 D 7
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Table 2 (Continued).
Taxon Sample

10 11 12 14 15 16 19 20 25 26 27 28 29 30 33 35 36 37 40 41 42 F P N
Berula erecta . e owm om om o= o ow om w703 s s o= s & 8 o= @& = 2 D 556
Conivm maculatum - - - - - - - -1 - - < - - -1 2 4 - - - 40D 23
Daucus carota - - - - - - - - - - - -« -« - -1 -« - - - - 1D 1
Hydrocotyle vulgaris A L N S 0 2
Oenanthe T L T - - - 1D 1
Oenanthe lachenalii - - - - - - - - - -1 - - - - - - - - - - 1D |
Umbelliferae- - - - - - - - -4 - - - -4 - - - - - - - 2D 27
Andromeda polifolia - - - - - - - - - 4 - - 4 -4 -4 - -4 - - - 1D 16
Calluna vulgaris - - - 4 - - - - - - - - - - - 22 - - - -30 52
Erica tetralix 5 - - - - -4 - -4 -4 -4 -4 -4 -4 - - - 6 3 - - - 3B 378
Empetrum nigrum - - - - - - - - - -1 - - - <« - - - - - - 1D 1
Anagallis arvensis -2 - - - - - - - -4 4 - -4 4 - - - - - - - 1D 2
Glaux maritima 3 2 - - - - - - 6 4 - - - 4 3 55 - 4 - 9 B 324
Limonium vulgare - - - - - - - -4 - - - - - -1 1 - - - - 30 16
Galium palustre - - - - - - - - - - 6 - 2 - -1 1 - - - - 40D 171
Cusctaa epilinum- - - - - - - -3 - - - - - -1 - - - - - 20D 9
Symphytum officinale T - « =« =« =1 - - =« < 1D 1
Lamium amplexicaule - - “ @ = = = om ow om o= Y e m o= = ow o= = = | D
Lamium purpurewm - - - - - - - - - - - - - - -1 3 4 - - - 3 D 45
Lycopus europaeus - - = = - - - - - - 5 - 4 - - - - - - - - 2D 91
Mentha aquaticalarvensis 4 2 4 4 - - -1 4 5 6 4 7 4 - 5 6 4 - - -14 D 1483
Stachys palustris - -4 - - - - - - -3 - - - - - - - - - - 2D 24
Solanum dulcamara - - e - e - e e e 202 - - - - - - - - 2D 8
Solanum nigrum 1 -1 - - - - 1 2 - - - - - 23 6 - - - 1D 163
Odontites vernus - - -3 - - - - - -2 - - - -3 1 - - - - 40D 19
Plantago major 2 4 4 6 2 - - 4 6 s - 3 6 2 6 6 3 - S5 -15 D 1307
Plantago maritima !l -1 4 - - - - 6 - - - - 6 1 6 6 - - S5 - 9 D 902
Artemisia vulgaris s 28 d = 8 2 B ® = @ =2 @ = o@E W s m = & = = | D 16
Aster tripolium 4 - - 2 - 2 - - 2 - - - 4 4 3 4 4 - - 6 -10D 567
Bidens tripartita e T T N e B » ) 1
Carduus crispus 4 - - 2 - - - - 2 3 - - - - - - 3 - - - - 50D 36
Cirsium arvense L = 1 <« =« © = 3 D 5
Cirsium vul gare 2 & 3 s e Em om o= ow omom owm o= om o% o= o= 3 = o= = 3 D 18
Compositae e - & = & = = = = | D 2
Eupatorium cannabimun - - = - - - - -3 - - - - - - 3 4 - - - - 3 D 50
Leontodon avaumnalis - - - - - - - -2 22 - -3 - 32 - - - - 60D 27
Matricaria maritima - - -4 - - - -5 -1 - 4 4 2 4 5 2 - 6 -10 D 367
Sonchus : = &2 = 2 &2 @ B = 82 2 &= 52 2 &% = w= = = = =2 | D 1
Sonchus arvensis 22 -2 - - - -1 - - -2 22 -2 -2 - - 9D 28
Sonchus asper 2 - 4 3 3 - - - 6 -2 - - 6 - 46 - 2 6 -11 D 622
Sonchus oleraceus -2 - -1 - - -4 -1 - - 4 - - 2 - 22 - - 70D 77
Taraxacum officinale s.1. = m = e m ® om = F B & = om & = o= | = = = = 1 D 1
Triglochin maritima 4 5 - 6 4 4 - 5 8 - 4 - 3 8 3 8 7 4 4 8 -1 B 6651
Triglochin palustris - - = 2 - - - - = -1 - « <« « - -4 - < - - 20D 3
Potamogeton pectinaus 2 - - - - - - -1 - - -« -3 - - 1 - - - - 4D 11
Ruppia maritima - - - ¥ = = = & # = = = = =~ | 2 = = = = 2 D 3
Zannichellia palustris -2 - - - - - 4 - - - - - - 4 4 - 2 - - 6D 93
Zannichellia pal. ssp. pal. = & B e m o= s o8 o= w4 e e E = = o= o= = = [ D 24
Zannichellia pual. ssp. ped. 3 - - - - - - - = W & 4 = = = = & = =2 2 D 23
Juncus - - - - - - - - 4 - - - - - - 4 - - - 8 - 3 B 2989
Juncus btufonius s -9 - - - -1 - -4 - - - - - - - - - - 40D 6129
Juncus gerardi 8 10 8 8 8 5 6 810 4 8 6 8 10 8 10 10 10 9 10 - 20 D 1160857
Agrostis 6 2 - 4 4 - 4 7 410 8 7 8 4 7 7 - 4 8 - 16 B 3946l
Alopecurus geniculatus - -6 - - -« -*= 4 - 4 - - - - - 3 - - - - 4D 315
Bromus - - -3 - - - - - - 2 -4 -4 - - - - - - - 220D 9
Elymus athericusirepens < = e = = - = 2 4 - - -« - 2 2 32 - - 4 - 71D 108
Festuca rubra 2 = w = = = w = 3 & §5 « = = [ 2 3 s = = = 6 D 95
Gramineae 2 - - - 2 - - - 4 - 3 4 - 4 1 4 - - 4 7 -10D 780
Gramineae trib. Cerealeae s e w e = o.wm o= = 2 & 5 s = = = = = = = = = 1 D 2
Hordeum - = = e e -4 = - 4 4 4 4 4 -4 < -2 - -« - -10D 3
Hordeum vulgare e S 2 5 6 - - 3 - 5B 290
Lolium perenne - - s e e = = = = =1 = 4« 4 4 <2 - - - - 20D 3
Molinia caerulea = & = = e e s s 4 e s & = = = 3 =2 % = =« = 2D 25
Phalaris arundinacea - - - - - - - - 4 - 2.- - - - 31 - 8 - - 5B 1059
Phragmites australis 2 - - 3 - - - - - - -2 4 4 - 6 4 - 4 4 - 9 D 588
Poa annua S s e s & e wm os s ® = = & 2 3 & = = = = 2 D 11



120

Table 2 (Continucd).

R.T.J. Cappers

Taxon Sample

10 11 12 14 15 16 19 20 25 26 27 28 29 30 33 35 36 37 40 41 42 F P N
Poa palustris = ow @ ® % = & ¥ @ ® 6 w o # w @ = & = = = | D 337
Poa pratensisitrivialis I = = @w = =« = =« 4 4 8 6 4 S 4 4 4 -~ § - =11 D 1628
Puccinellia distans -2 6 1 - - -6 - - - - 4 - 65 -2 - - 80D 529
Puccinellia maritima = 2 = = I = & 2 3 © = & = =2 © =5 I = = 4 =% 4 D 32
Lemna minor - o m om w ow ow ® @ om By ow m omwm ow ow ow e om o= o= 1O 8
Carexacutalnigra 2 B |l B 2 = o om0 e = om e = om w5 B = 2w 2 D 2
Carex cuprina x 2 4 ® = 5 @ 2 2 =2 B & 2 = = { =, B = ¥ = 8 D 40
Carexdistans I = 3 = =2 3 =2 3 = & £ 2 2 = = = 2 = = = = 5 D 20
Carex ovalis c m m ow s o m e s s & m = = = 3 = o= = = = | D 9
Carex riparia - - -2 - - - - -3 5 - -2 - 21 -6 3 - 8D 190
Carex subg. Vignea s & = ¥ & = £ = & 2 = = % = = 4 2 & = = = 2 D 20
Carexsubg. Carex = = 1 2 = & & = = = = =« 1 = = =« =« « =« = = 3 D 4
Eleocharis palustris « D e e o om om owm = w w om w2 = = 3 = s = = 3 D 11
Eriophorum vaginatum B B R R e S & E R S ®m&E aog = 2 oz == | D 5
Scirpuslacustris ssp. tab. B S « = = 4 = 5 D 25
Scirpus maritimus 4 4 3 4 1 1 4 4 2 4 2 4 6 2 5 6 4 2 10 -20 D 13666

Table 3. Taxa of Heveskesklooster preserved by uncharred macro-remains from period 2. F. Sample frequency: P.
of plant parts. Forother abbreviations, see table 2.

Plant parts: N. Total number

Taxon Sample
345 6 7 8 91317 1821 22 24 31 34 38 39 44 45 52 53 54 55 58 F P N

Thelvpteris palustris b L I T 5 O 16
Salix - - - - - - - - - c = 2 4 3 = 2 3 = = = = 4 & = 2 0 18
Betila S e = = a2 2 A e e e 2 D 13
Cannabis sativa - - - - 2wl e e m e e & A A S S H e B ®E 1 D 12
Urtica divica 2 2 s 8 8 8 # @ &2 & & & 2 & s om OB B ¥ B F o B ® | D 19
Urtica nrens S Y A R | - - - - - =2 -1 - 11 - 6 D 854
Polygowm aviculare 8§ -2 -4 46 43 56 8 7541 -2513 -2 - 19 B 7590
Polygomun convolvulus I 1 2 =« = 5 = & = = 8 4 & # W & & & I -2 - 4 D 5
Polvgonun hvdropiper 2 moE 5 oR o OB R e = = ¥ woEos o8 B o 3 % & & | s 2 D 12
Polygonum lapathifolinm 6 1 331 - - 22 32 4 64 4 - -1 212 - 3 = 18 D 834
Runiex ) w = 0 o = = = = = & s @ 2 B 3
Rumex acetosella - - e - - = - e . = = = # & s = = o o= s 4 = 3 D 60
Ruex crispus I A A | 2 - - = - - - < - 4 D 27
Rumex obtusifolius L I e T T T | D |
Chenopodiaceace - - - - - - -5 - - - 7 - w m ow = 3 & = o= - - 4 4 D 947
Beta vulgaris 2 = ow OB OB ORE NS s = =oEF R B =5 & | 8 = e o= | D 1
Chenopodinm T e | [ e . T T T e 1 D 1
Chenopodivm album - - - - - - - 62 42 6 541 -3 21 21 - - - 13 D 666
Chenopodimm ficifolinm 5 - = = = = =13 - -7 - 4 - - -2 - - 11 8 D 719
Chenopodinm

glancumnirubrum - - - - - - - =22 = = 8 = = 3 2 =« 2 J = = I = = 7 D 1198
Atriplex litt.dprostrata 4 12 -1 - -1 - 4 - 7 5141 - - - =2 - -1 13 D 900
Awriplex patdatiprostrata 1021 48 9 7 6 6 8 6 10 10 8 8 3 8 6 5 4 5 2 6 5 24 D 420539
Salicornia ewropaca s.1. 6 -1 8 - - 6 42 82 6 8 6 6 - 6 1 4 2 - 6 2 18 D 8965
Sttaeda maritima 8 21 9 2 -6 -4 8 4 8 8 85 -6 4 3 -4 1 4 4 20 D 17794
Stellaria media - - - - -7 - 21 6 4 52 32 31 4 232 15 D 816
Cerastitm

arvenselfontanum v % om mom B s s mee wm omomomomom o om Bow 3 B 2 D 38
Spergula arvensis S F W OB E B Y S B = & & F R EEBEERHE & 2 o= 1 D 3
Spergudaria

maritimalsalina 7 -2 8 6 6 8 6 4 94 8 8 8 6 4 7 4 6 1 5 254 23 D 18650
Agrostennna githago S . 4 3 =21 5 & 5= = 2 1 | = 6 D 32
Silene s wmoEom o o= e o8 om B B & m o= o2 B = ow = = = = = | D 1
Silene latif. (ssp. alha) - - - - - - -2 - s 9 2B e om o = @ = . 4 D 96
Ceratophyllum I 1 T [ R T I 1 D 1
Ranunculus flammuta s =2 o2 2 o 8 w4 2 e oa = 5B S F B B & 85 & & @ | D 38
Ruanunculus repens - - - -2 - -2 - - 2 = = | = = @ & = = - e = 3 D 6
Ranunculus sardous w om om o= o om om ol e m o om o owm e o o o & @ B | D 15
Ranunculus sceleratns A NS Y Re & &S & Heell 228 RS 1 D 1
Cruciferae - = = == === - . s = o® § &= w w = = = @ = | D |
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Table 3(Continucd).

Taxon Sample
3045 6 7 8 91317 1821 22 24 31 34 38 39 44 45 52 53 54 55 S8

ksl
-
z

Descurainia sophia . T 1 D 19
Cocllearia . - = - = B OE F W B W ow ® = e S | D 10
Cochilearia officinalis F ez o s wep B8 5 =% © = § = oww om oa om owm & = = 1 D 24
Capsella bursa-pastoris - - - - - = - 6 - - 4 T s # = 3 D 380
Thlaspi arvense - - - - =2 - - - - S T 4 D 7
Brassica nigra @ B om w oe om owm D m e & 8 OB E S & @ B A B E B @ @ | D 2
Brassica rapa - - - - = - - 32 -1 - -2 4 - - - - - - 6 D 48
Sinapis arvensis 4 2 4 4 2 4 4 1 3 41 7 7661 -3 2 -1 - 4 2 21 B 1916
Raphanus raphanistrum A - e o = 2 3 = 4 s 2 D 47
Rosaceae S o e e e e owm 2 a B OE S B A S 5 ™o R & B 1 D 3
Rubus fruticosus s.1. - 2 = 5= ® S om ow w A E W R e e @ | D 4
Potentilla anserina $ = 6 4 2 4 3 - | 4 4 45 - - - - - - 11 - 13 B 443
Potentilla erectu - - - - - T T I T T T | D |
Vicia cractsat. ssp. nigra - = e e e w2 R R OB o8 ® e & @ & o8 B s o & & | D 2
Vicia fuba var. minor - -2 - - - - - -2 -1 4012 - - - - - - - - 6 D 39
Medicago lupulina R - = B E 2 B @ | D 6
Trifolinn repens -4 2 -6 - - - - 410 - 4 -4 -6 1 - - - - 1 = 10 B 460
Linmmn usitatissimum T s m % w2 8 = | = 1 D |
Euphorbia helioscopia B . T e H e 5 D 88
Viola e [ T | D 1
Hydrocotyle vulgaris T T o 2 D 61
Berula erecta R - - - = = = = = s s - = - -1 1 D 1
Counitn maculatmm s 2 & 8 & @ & 1 @ =5 % = =2 =2 2 & @ @ @ & = @ = @ | D 1
Bupleurum tentiissinmm . - - - w w | = e o= owm o= = ® = = | D |
Lrica tetralix . N e Y 2 0 27
Calluna vulgaris T B - S - -1 A 0 1.4
Andromeda polifolia s & = & = 2 ¥ & 75 = = o « w owm om oW m s . = | D 19
Glanx maritima s - -9 -5 -5 - 62 - 56614 -243 2 4 - 16 B 8796
Anagallis arvensis P | - d = 2 B & A @ B S = = 2 2 D 21
Armeria maritima R R A -2 - -3 - - - - - - - 3 0 1S
Galeopsis bif-fspec.fietr. a om oe B ow o & om owm e o= ow o= 2 = R 3 D 6
Laminm amplexicanle . B - = - . o o B EEE B S = om | D 88
Lamiwm purpurenm e . T ECEE T T T S T . 1 D 12
Stachys palusiris - - - - e - - - - -1 s - 11 - - - - - - - - - 4 D 71
Prunella vildgaris B - - B - - - 1 D 21
Meutha aquaticatarvensis - - - - - - - - - - 4 - -2 - -1 = - = = - - 3 D 25
Hyoscxans niger G m o e B omom ] e o=w o= B F O @ & S o= om & e = & 1 D |
Solannm dulcamara B - - - -1 - - -1 - - - - 2 D 2
Solanun nigrium R | 1 - - R 3 D 4
Odontites vernus R T T T T T T T SRR T | D 10
Plantago major 6 -1 5 6 6 6 4 1 - - 6 155101 -31 -3 222 1 D 1043
Plantago maritima 8 - - 81 6 5 - - 71 - 7 86 25 -3 -3 3 31 17 B 7661
Sambucus nigra T - - - 200 - - - - - - - - 3 D 6
Dipsacus fullonn 2w wm w & e o= - - - - - 5 8 = 5 & & - - - | D 1
Compuositae N - T T T 1 D 6
Aster tripolimn 61 -8 - -6 41 72 4 664 26 23 - - 222 19 B 6119
Bidens tripartita S T - - - - - - - - - - | D |
Matricaria maritima 9 -2 - - - 64 - 62 10 76 51 -4 3 13 - 22 17 D 21014
Muatricaria recutita e - -5 -3 - - - - - - - 2 D 94
Curduus crispus A N T 2 D 5
Cirsinm - - - - - - e - - - - - - T N | D 1
Cirsitm arvense B S S 3 D 44
Centaurea cyvanus e T T e S - | - - 2 D 3
Leontodon amtnmnalis =2 = = & = = 2 - 3 - - -2 41 4 - - -2 2 2 - 10 D 9§
Leontodan saxatilis - - - - - - - 4 - - - S “ = = ca s e o= 1 D 14
Sonchus arvensis s -1 -4 - - - - 4 - 8 6 4 4 - -1 11 - - 2 - 12 B 3476
Sonchus asper .- - -4 2 221 4 - 6 6321 -1 - - - -2 - 12 D 407
Sonchus oleracens S5 - - - -2 -1 - - - S e -1 -0 - 6 D 100
Trielochin maritima 9 6 610 7 810 4 5 8 S 6 109 8 4 7 6 5 2 4 4 5 4 24 B 108499
Potamaogeton pectinatus - - = = - - - - - 3 - - - - - - - - - | D 8
Juncus -2 - - - -6 - - - 5 6 - - - - 1 - 3 3 9 B 1618
Juncus acuttartic dbulb. T - - - R - - - 1 D 1016
Juncus bufunins - - - - -5 -6 - - - - - -4 -1 - - S 4 4 8 D 319
Juncus gerardi 10 - 10 8 910 9 9 10 8 10 101010 710 8 8§ 6 &8 6 8 7 22 D 5548997
Gramineae 2 - - 4 2 4 - 4 - 4 4 2 4 - 4 4 - - | 1 - 2 14 D 234
Festiea rubra -2 - 54064 - - 71 - 6 5 6 6 1 2 - - 4 22 16 D 1851
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Table 3 (Continued).

R.T.J. Cappers

Taxon Sample

3045 6 7 8 91317 1821 22 24 31 34 38 39 44 45 52 53 54 55 S8 F P N
Lolinm = e B E R & B e omom = = oE s & B R B E W W E = | D 6
Lolitm perenne - - -5 s omomoE BB % B o®m 2 & = o8 = 3 3 B e | D 57
Poa annita = s s o= 4 e 4 e w0 m o= e 3 o= 3 e § = - 2 - = 7 D 583
Poa palusiris - - - - e e - - - - - T - 1 D 6
Poa praensisitrivialis - - - - 77 -3 - 5 - - 4 4 4 - 6 = 2 = 2 4 = = 11 D 2360
Puccinellia - - - - - s o owm o ow owm om om w owm & w & & = = | D 16
Puccinellia distans S5 - -6 2 - 4 3 1 - - 6 5S4 - - - - -4 -3 - 12 D 654
Puccinellio maritima - - - 6 -6 - - - - = d 4 = & &8 & = | 5 o= 6 D 432
Cyunosurus cristanis I A = ® o & o B @8 & @ @ » & & @ 1 D 2
Bromns 1 - - - - - - - - = = - = w e T [ = = 2 D 2
Bromus hordeaceasisecalinns - - = - Z = oo owm ow ow = - = & « = = = ® 1 = 1 D 1
Elvmus atliericustrepens 2 2 2 - 4 - 4 -1 - - 6 5 4 2 - 421 - - 21 - 15 D 618
Elymus caninns - - - = = - - - 5 = s = s B s = E = = | D |
Hordeum - - - - - - - - = = 1} - w m w & m w = x = = | D 7
Hordenm vulgare 125 - - - - 4 - 61 s 402 e 2 0l = = = 1 41 15 B 2659
Avena - -1 -2 - - - - 2 - % s = ® J = & = ¥ # 4 D 9
Holcus lunaws s W= om o= o om o om ow om W w2 om m w wm e - | D 19
Agrosiiy 72 110 8 9 9 4 - 10 6 9 9 8 4 7 -S4 6 6 4 4 22 D 72726
Alopecurus geniculas - - - - S OB B s m o m o omow B R B oW owos [ oS | D 1
Pluragmites auswralis - - - - - 6 -1 s 8 = S A = w §f = s & 5 = 8 D 521
Damblionia dectmbens - - - - - - - 6 - — - = = - e a w w 2 W om | D 144
Gramineae trib. Cerealeae - - = = = = = - - S - L T 5 & = | D 1
Scirpus lacusiris ssp. tab. - - - - =2 - - - 3 & - s =2 3 & 5 @ @ & = = = = 2 D Il
Scirpus maritinuis 2 - 2 43 2 6 1 4 - 4 5 S 3 - -2 1 -1 -1 1 17 D 422
Lleocharis palustris - - Y | ] = = 33 « - = s W W = = » 5 D 141
Eleocharis quingueflora 2w m o A R B s e owm omomom =S A S & OB B | D 8
Rinvnchospora alba ¥ ow om o B W e 2o & 3 =250 = 3 3 & 8 % @ & | D |
Carex acualnigra BoE owm e om ow o G oW omowm o m Row o ow S ow om & B & e o= @ 2 D 151
Carex cuprina o e 4 D 32
Carex distans - - - - - - 4 - vy o w %I B & 2 w = = = s @ = 4 D 45
Carex disticha S £ & - 4 = & 5 & & = ® w 1 D 19
Carex flavatlepid.foederi - - - - - - -6 5 owm ®m mom & W W B & B & & @ e ] D 292
Carex ovalis  om @ om o= om0 m wm w m o e e w e R Em & m w w 2 D 5
Carex panicea = % B % P E D § omeoe wm o om i A & e B S B S W | D 14
Carex riparia ¥ % % =2 4 = @ & % =8 ¥ 3 & =2 2 3 84 w & 5 2 s & 2 D 54
Carex subg. Curex - - - - w ey om omowm D om o o @ ow @ m m S & e 2 D 21
Carex subg. Vignea - - - - - - - T T I ] D 1

Table4. Taxaof Heveskesklooster preserved by uncharred macro-remains from period 3 and 4.

of plant parts. For other abbreviations, see table 2.

F.Sample frequency: P. Plant parts:N. Total number

Taxon Sample and period

| 20023 32 47 48 49 50 SI 56 57 59 43 46 F P N

3 3 3 3 3 3 3 3 3 3 3 3 4
Salix - - - - - - E - - 1 - - - 2 2 O 3
Salix viminalis - - - - - - - 4 6 - - - - - 2 B 139
Bewla - 4 - - - - - - 4 - - 4 - 3 D 87
Bewda pendnla - - - - - - - s = - - 4 1 B 49
Bewla pubescens - - - - - 6 - - - - - - - - | D 197
Quercus - 4 - - 4 - - - 3 - - - S 4 O 116
Ficus carica - 6 - - - - - - - - - - 3 8 3 D 2236
Humulus lupulus - 4 - - - - - - - - - - | D 1S
Cannabis sativa 4 3 - - 2 - - -4 1 2 2 2 3 9 D 74
Urtica divica - 6 - - 3 - - ; 4 - - - 6 7 5 D 113
Urtica urens 6 - 2 - S - 3 4 6 6 4 2 5 6 11 D 952
Polygonum - - - - 6 = - - - - - | D 468
Polvgonmon aviculare 7 5 6 5 7 2 6 6 5 6 4 4 S S 14 B 2909
Polygonmum convolvulus 6 - - 2 - 4 1 1 1 - 6 7 D 418
Polygomun hydropiper = - - - - - - - - _ = . 5 | D 64
Polvgonun lapathifolinm 8 5 - 6 9 3 6 6 4 4 3 4 5 7 13 D 12268



Table 4 (Continued).

Botanical macro-remains of Heveskesklooster

123

Taxon Sample and period

1 2 23 32 47 48 49 50 51 56 57 59 43 46 F P N

3 3 3 3 3 3 3 3 3 3 3 3 4 4
Polygonum minus - - - - - - - - - - - - 4 1 D 14
Polvgonum persicaric - - - 3 - - - 3 - - - - - 6 3 D 216
Fagopyrum esculentum - - - - - - - - B - - 3 I D 7
Rumex 2 - - 1 - 4 - - - - - - - 3 4 D 24
Rumex acetosella - 6 - - 5 - 5 - - - - - 6 8 S D 2598
Rinmex crispus 7 - - - 7 - 6 6 7 4 4 3 4 4 10 B 2779
Rumex livdrolapatlnm - - - - - - - - - - - - - 1 1 D |
Rumex maritimus 4 - - - . - - | 3 - - - - | 5 D 637
Rumex obtusifolins 4 - - - - - - - - - - - 4 2 D 45
Chenopodiaceae - - 4 - - - - - - - - - - - 1 D 37
Beta vulgaris - - - - - - - 2 - | - - - - 2 D 3
Chenopodium album 3 6 4 - 9 4 9 6 6 4 4 5 6 R 13 D 18294
Chenopodium ficilolium - - - - 6 4 - 3 - - 4 - 2 S D 178
Chenopodinm: glavcumirubrum - - 4 - S - - 5 S 4 3 - 7 4 8 D 938
Chienopadium hiybridum - - - - - - - - - - - - 1 | D |
Awiplex litedprostrata - - 2 4 3 - 4 - 1 - | - - - 6 D 66
Atriplex patulalprostrata 10 6 7 8 8 2 10 6 7 5 6 6 7 6 14 D 31527
Salicornia cnropaca s.. - - 8 7 - - - - -5 3 4 4 - 6 D 2568
Suaeda maritima - 4 6 7 - B - - 2 4 4 - - 7 D 1048
Arcnaria serpyllifolia - - - - - - 4 - - - - - 1 D 14
Moclwingia trinervia - - - - - - - - - 3 - - - = 1 D 9
Stellaria graminea - - - - - - - - - - - - - 3 | D 6
Stellaria media 8 1 2 4 6 2 10 8 6 6 4 4 6 6 14 D 17994
Stellaria uliginosa - - - - -4 - - - - | D 46
Cerastinm arvenseifontannm - - - - 8 - - 7 4 S 2 - 6 | 7 D 2663
Suagina - - - - - - 6 8 - - 8 3 D 3349
Sagina apetalalprocunibens - - - - - - - - - - - - - | D 271
Scleranthus annuns - - - - - - - - - - - - - 5 1 0 58
Spergula airvensis - - - 4 - - - - 2 - - = - S 3 D 112
Spergularia maritimalsalina - 110 6 - - 6 4 3 6 4 - 6 3 10 D 21345
Lyclmis [los-cuculi - - - - 6 - - 4 - - - 5 - 3 D 395
Agrostenma githago - - - - - - - - - - | 3 2 D 1926
Silene divicu - - - - - - - - - - - - - 4 | D 15
Silene latif. (ssp. alba) - - - 4 - - - - - - - - - 4 2 D 38
Sileue vulgaris - - - - - - - - = = - - s 6 | D 112
Suponaria officinalis - - - - - - - - - - - - - 2 1 D 3
Ceratophyllum demersum - - - - - - - - 2 - - - - - | D 2
Nigella arvensis - - - - - - - - = - = - - | | D |
Ranunculus flanunula - - - - S - 4 6 4 6 4 4 - - 7 D 736
Ranunculus repens - - - - 4 | - 5 3 4 2 2 4 3 9 D 214
Ranmnnenlus sardous - - - - - - 4 - 2 | 2 2 4 4 7 D 93
Ranunculus sceleratus - 1 - - 8 - 4 9 5 4 2 - 4 4 9 D 7012
Rammeulus subg. Batrachimm 4 - - - - - - - 4 3 2 7 - - S D 621
Ranunculus subg. Ranunculus - - - - - - - - - - 2 - | D 3
Aquilegia - - - - - - - - - = - = - | | D |
Papaver argemone - - - - - - - - - - - - 4 | D 41
Papaver sommifernm - - - - - - - - - - - - 6 1 D 171
Chelidonium majus - - - - - - - - = - - = = 1? 1 D |
Ceratocapnos claviculata - - - - - 2 - - - e - = - - 1 D 2
Cruciferae e - = -3 = = = = = - - 4* 2 D 52
Descarainia sophia = - - = s % - = = = " A - 3 | D ]
Barbarea vulgaris = = = = - = = = & - = @ | | D |
Berteroa incana - - - - - - - - - - - - - 4 | D 30
Cochlearia officinalis - - N s & - | & % # = 3 = | D |
Cuamelina sativa - - - - - - - - 2 2 - - - 3 3 D I
Neslia paniculata - - - - - - - - - » - - - 4 | D 17
Cupsella bursa-pastoris - 6 - 6 - 4 - - 3 5 S 4 3 8 D 634
Thilaspi arvense - - - - 3 - - - - - - 4 2 D 30
Lepiclium campestre - - - - - - - - - - - 2 | D 5
(& Oronopus Sqididins - 1 - - - - - - 3 - - Y = = 2 D 8
Brassica nigra 4' 7 - - - - - 8 7 4 - - 4 6 7 B 3044
Brassica rapu - - - b} 8 2 - 4 4 12 - 2 4 9 D 2870
Sinapis arvensis 8 2 4 7 9 310 7 6 4 3 2 5 6 14 B 32893
Rupitanus raphanistrim 5 2 - - 2 2 4 6 6 4 2 6 6 11 D 804
Ribes nigrum - - - - - - - - - - - " - 6 1 D 247



124 R.T.J. Cappers
Table 4 (Continued).
Taxon Sample and period

| 2 23 3 47 48 49 50 51 Ss6 57 59 43 46 F P N

3 3 3 3 3 3 3 3 3 3 3 3 4
Rubus [ruticosus s.1. # - = = - 3 - - - 4 - 2 - 2 4 D 6l
Rubus idacus & ¥ - - - 2 - - - 2 - - - 4 3 D 18
Potentilla anserina = - = 4 3 3 3 6 4 3 3 - 6 2 10 B 454
Potentilla erecta - - - - - - - - - - - - - 3 | D 7
Fragaria vesca - - - - - - - - - - - - 4 | D 22
Malus syIvesiris " ” 2 - - - - - - - - - 6 2 D 146
Prunus cerasus - - - - - - - - - - - - 6 | D 104
Prunus domestica ssp. ins. - 2 - - - - - - - - - - - 4 2 D 14
Vicia - - 2 - - - s - - % - - - - | D 4
Vicia fuba var, minor 6 4 4 - 5 - 4 2 2 1 - - 2 - 9 D 521
Vicia sativa - - - - - - - - - - - I* 1 D 1
Medicago lupulina - - - - 5 - - 4 - - 4 - - 2 4 D 123
Trifolinm 4 - - - - - 6 - - - - 4 - 3 B 473
Trifolimm campesire & - - - - - - 3 5 6 3 2 6 - 6 0O 807
Trifolimm praiense = - = - - - - 5 - 4 - - 8 - 3 0 1648
Trifolinm repens & - 1 4 4 - 4 6 3 4 2 2 8 2 11 B 3325
Limuan usitatissinuim s = - - - - 6 6 6 6 4 - - | 6 D 762
Euphorbia helioscopia | * - 4 1 - - 3 2 - - | - - 6 D 28
Vitis vinifera - 4 - - - - - - - - - - - 5 2 D 75
Ruta graveolens - - - - - 5 s " % 5 = - - 2 | D 4
Mualva neglecta s - - - - - - - 1 - | - - - 2 D 2
Althaea officinalis # - - - - - - - - - - - - I | D |
Viola - - - - 1 - 2 - - 4 1 3 - 4 6 D 55
Myriophyllum verticillanm # - ) - - - - - - - - - - | | D |
Umbcelliferae - - - - - - & = o - g 5 “ 2 | D 4
IIydrocotyle vulgaris - - - - - - - 4 - 6 6 3 - - 4 D 226
Coriandrum sativum - - - - - - - - - - - - - 1 | D |
Ocnanthe lachenalii - - - - - " - = 3 - | . g - 2 D ]
Foceniculum vulgare - - - = - - - - " o - . - 2 1 D 3
Anethum graveolens - - - - - - - - - = = = - 2 | D 2
Conim maculatum - - - - - - - 6 6 2 - | - | 5 D 540
Bupleurum rotndifolinm - - - - - - - - - - - - - 4 | D 23
Apiwm graveolens - | - - = - - = 2 - = 5 = - 2 D 4
Petcoselinum crispum # - - - - - - - - - - - 3 4 2 D 26
Pastinaca sativa - - - - S - S 4 4 & - " % “ 2 D 29
Daucus carota - - - - s “ “ - s | = g - 3 2 D 1
Erica tetralix - 5 - - 6 6 - - 6 6 3 - - 6 7 B 1130
Calluna vulgaris & 4 S - - 4 - - | 6 2 - - - A B 463
Vaccinim - - - - - - - - - - - - 6 | D 221
Glaux maritima - - 4 6 - - - - - 4 2 - 4 - 5 B 194
Armeria maritima = = - - - - -3 3 - - 2 0 15
Menyanthes wrifoliata - - - - | = = - _ & = & - = | D |
Galinm aparine 1 4 - - 2 - 6 3 5 2 - - 3 4 9 D 405
Galium palustre = - = - - - - B -2 - - - 3 2 D 8
Buglossoides arvensis - - - - - - - - - - - - - 6 | D 258
Lchinm vulgare - - - - - - - = % % & . ) | D 2
Myosotis 4 - - = 5 & 6 % s 2 = g 3 4 D 314
Labiatae - - - - - - - - - - 2 - - 3 2 D 12
Galeopsis biffspec.lietr. 2 = % = 1 - - 2 2 - 1 2 3 6 8 D 224
Laminm amplexicanle - 4 - - = = “ 4 4 2 s - 2 4 D 49
Lamiwm purpurenm 6 1 - < 3 = 6 - 4 < 3 3 & 3 3 D 424
Stachys palusiris 4 - | 5 5 o 5 - 2 2 2 - & = 7 D 177
Glechoma lederacea - - - - - = - 4 5 5 o " - = | D 12
Prunella vulgaris 5 - - - 6 - S 6 4 6 4 4 - 2 9 B 1011
Hyssopus officinalis - - - - - = = - = = . B | 1 D |
Mentha aquaticalarveasis 6 - - - 6 = i 4 4 3 s - = 3 7 D 906
Salvia verticillata - - - = 2 ® % % . - s 4 | D 15
Solanaceae - - - - - = “ - & - = = s | | D |
Atropa bella-donna - - - - = = 2 " = - = s g 2 1 D 2
Hyoscyanus niger - o % - - - - 4 2 b 3 - 4 4 6 D 117
Solamun dulcamara - - 4 - - - = - = - 2 3 = - 2 D 19
Solanum nigrum - 5 - - - “ - 4 2 3 3 2 4 4 8 D 130
Scrophularia - - - - - - = & & = “ s 1 1 D 1
Veronica hederifolia - - - - - - 4 < ~ - = - - - 1 D 36
Odontites vernus - - - 4 - - - 4 | 4 3 - 4 s 6 D 116



Table 4 (Continued).

Botanical macro-remains of Heveskesklooster

125

Taxon Sample and period

| 2 23 32 47 48 49 50 S1 S56 57 59 43 46 F P N

3 3 3 3 3 3 3 3 3 3 3 3 4 4
Rlinanthus - - - - - - 4 6 4 4 1 4 4 4 8 D 242
Planiago lanceolata - - - - - 6 - - 3 - 3 - 1 4 D 343
Pluntago mdajor 6 5 4 - 9 - 8 4 4 5 4 4 4 4 12 D 9324
Plantago maritima - - 4 6 3 - - | 3 S 2 - 6. - 8 D 523
Sambucus nigra - - - - - - - 4 4 2 2 - - 4 S D 77
Valerianella dentata - - - - - - - - - - - 4 1 D 48
Knawia arvensis - - - - - - - - - - - - 2 1 D 4
Compositae - - - - - - 4 - - - - - - - 1 D 42
Eupatorivin cannabinim - - - - - - - - - 2 - - - 1 D 3
Aster tripolium - 4 4 6 - 4 - 4 4 S 2 2 6 2 I D 518
Bidens wripartita 6 - - 2 3 - 4 3 [ - - - - - 6 D 260
Anthemis arvensis - - - - - - - - - - - - - 5 1 D 68
Anthemis cotda - - - - - - - - - - - - 6 | D 139
Anthemis tinctoria - - - - - - - - - - - - - 1 | D |
Achillea millefolimn - - - 6 - 9 - - - - - 2 B 6026
Muatricaria maritima S - 4 - 3 - 7 4 6 - - 2 - - 7 D 1039
Muatricaria recutita - - - - - - 7 - - 3 - 4 - 3 4 D 768
Clivsanthemum segetum - - - - - - - - - - - - 4 I D 41
Artemisia vulgaris 6 - - - - - - 8 8 - 4 - - S B 3713
Senccio viscosus - - - - - - - -6 - - - - 1 D 108
Senecio vulgaris - - - - § - - - - - - - | D 85
Arctium 2 2 - - - - - 4 6 2 - 1 1 1 8 B 152
Carduus crispus - - - - - 1 6 - 2 2 - - - 4 5 D 142
Cirsium arvense - - - - S 1 7 6 4 4 2 3 - 3 9 B 961
Cirsium vulgare 4 - - - 3 1 6 - | 2 - 2 - - 7 D 165
Silxbum marianum - - - - - - - - - - - - - 2 I D 3
Centaureda ¢yanus - 4 - - - - - - - - - - 4 7 3 D 770
Cicliorium intybus - - - - - - - - - - - - 3 1 D 9
Arnoseris minima - - - - - - - - - - - - - 4 1 D S50
Leontodon auttinnalis 4 - - 1 4 - 4 S 4 4 3 3 6 2 I D 390
Leontodon saxatilis - - - - - - - 6 S 6 5 4 - - 5 B 488
Sonchus arvensis 9 - 4 ) 8 | 9 4 5 3 3 2 - 3 12 D 14515
Sonchus asper 8 - 1 - 8 I 10 6 5 5 3 4 - 3 I D 17319
Sonclus oleraceus 7 - - 4 6 - 8 6 6 2 3 2 3 | I D 4256
Taraxacum officinale s.1. - - - - - 4 4 2 - - - - - 3 D 27
Lapsana communis - - - - - - - - - - - - - 3 | D 8
Alisma lanc.iplani.-aq. - - - - - 4 - - - - - | D 12
Triglochin maritima 5 5 S 9 6 - 4 8 4 6 6 6 8 4 13 B 16664
Triglochin palustris - - - - - - - S - - 3 - - - 2 D 88
Potamogeton pectinatus - - - - - - - - - 2 | - - 2 D 6
Potamaogeton pusillus - - - - - - - - - - 2 - - | D 2
Ruppia maritima - - - - - - - - - 4 - - 2 D 25
Zamichellia palustris - - - - - - - - - 3 - - - - | D 9
Zannichellia pal. ssp. ped. - - - - - - - 2 - - - - - | D 5
Juncus - - - 2 4 - 8 2 2 I - - - 6 D 4732
Juncus acuttartic.tbulh, S - - - 8 - 6 10 8 10 9 - - 6 8 D 89885
Juncus bufonius - - - - - - 6 -7 - - - 3 3 D 948
Juncus gerardi 6 7 10 10 10 8 9 10 9 10 10 10 10 10 14 D 197757
Graminceae 4 - - 3 6 - 6 6 4 6 1 - | - 9 D 1438
Festmca rubra - 1 6 - 3 - - - 3 1 - 10 1 7 D 11585
Lolium perenne - - - - 8 - 6 2 | 2 - - - 6 D 1667
Lolivm temulentum - - - - - - 3 - - - - - - - | D 8
Pou annua 4 1 5 4 6 4 6 4 4 4 4 - 4 3 13 D 880
Poa palusiris - - - - = 4 2 - # s & = e 2 D 44
Poa pratensisitrivialis 4 S 4 5 9 4 7 4 6 7 3 4 10 5 14 D 35536
Puccinellia distans 4 - - 4 - 4 - 2 - - 3 5 D 108
Puccinellia maritima - - - 5 - - - - - - - - - 1 D 77
Cynosurus cristatus - - - - 6 - 4 4 3 6 2 - - - 6 D 464
Apera spica-venti - - - - - - - - - - - - - 6 | D 168
Bromus hordeaceusisecalinus 2 - - | 4 - 4 S - ) | - - 4 8 D 250
Elymus athericusirepens - - 4 6 6 - 8 - 3 1 - 2 4 3 9 D 1733
Secale cereale - - - - - - - - - - - 6 1 D 400
Hordeum - - - - - - = s | s g & = | D |
Hordewmn vulgare 6 - 5 4 8 - 6 4 S - - - 2 S 9 B 2223
Hordewn valg. ssp. dist. - = - - - 7 - - - - - - 1 (0] 530
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Table 4 (Continued).

R.T.J. Cappers

Taxon Sample and period

| 223 32 47 48 49 50 51 56 57 59 43 46 F P N

3 3 3 3 3 3 3 3 3 3 3 3 4 4
Hordeum valg. ssp. dist./v. = - - - - - 10 - - - - - - - | (0} 12282
Avena 4 - - 3 6 - 8 3 1 - 1 - - - 7 D 3883
Avena fanma - - - - 6 - 6 4 - - - - - 3 B 472
Avena sativa - - - - 7 - 6 1 - - - - 4 O 959
Holcus - - - - = - 4 = - = = = = - | D 21
Holcus lunatus - - - - 7 - 4 5 -6 4 - 4 6 D 937
Agrostis 8 5 d 8 9 - 9 10 8 8 6 4 8 8 13 D 37733
Alopecurus geniculatus - - - - 6 - 6 6 4 5 2 6 - 7 D 853
Phragmites australis - - 3 4 - - 4 4 4 - - - - 3 6 D 102
Danthonia decumbens 4 - 4 - 6 8 4 6 5 5 - - 8 B 2267
Panicum miliaceum - - = = = = = - 4 | D 25
Setaria pumila - - - - - - - - - - - - - 5 1 D 66
Setaria verticill.iviridis - - - - - - - - - - - - | 1 D 1
Gramineae trib. Cerealeae - - - - - - - - 2 - - - - - 1 D 2
Lenma - - - - - 4 - 7 - - 2 - - 6 4 D 1067
Lemua minor - - - - - - - - 1 - w - " % 1 0 1
Lemna trisulea - - - - - - - - - | - - - - 1 (0] 1
Typha angustiflarifolia - - - - - - - - - - - - 4 - 1 D 46
Scirpus lacusiris ssp. tab. - - - - - I' - 4 2 - 2 4 - | 6 D 40
Scirpus maritimus 4 - 3 4 - 1 5 4 4 4 4 6 3 4 12 D 565
Scirpus rufus - - - - - - 5 - - - - - 1 D 51
LEriophorum angustifolivin - - - - -2 - - - - - - - - 1 D 2
Lriophorim vaginatum - & - - - 3 - - - 2 - - - - 2 D I
Eleocharis palustris 4 5 - - 6 | 4 10 4 6 6 8 4 4 12 B 15923
Eleocharis quinqueflora - - - - 3 - - 8 2 4 4 - - - 5 B 2100
Carex acutalnigra 4 S - - 6 - 4 8 4 5 5 3 ) 4 Il B 2777
Cuarex acutiformis - - - - - - 4 - - - - - - 1 D 12
Curex cuprina 4 - - - 2 6 4 2 2 1 - 4 - 9 B 364
Carex diswans - - - - - - 2 4 4 4 - - 4 5 D 103
Curex divulsa - - - - - - - -2 - - - - - l D 2
Carex extensa - - - - 4 - - - - - - 4 - - 2 D 54
Carex fluvallepid.locderi - - - - 4 4 4 8 5 6 6 5 4 4 10 B 2402
Curex mvalis 4 - - - 7 - 6 8 4 4 5 5 3 2 10 B 4506
Carex panicea - - - 4 2 4 8 3 5 4 2 3 | 10 D 1852
Carex paniculata = - - - -4 - - - - - - - - I D 12
Curex pilulifera - - - - - - - - - 1 - - - - 1 D 1
Carex pseudocyperus - - - - - - - 3 - - & - - 1 D 6
Carex riparia - - - - - - - - - 1 - - - - | D 1
Curex spicata - - - - 4 - 4 5 12 - - - - 5 D 128
Carex subg. Carex - - - - - - - - 4 4 4 - - - 3 D 48
Curex subg. Vignea - - - - - - 4 - | - 2 - 4 - 4 D 99
Aframonmum melegueia - 1 - - - - - - - - - - - 4 2 D 13

Table 5. Taxa o f Heveskesklooster preserved by charred macro-remains o f periods 1-4.

plant parts. For other abbreviations, see table 2.

F. Sample frequency; P.

Plant parts:

N. Total number of

Taxon

Sample and period

10
1

I
1

12
1

14
I

15
1

30

33

40 41

Quercus

Polygonaceae
Polygonum aviculare
Polygonum lapathifolium
Rumex crispus
Chenopodiaceae
Chenopodium
Chenopodium album
Chenopodium ficifolium
Atriplex patulalprostrata
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Table S (Continued).

Taxon Sample and period
10 11 12 14 27 30 33 35 36 37 40 41 3 4 5 7 9 13
1 1 1 | | 1 1 1 | 1 11 | M2 2 2 2 2 2

G
o
)
S
)
[

Salicornia europaea s.l. - - - - - - - - - = m w3 wm wm m ow = o mosowm &
Suaeda maritima " - - - - = = % = = 4 2 B 5 s . 3 & s om % -
Stellaria - B - - - - - - = = = £ = - g o " < - - - -
Stellaria media - - - - - -1 - - ~ - - o= < - - - - = = I =
Ranunculus flammula - - - - - - - - 3 s 1 & & a B oA B OB m & m &
Ranunculus repens - - - - - - - - - T
Sinapis arvensis - - = = ow o= o= - T | i =2 =2 =
Raphanus raphanistrum - - - - - - - - - & & B & 2 5 E = - = = 8 %
Potentilla anserina - - - 2 & & = = & = - SR | % s - s s -
PisumlVicia - - - - - - - - - = = - = < S . - = e g "
Vicia - - R - S T S T SR S S
Vicia faba var. minor - - - 3 S = = = = = s = 3 = = . = & w = -
Vicia sativa - - - - - - - 1 - = - = = = - m = - - - - B
Medicago lupulina -
Erica tetralix 5

Calluna vulgaris 6 - 4
Oxycoccus palustris - -
Empetrum nigrum - - =
Galium aparine - - e 5 = m om & & = w = s s m -
Lamium amplexicaule - - - - - - - - - w  w o 2 = e ke = =B s
Stachys palustris - - - - - - - - g & 2 g 2 =2 &8 B - = & = &
Plantago lanceolata - - - s & & = = = = = 5 = = s 1% & - s o -
Plantago major - - - s s = = = = 4 = s = a ¢ = - s - - - -
Sambucus nigra - - - - - - - - 2 w wmr m = e = S BB 2 €
Compositae - - - - - - - - - - = o o & : B s s 2 & = =
Matricaria maritima - - - = = - = = = = = = = 3 5 = s ¢ 3 = o= -
Arctium - - - - - - - = = - = ¢ = s = o < = - - - -
Leontodon saxatilis - - - - - - - - = - = - - - - - Z B B =
Sonchus arvensis - - - = = w = o = s & 2 Z 2 B & B £ # # B &
Sonchus oleraceus - - s s s = = = | B T T
Triglochin maritima - - - - - - = - = = = - = - - - - - - - -
Juncus - - - - - -
Juncus gerardi - - - - - 7 - 4 & s = 4
Gramineae - - - - -1

Festuca - - - - - - - -
Festuca pratensis - - - - - - - 5 z 2 s s
Festuca rubra - - - = = - 2 = 2 = = = 3 = s = = 2 5w -
Lolium - - - - - - - - - = - e - & o= < - - - - -
Poa - - - - - - - - - - - - - - - - - - - - - -
Poa annua - - - - - - - - 4 - = - 3 = & % = = & = = s
Cynosurus cristatus - - - - - - e - - . wm o= om owm m w s e w w W =
Bromus hordeaceus/secalinus - - - - - - - | = - - o am wm s e = = =2 =& B
Elymus = = s & = & & 8 = € ¥ e & = = = & & @ ® ® F
Elymus athericusirepens - - - - - - - - - S T
Triticum aestivum - - - - - - - - - - - - - - - - L = B 5
Hordeum vulgare -3 - -1 - -2 2 4 4 1 4 3 -3 6 2 3 2 2 2
Hordewm vulg. ssp. dist. - - - - - - - 5 T T T S R
Hordeum vulg. (nudum) - - - - = o - - - - - - - - - - - - - & ® =
Avena - - A - = & 2 2 2 5w = B & & ® 3
Avena fatua - - - - - - - - - - = = = “ s = . . s e s -
Avena sativa - - - - - - - - - = - - = ” - s - - - - - -
Agrostis - - - - - - - & 8 = = PR 2 = B 2 a s B & =
Phleumn - - - - - - - - = = = s = - 5 = - - s oW = s
Dantlionia decumbens - - - - - - - - = - - - " - - - - - - - B
Gramineae trih. Cerealeae - - - - - - = - = - = = = o s s - e -
Scirpus maritinues - - - - = - - - = & 5 1 - - - - - - - - N -
Eleocharis palustris - - S - - - 5 2 B & B = 5 ® & ® B
Eleocharis quinque flora - - e - - wm owm ow om om om A m ® m W =
Carex acutalnigra - - o e e e e - S ..o Lo
Carexdistans - - - - - - - - = = & 3 & 4 B B 5 5 = & & =
Carex flavallepid.Joederi - - e - - - ¥ ®m m ® = 0w s & m w @
Carex panicea - - - - - - - - = - - = o . . o - - .- - -
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Table 5 (Continued).

R.T.J. Cappers

Sample and period Taxon
18 22 24 31 34 44 45 52 53 55 | 23 32 47 48 49 50 51 56 57 59 43 46 F P N
2 22 2 2 2 2 2 2 23 3 3 3 3 3 3 3 3 3 3 4 4
R 5 ® o o®m wom ow o= o= = = & ® | O 2 QUERCSP
s E oE Em s e W W m m 2 5 w o= ow & B e wm o= = = | D 11 POLGOAE
= = B = ] & = w & = = - = = = =« = 2 2 4 - - 1 8D 34  POLYNAV
s = = 2 & = & & ® & = & @& = = & &~ | I = & = % 3 D 4 POLYNLA
S = m = w @ = 4 @ = » & = | B 11 RUMEXCR
= s B e = & % A e s @ & s wm os oW w o= m o w = 2 D 19  CHENOAE
s wm w @ & W o= o A @ « o m o= = om = wm o= = = = | D | CHENOSP
2 s o2 & = om & & & = s ® % & = % 2 & = = = 1§ S5 D 10 CHENOAL
R . T T R R R = = & = owm w owm o= o= = o= & | D 24  CHENOFI
4 6 6 2 - -1 - -1 - 2 - - - - - 4 - 4 - - -16 D 637  ATRIPPP
T A T s ® = oF =% & » & = #= & = | D 7  SALICEU
e T T A - - - - - - - -2 - - - 50D 32 SUAEDMA
5 omE m s w wm W R W B = @& = w = I = = = # &2 & | D | STELLSP
s ®m oz F O®E = B s w & = % w = = 9w o= 4 & » & = = 2 D 40  STELLME
o m & @ e e = W % @ s« & & = = - 3 = = = « = | D 6 RANUNFL
s T & B R G @ & W W 8 ©= = & = = - 2 = = = = = 1D 2 RANUNRE
= - = = 2 - - < = -1 - - - - - - 4 2 - - - - 6 B 37  SINAPAR
s o e e wm w wm e wm s 2 & & @ - 2 @ = = = = | D 2 RAPHARA
s B & o & e & W & s s & B & = - 2 = = = = = 2 D 3 POTENAN
5 wm o= B om E W s & W s % = = om m ow o= = o= & = B 1 D I PISXVIC
s w E om w ow w @ e W I = 5= == #» = % = s = = = 1 D 1 VICIASP
- - - -1 - - - - -2 -1 - - - -1 - - - - - 50D 6  VICIAFM
= e = = = s = s = = 4 - - - - - -2 - - - - - 3D 21 VICIASA
s wm & =2 & E OB 2 @ W = s = = & = # | = = # = = | D 1 MEDICLU
- - - -1 - - e e e - - -4 - - -3 - - 4 4 8O0 203  ERICATE
5 B O o B B o= & - - - 8 - - - 6 - - - 6 8 O 256 CALLUVU
2R oE & & & B oW & % - = « 1 « « +« - - -« - - 10 | OXYCOPA
s w B A wm w w W e @ 5 % & 2 = = & m = = w & | D 4  EMPETNI
= D R B m & @ = S & s & om om owm = 2 ow - - - 1 D 4  GALIUAP
5 & & B & W & o s ® < =+ = = = = = 1 <« « = = 1 D I LAMIUAM
F @ = = wm & @ ® s o @ & & = = = =1 =1 < = = 2 D 2 STACHPA
e = = & == & =2 1L % = = = « | D 1 PLANTLA
= B o s R & B W B & = - = = = 2 = = 3 2 -« - - 3D 23 PLANTMJ
e e = e = ®m = = = I = = = = 1 D 1 SAMBUNI
e & &5 = B s @ & & @ = - - - - - -4 -4 - - - - -1 D 19 COMPOAE
R R T T T 3 - - - - - - - - - - 2D 17  MATRIMA
2 & & = oe B ® & & &5 @ # m o= & = = ko= s & = = | D | ARCTISP
= B & B ® & W w = & s # & wm %w % - 3 = 2 = = < 2 D 10 LEONTSA
R N - = « = = -3 - = < = - 1D 7  SONCHAR
= = & & B O W A - = = e om o= ) s = = o= o 2 D 2 SONCHOL
5 B 0w B oo®m @ % &% & @& @ “ & = = = = 4 -« - - = = 1D 12 TRIGLMA
- -3 11 - - - - - - 2 - - - - -5 1 - - - - 70D 112 JUNCUSP
= = o B & = oF om M = s - = e 5 = = = = = 2 = = 6 D 1015 JUNCUGE
- -2 -1 - - - - - - -2 - - - - 513 - -2 9D 84  GRAMIAE
R - = = = = & « = - = -1 2D 2 FESTUSP
e - = - « -« 4 4 < -« -4 - - 1D 2 FESTUPR
2 &5 & = @ = 1 & s » s - = & = & = = « = = = - 3D 11 FESTURU
¥ B o8 & & ® = & ¥ = & - % ® o= om o= = o om =% & = | D 3 LOLIUSP
2 R S D m wm = = B § 2 s = w2 - 4 = = = & = | D 17 POASPXX
R I T T T I - = =« & & &« = = = « - = 2D 31 POAANNU
E OB R B B B B & m = 3z 2 = &= = = = 4 = 2. 2 = = 2 D 4 CYNOSCR
v e m e om e w w w & s - = &« = = =« = = =+ = = = 1D I BROMUHS
2 m R om s = e = = & & - = - - - -+ 4 4 -4 - -3 1D 8  ELYMUSP
F B W OB o s & & % & & . 12 - - - - 3D 14  ELYMUAR
T L L - = « - -1 = = =« - - = 1D 1 TRITIAE
5 7 8 5 6 3 - 2 1 2 3 6 4 1 - - 2 8 6 S5 2 - 33 D 4462 HORDEVU
s & = & B 5 = e = = = s = om & & - 2 = = = = | O 3 HORDEDI
2 & = = | = = m = & = - = = = = = = = = = « = | D 1 HORDEVN
- - - -2 - - - - -2 -4 1 - - - 4 - - - - 7 D 48  AVENASP
© & W m o= m m wm = s s 5 W o o= oW - - - - - 1 B 22 AVENAFA
= = = =2 @m =2 =5 & =2 = = 2 2 2 B B B B 2 - - - 1 O 3 AVENASA
om & B @ ® om w8 = & - - - - -« - 6 - - - -3 3D 1770  AGROSSP
g 2B = E = 5 ®E ¥ ¥ B = & = = = = ® 3 = = = = = | D 6  PHLEUSP
B om B B m ® MW = = B - - - -« - -3 21 - - - 3D 10 DANTHDE
5 = ow 2 o5 1 = = = = 5 5 & = wm % = = = = = « = | D 1 GRAMICE
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Table 5 (Continued).
Sample and period Taxon
18 22 24 31 34 44 45 52 53 55 I 2 23 32 47 48 49 50 51 56 57 59 43 46 F P N
2 22 2 2 2 2 2 22 3 3 3 3 3 3 3 3 3 3 3 3 4 4
- = = = = e e s e = e s = o= om o= o2 o= s = | e = - 2D 2 SCIRPMA
- - - - - 4"+ - - - - - - - - - - -313 22 - 15D 2 ELEOCPA
s e e s - e - - - - - - - - - - - -2 - - - - - 1D 2 ELEOCQU
s e - - - 4 - - - - - - - - - - - -3 .2 . . .20D 10 CAREXAN
T N B S B o} I CAREXDI
s - - - - - - - - - - - - - - - - -4 -2 - . - 20D 14  CAREXFL
- - - - - - - - - - - - - - - .- -2 - - - . - 1D 4  CAREXPA

Salvia verticillata and Silybum marianum. In the
following paragraphs some of these species are dealt
with in detail.

The average number of taxa in 150 ml samples is
about half of the larger samples, but there is a
considerable overlap (150 ml: (1-)22(-42), s.d. 11
(N=16); 1-3 litre: (10-)50(-157), s.d. 31 (N=43)). The
small samples yielded 80different taxa, while thelarger
samples of corresponding periods 1 and 2 yielded 180
different taxa. Species found only in the small samples
are:Betravulgaris,Centaurea cyanus and Myriophyllum
verticillatum.

Of the 288 taxa that could be positively identified,
282 taxa were preserved by waterlogging and 72 by
charring. Only six species were found in a charred state
of preservation. They were: Festuca pratensis, Hordeum
vulgare ssp. vulgare (nudum), Oxycoccus palustris,
Pisum/Vicia, Triticum aestivum and Vicia sativa.
However, nakedbarley cannot be identified in uncharred
condition, which makes it uncertain whether to include
it on this list.

3.2. Wild plant species

3.2.1. Comparison of samples with respect to species
composition

The cumulative percentage of variance of the complete
data matrix without data transformation, explained by
the first four axes, varies between 13% for the one-
dimensional solution, and 45% for the four-dimensional
solution. Transformation of species data that include
both waterlogged and charred remains, reduces both the
total inertia, which is a measure of the total species
variance, and the percentage of species variance
explainedbytheseaxes(table 6). Astocharred remains,
data transformation reduces the percentage of species
variances too, but increases the total inertia (table 7).
Both logarithmic transformation and conversion to
presence/absence (1/0) cause loss of information, but
minimize the extreme differences between species
scores. Particularly whenthe 1 /0-transformationis used,
the percentages are relatively low and can be explained
by noisy species data (ter Braak, 1988). The extreme
differences in seed numbers have to be regarded as

Table 6. Summary of Correspondence Analyses of both waterlogged
and charred remains of Heveskesklooster.

Cumulative percentage variance Total
Axis | Axis2 Axis3  Axis4 inertia
No samples omitted:
1 No transformation 132 259 359 449 4.533
2 Ln-transformation  14.1 25.1 317 376 2892
3 O/1-transformation  11.2 19.6 250 29.7 3.376
Reduction of samples
and In-transformation:
4 >10 taxafsample’ 143 255 322 38.2 2.845
5 Small volume only* 14.6 274 39.1 47.6 1.495
6 Large volurne only* 14.7 262 332 394 2.764
7 Without period 4 13.7 214 287 349 2735
8  Without period
3+4 130 235 322 392 2.588
9 Without period
3+4 1.3 202 273 327 2351

' Samplesomitted: HK\O930 (No. 16),HK\1227 (No. 19), HK\I555
(No. 28) and HK\I961 (No. 42).

Volume: 150 ml.

Volume: >= 1 litre.

Samples omitted: HK\NO791 (No. 13) and HK\I489 (No. 27).

e W

Table 7. Summaryof Correspondence Analyses of charred remains of
Heveskesklooster.

Cumulative percentage variance Total
Axis | Axis2 Axis3 Axis4 inertia
No samples omitted:
1 Notransformation  14.7 29.0 43.1 55.2 6.557
2 Ln-transformation 1.1 21.3 30.2 38.2 7222
3 O/i-transformation 8.1 15.8 232 295 8.381

variations in dispersal strategies rather than species
abundance. Because the In-transformation reduces the
range of raw data counts without eliminating its
information completely, as is the case with a 1/0-
conversion, this transformation is used for analyzing
the samples.-

The elimination of both samples with less than 10
taxa and samples that were only investigated by small
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withoutsample HK\NO791 (no. 13) and HK\1489 (No. 27).

volumes, had little effect on the cumulative percentage
of variance when compared with the complete data set.
For that reason no samples were omitted in the analy-
ses.

Theordinationdiagrams are separately presented for
samples and species for reasons of readability (figs 7
and 8 respectively). To make a comparison between
these diagrams possible, a scaling of ordination scores
was chosen by which sample scores are weighted mean
species scores. Thus sample points are positioned at the
centroid of the points of species thatare present in them.
Each sample point represents the mean species scores of
all species of the sample concerned; its position in the

diagram measures the deviation from the mean species
scores of all samples which coincides with the origin of
the axes. Onthe otherhand, species points represent the
mean distribution of that particular species over all
samplesin whichitis present. Distances between points
can be interpreted only withrespect to either samples or
species. When samples are compared with species, the
distance of the projection from ob ject to vector must be
interpreted. Isolated samples in diagrams are characte-
rized by a different species composition, whereas spe-
cies positionedfaraway fromtheoriginare characterized
by species scores that greatly differ from the marginal
frequencies. The visualization of data in a diagram is
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limited to two dimensions and nearby points may in fact
be less close than suggested. The scale of the axes
corresponds with the sample and species scores, the
scale of the environmental variables is multiplied by
1000.

Some of the nominal environmental variables were
omitted: the location ‘terp top’ because collinearity was
detected whenfitting variable ‘refuse’, as well aslocation
‘beyond rerp’ and feature types ‘well’ and ‘others’ (viz.
posthole and well casing) for they had negligible
variances. The species composition of the samples is
determined by period and depth in particular, and by
location and feature type to a lesser extent, as can be
seen by both direction and length of arrow or position of
centroid of the environmental variables (fig. 7:A).
Especially sample HK\2098 (No.46) taken from aditch

dated to period 4 stands out by its isolated position due
to many species that were found in this sample only. In
fact, 19% of the taxa being part of the data matrix is
represented only in this sample. Many of these taxa are
weeds, partly occurring in winter grain fields (Seca-
lietea), such as Buglossoides arvensis, Knautia arvensis,
Lapsana communis, Neslia paniculataand Valerianella
dentata, and other taxa in fields of summer cereals and
rootcrops (Polygono-Chenopodietalia), such as C/ry-
santhemum segetum and Setaria verticillatalviridis. The
other sample of the last period, HK\I995 (No. 43), is
located neartheorigin thus indicating thatits composition
differs only slightly from the mean composition of all
samples, represented by sample HKN0735 (No. 12) ofa
waste layer and dated to the first period of habitation.
Species that are unique for sample HK\1995 are only
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Petroselinum crispum and Typha angustifoliallatifolia.
Its intermediate position is the result of different species
composition with respect to samples of the other three
periods. Samples of periods 1, 2 and 3 are grouped into
two clusters: the samples of the first two periods and
samplesofperiod 3. Environmental change, reflected in
species composition, would therefore have taken place
in-between the second and third habitation periods and
in-between the third and fourth periods, but less

information is available on the last transition. Although
sample HK\1671 (No. 36) isderived from considerable
depth if compared with the other samples (fig. 6), its
species composition differs only slightly from other
samplesofthe firsthabitationperiod,including HK\1670
(No. 35) collected from the same well.

When the two samples of period 4 are not included
in the analysis, the cumulative percentage of variance
and total inertia differs only slightly from the percen-
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tagesofthe complete data matrix (table 6). The majority
of the samples of the third period are located on the right
side of the second axis, while samples of the first two
periods are located on the other half (fig. 7:B). Four
samples of the third period take up a distinct position.
The two samples that originate from a well casing, viz.
HK\1294 (No.23)and HK\1584 (No. 32), are positioned
in the upper left quadrant and, therefore, resemble the
species composition of samples of the first two habita-

tion periods. Despite their dating, based on the stones
used for the construction of the casing, the soil was
probably mixed with the filling of the well when the
casing was constructed. The two other samples are
HK\0082 (No. 2) and HK\2284 (No. 48) and originate
from the moat around the church. In all, seven samples
were investigated from this moat. The species that are
responsible for the divergent composition of both the
samples are no specific water or riparian plants, but a
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mixture of trees (Betula pubescens, Prunus domestica
ssp. insititia and Quercus, as is the accompanying
Humulus lupulus), plants from bogs and peats (e.g.
Empetrum nigrum, Eriophorum vaginatum and Oxy-
coccus palustris) and food plants (Aframomum
melegueta, Ficus carica and Vitis vinifera).

Whenthe data matrix is reducedto species of the first
two habitation periods only, depth and period remain

the environmental variables with the most variance and
samples from both periods become visible as two more
orless separate clusters (fig. 7:C). Two samples take up
a remote position: HK\1489 (No. 27) and HK\0791
(No. 13). The former originates from a waste layer
dated to the first period, the latter is the only
representative of one of the five wells that have been
sampled ofthe second habitation period. As many as 29
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taxa were found in this sample which were not
represented in the samples taken from the other wells.
Its diverse composition points to the use of dumping
waste afterwards. The total number of taxa for the first
and second period is the same (N=121), as is almost the
number of unique taxa for each of these periods (period
1: N=37; period 2: N=39). When both remotely
positioned samples are omitted, it is shown that the
species composition of the other samples is mainly

explained by period and depth (fig. 7:D). The only
isolated sample is HK\N0735(No. 12), whichis positioned
in the origin of the two first axes if samples of the last
two periods are also taken into account (fig. 7:A,B).

3.2.2. Environmental factors and species
composition of samples

Separate species ordination plots are presented for the
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various classes of each environmental characteristic
(fig. 8). This way all taxa can be depicted, although one
dotmay representmoreplants. All plotsareon the same
scaleasthe sample/environmental plots (fig. 7). Because
samples scores are positioned at the centroid of the
points of species that occur in them, the values on the
axesin figure 8arelarger. Foreachhabitat factor, plants
characterized by a broad ecological range (indifferent)
or not coded, have been presented in a separate plot. In
particular, this category includes cultivated plants, partly
of exotic origin.

Glycophytes are scattered in two directions (fig.
8:A). They are partly located in the upperleftand lower
right quadrants, a direction particularly determined by
period. The second group is positioned in the upper
right quadrant and indicates that these species are at
least present in sample HK\2098 (No. 46). Both
directions are also visible in most other diagrams of
figure 8. Compared with glycophytes, the number of
halophytes is less (fig. 8:B). Althoughsample HK\2098
(No. 46) of the last habitation period is represented by
eleven obligate halophytes, these taxa are also frequently
represented by many samples of other periods (table 8)
and consequently the dots of these taxa coincide with
the dots of samples of period 1-3. Indifferent taxa
display a spacing similar to the area in which both
obligate glycophytes and halophytes are present, while
taxathatarenotcoded arealso presentin the upperright
quadrant (fig. 8:C).

The moisture gradient shows a limited number of
taxa for extreme conditions (i.c. aquatic: fig. 8:D and
dry: fig. 8:G), while wet and moist conditions are
represented by more taxa (fig. 8:E-F). Unique aquatic
taxa are absent in period 4, which is strengthened by a
shift of taxa indicative of dry soils to the recent periods.
The same is true for taxa that are present during the
whole habitation period: both wet and moist conditions
are represented by twelve taxa, while aquatic and dry
conditions have only one representative each: Scirpus
lacustris ssp. lacustris and Spergula arvensis (table 8).

Plants indicative of low, moderate and high nutrient
availability are found in all periods and show a decrease
in the numberoftaxa from rich to poor soils (fig. 8:1-K).
All three diagrams indicate that the representativeness
on a species level shifts in the course of time. The
number of taxa that is found in all periods is small as to
low nutrient availability (i.c. Calluna vulgaris and
Erica tetralix) and medium nutrient availability (i.c.
Conium maculatum and Spergula arvensis), but is very
well represented with 24 taxa forsoils with high nutrient
supply (table 8). Indifferent taxa and not coded taxa
form alargepart(fig. 8:L), the latter partly because they
include halophytes that are not coded for this category
(Runhaar et al., 1987).

Structure of vegetation and succession as a biotic
environmental category is subdivided into six classes;
consequently these classes are partly only scarcely
represented (fig. 8:M-S). Apart from the class of

Table 8. Taxawithsmallecological range toatleastoneenvironmental
category and present in all four habitation periods. Abbreviations:
Sal. Salinity: Moi. Moisture: Nut. Nutrient availability: Veg. Structure
of vegetation & succession (for abbreviations of classes: fig. 9): F:
Sample frequency: N: Total number of plant parts.

Sal. Moi. Nut. Veg. F N

- - - Gr 26 8  Trifolivm repens
- - - Pv IS5 9 Juncus hufonius
- - - Pv 46 10 Plantago major
- - Ri - 33 10  Sonchus arvensis

- - Ri - 49 10  Scirpus maritimus

- - Ri - 14 8  Cirsium arvense

& = Ri Pv 30 8  Chenopodium glaucum/rubrum
- Mo Ri B 19 8  Rumex crispus

- Mo Ri Pv 58 10 Arriplex patulal prostrata
- We Ri - 12 8  Alopecurus geniculatus
Gl - - - 8 S Rubus fruticosus s.1.

Gl - - - 1S 8 Carexacutalnigra

Gl - - - 15 6 Ranunculus repens

Gl - - - 14 8 Urticadioica

Gl - - - 10 5 Viola

Gl - - - 9 6 Bromus hordeaceuslsecalinus
Gl - - - 12 6 Polvgonum convolvulus
Gl - - Pv 9 8  Rumex acetosella

Gl - Po - 12 8  Ericatetralix

Gl - Po - 10 7 Calluna vulgaris

Gl - Ri Pv. 36 10 Chenopodium album

Gl - Ri Pv 14 8  Capsella bursa-pastoris
Gl - Ri Pv 22 8  Poaannua

Gl - Ri Pv 26 8  Chenopodium ficifolium
Gl - Ri Pv 20 8  Urtica urens

Gl - Ri Pv 38 10 Stellaria media

Gl - Ri Pv 18 6 Solanum nigrim

Gl - Ri  Th 11 6  Carduus crispus

Gl Dr Mo Pv S 6 Spergula arvensis

Gl Mo - - 13 8 Carexovalis

Gl Mo Mo Th 10 7 Coniwm maculatum

Gl Mo Ri - 5 5 Rumex obtusifolius

Gl Mo Ri Pv 12 6 Lamium purpuretmn

Gl Mo Ri  Pv 45 10 Polygomum aviculare

Gl Mo Ri Pv 34 10 Sonchus asper

Gl Mo Ri Pv 23 8  Sonchus oleraceus

Gl Mo Ri Pv 34 10  Polvgomun lapathifolivin
Gl Mo Ri Pv 36 10 Sinapis arvensis

Gl Mo Ri Pv 6 6 Lamium amplexicaule

Gl We Ri Pv 22 9 Ranunculus sceleratus
Ha Aq - Sa 12 S Scirpuslacustris ssp. tab.
Ha We - - 40 9 Aster tripolium

Ha We - B 30 9 Glaux maritima

Ha We - - 53 10 Triglochin maritima

Ha We - - 56 10 Juncus gerardi

Ha We - - 44 10  Spergularia maritimalsalina
Ha We - - 25 8  Puccinellia distans

Ha We - - 34 9 Plantago maritima

Ha We - Gr 14 6  Carexdistans

Ha We - Pv 4l 10 Suaeda maritima

Ha We - Pv. 37 10 Salicornia europaea s.\.

indifferent and not coded taxa (fig. 8:S), the best
represented classes are pioneer plants (fig. 8:P) and
grassland plants (fig. 8:R). Theisolated sample HK\2098
(No. 46) has clearly only few grassland species in
common with the other samples, while it shares several
pioneer plants. In fact, the number of grassland plants
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that are represented by all four periods is limited to two
(i.c. Carex distans and Trifolium repens, while the
number of common pioneer plants is 23, see table 8).
Shrubs donotshare common species for all periods and
its taxa are plotted in connection with samples from
period 3 and 4 (fig. 8:Q). Conium maculatum and
Carduus crispus arethe only tallherbs thatare common
forall periods,the scanty dotsarehoweverlimited to the
areaof the first three periods (fig. 8:0). The ordination
plots of aquatic plants (fig. 8:M) and semi-aquatic
helophytes (fig. 8:N) arerather similar and display only
a few taxa within the triangle area. The spread of
indifferentand not coded plants for vegetation structure
does not fundamentally differ from the spread as far as
moisture and nutrient availability goes (fig. 8:H,L,S).

3.2.3. Characterization of samples by indicator
plants

A different approach to the characterization of the
environment is done by calculating indicator values (I )
of the various categories for each sample. For each
environmental class (e.g. halophytes or glycophytes)
this indicator value is based on the character weights of
the indicator taxa concerned (Cappers, 1994). Because
the sum of character weights differs between the
environmental factors, a comparison of absolute I..'
values is interpretative only with respect to the same
environmental factor.

Values of I have been calculated forall classes (fig.
9). Within each period, the Iu-values of each class have
been arranged separately in decreasing order. This
facilitates a comparison of the I -range of a specific
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separately in decreasing order.
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environmental factor both within and between the
periods. On the other hand, this arrangement does not
allow a linking of different I -values on sample level.

All four environmental characteristics show a
considerable overlap between the four periods in the
range of their [ -values. Samples that take up an isolated
position due to extreme values of character weights are
limited to especially halophytes and plants indicative of
dry soils. For almost all samples, an indicator value [
could be calculated for halophytes, but for glycophytes
only partly for the first two periods of habitation (fig.
9:A). The I -values of halophytes for some samples
from the first period are low, while both values of the
last period are relatively high. Species responsible for
the high I -values for saline and brackish habitats, are
Carex distans (period 1-4) and Cochlearia officinalis
(period 2 and 3). Both species are rare in Dutch subfossil
records. Carex distans has been recorded for Mon-
nickendam (Hogestijn, 1989), Rockanje (Brinkkemper,
1993) and Valkenburg (ZH) (Palsetal., 1989). Rockanje
is the only site from which Cochlearia officinalis has
been mentioned before. Both plants grow on the higher
parts of salt-marshes, indicating a mesohalinic envi-
ronment. On the other hand, Salicornia europaea s.1.,
which growson bare salinemud flats (i.c. S. procumbens)
and on saline inland stands (i.c. S. europaea s.s.), is
represented in samples of all four periods. However,
these plants produce small seeds that may easily be
transported over large distances, so their presence does
not necessary indicate their participation in the local
vegetation. The same is probably true for the indicator
plant Juncus gerardi, which is found in both samples
from period 4, although in HK\I995 (No. 43) many
unripe fruits were also found.

The -values for moisture clearly show an increase
for moist and dry habitats both by the number of
samples that yielded indicatorspecies and by the absolute
values (fig. 9:B). Almost all samples arerepresented by
indicator plants for wet and moist habitats. In many
samples of the second period, indicator taxa indicative
of both extreme moisture regimes are notably lacking.
Although one sample of the third habitation period has
a relatively high [ -value for aquatic conditions, most
samples of this period lack indicator plants in this class.
The occurrence of Veronica hederifolia is responsible
for the extreme value of sample HK\2332 (No. 49) for
dry soil conditions in the third period. Seeds of this
species have been found in the Netherlands only at De
Horden (Lange. 1990), Hazendonk (Bakels, 1981) and
Hekelingen (Bakels, 1988).

Indicator plants for nutrient availability differ in
particular for moderate soils (fig. 9:C). Although its I
increases with time, samples of later periods have low
I -values or even lack indicator plants for this class of
nutrient availability. Due to its broad ranges, no clear
trend to poor and rich soils can be detected.

Samples of all periods are almost always represented
by indicator plants forpioneer vegetations and grasslands

(fig. 9:D). The | -values for pioneer vegetations increase
intime and apply to most of the samples. Nevertheless,
apartofthe samples of the first three habitation periods
have only a very small I for grasslands. The number of
samples represented by indicator plants for water
vegetation,semi-aquatichelophytic vegetation and shrub
and woodlands is relatively low. In the course of time
watervegetationapparently expanded with semi-aquatic
helophytic vegetations.

3.2.4. Environmental reconstruction for location
and feature type

The degree to which environmental factors are coupled
with location and feature type for each period, is
demonstrated in figure 10. As most samples of the rerp
had apparently no correlation with the various sediment
layers, this variable has been left aside. Only taxa with
asmallecological rangeare incorporated inthediagrams,
and correspond with the taxa in figure 8. Theoccurrence
of taxa is calculated in percentages; 100% equals all
taxa indicative of an environmental factor for a given
period and location or feature type. Thus, for salinity in
period 1, 100% equals both location and feature type.
As glycophytes and halophytes are complementary in
percentages, only the latter is presented.

Apparently, the decrease of halophytes does not
depend on the location (fig. 10:A). On the other hand,
feature type shows some differences in the proportion
of halophytes to glycophytes. Halophytes are mainly
found in samples taken from ditches, trenches, the moat
and the nearby marsh creek. Because of floodings
documented up to the sixteenth century, the nearby
surroundings may have become brackish now and again.
Especially plants that are indicative of brackish
conditions orare indifferent withrespect tosalinity may
have grown periodically on the terp proper. Some of
these wereoftenfound, suchas Potamogeton pectinatus
(period 1-3), Scirpus lacustris ssp. tabernaemontani
(period 1-4) Phragmites australis (period 1-4),
Eleocharis palustris (period 1-4) and Scirpus maritimus
(period 1-4), while others were found at random: Lemna
trisulca (period 3), Myriophyllum spicatum (period 1),
Rumex hydrolapathum (period 1 and 4) and Zanni-
chellia palustris ssp. pedicellata (period 1). Halophytes
grew in the near surroundings; perhaps some of them
temporarily on the slope of the terp. The plant remains
of halophytes in samples of slope and central part of the
terp may have been brought to the terp by men, as sods
cut in the salt-marsh to heighten the terp or to be mixed
with dung, or were partly dispersed by wind and water.
Samples of the slope of the terp may contain a mixture
of natural vegetation, dumped refuse and drift litter
deposited during storm surges. Accordingly, the slope
was rich in nutrient supply (fig. 10:F-H) and cha-
racterized by pioneer vegetation (fig. 10:J) and in the
later periods also by grassland plants (fig. 10:I). Plants
found in samples of the slope of the rerp and may have
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grownondriftlitter, include: Suaeda maritima, Conium
maculatiom, Althaea officinalis, Apium graveolens, Beta
vulgaris, Matricaria maritima, Oenanthe lachenalii,
Sonchus arvensis, Cirsium arvense, Atriplex littoralis/
prostrata, Polygonum aviculare and Cochlearia
officinalis. Suaeda maritima grows on wet places with
fresh drift litter that is mainly covered with algae. So it
mainly grew along creeks where this kind of litter had
been usually deposited. Its presence in many samples,
viz. 41 of 59, can be assigned to its seed production and
dispersal potential. The other species mentioned grow
on tidal marks that consist of slowly decaying plants,
whetherornotcovered with sand (Beeftink, 1965). This
drift litter is deposited on higher altitudes, such as the
slopes of a terp. Characteristic species of drift litter
communities such as Glaucium flavum,Cakile maritima,
Honckenya peploides and Atriplex laciniata have so far
not been evidenced by subfossil remains for the
Netherlands. In spite of their present distribution, their
occurrence will be temporarily and consequently the
chance of recovery will be small. It should be noticed
that Oenanthe lachenalii is the only halophyte present
in samples ofthe central part of the terp and its slope, but
is not represented in samples beyond the terp. None of
the samples collected from the slope of the terp shows
evidence of included drift litter. This is no surprise, as
the slopes of terps take up a relatively large area. An
indication of the presence of drift litter is the large
percentage of charred plant remains, including non-
weedy species, for large concentrations of charred
weeds are obviously the result of crop processing. The
only sample that did yield charred remains of many
species is HK\2392 (No. 51) and was collected from the
mout on the rerp (table 5, fig. 5). Another indication for
drift litter is the presence of plants that are considered to
be originating from older deposits, such as Potamoge-
tonfiliformis. Of Menyanthes trifoliata and Andromeda
polifolia,the two plants of Heveskesklooster that would

qualify for this, the latter is only found once in a sample
collected from the slope. Theotherseeds originate from
samples taken from the central part of the terp and a
location beyond the terp. Plants most frequently found
in drift litter along the northern coast of the Netherlands
where salt-marshes adjacent to the Wadden dykes are
present, are: Polvgonum aviculare, Atriplex patulal
prostrata,Stellariamedia, Salicornia europaea, Suaeda
maritima, Spergularia salina, Triglochin maritima and
Aster tripolium (Cappers, 1993). Although these plants
were also found in samples originating from the slope,
they do not show extreme values for this part of the
investigatedarea. Forthefirsthabitation period, samples
collected from the slope have only seven plants that
were not found on the central part of the terp, while the
number of unique species in samples collected from
beyond the terp, and not present in samples from the
central part, amounts to five. Artemisia vulgaris and
Spergula arvensisarethe only plants thatare unique for
the slope.

The vegetation on the central part of the terp seems
to be not very particular about its environmental
requirements. Only with respect tonutrient availability,
plantsseem to be predominantly indicative of rich soils,
especially during the first periods of habitation (fig.
10:F-H). Although many plants were found in samples
from the central part only, none of them was present in
all periods. Species represented by large quantities of
plant remains and found in samples of all four periods,
are: Plantago major,Atriplex patulalprostrata,Agrostis
spp., Poapratensisitrivialis, Stellariamedia, Polygonum
aviculare, Urtica dioica, Chenopodium album and
Sonchus arvensis, but they also occurred beyond the
central part of the terp.

Samples collected from wells are characterized by
species indicative of low nutrient supply (fig. 10:F-H)
and can be attributed to species from peats and heaths:
Andromeda polifolia, Calluna vulgaris, Erica tetralix,
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Carex pilulifera, Eriophorumvaginatum, Rhynchospora
alba, Rumex acetosella and Betula spp. These remains
are partly charred and indicate the use of fuel (table 5).
On the other hand, to obtain drinking-water, wells had
to be sunk till the sandy soil. Consequently, the thick
layer of basal peat was dissected and would have
delivered the remains of those plants. Schoute (1984)
mentioned that this peat layer at Heveskesklooster
mainly consists of Phragmites peat. Although Phrag-
mites was also frequently found in samples from these
wells, the above mentioned species fit in well with the
description of the same peat layer in the Groningen
coastal area by Roeleveld (1974). Peat for fuel, as a
second source of these plants. may have been cut in the
transition zone between the clay district and the
Pleistocene sand district. From a report dated to 1598,
it is known that the cloister was in the possession of a
bog nearby Slochteren, some 10 km southwest of
Heveskesklooster (Noordhuis, 1990).

Like dung layers and dung pits, unused wells may
also have been utilized to dump refuge and may explain
its mixed species composition. The large number of
wells suggest that the well watermay often hadbecome
undrinkable. Knorzer (1984) described some criteria
that serve as a device for detecting the presence of
human faeces: 1) evenly distributed traces of food
plants including cereal bran fragments and large
quantities of fragmented fruit stones and 2) fragments
of weeds, particularly those of Agrostemma githago.
Although bran fragments of Hordeum vulgare were
regularly found in wells, they were only small innumber
as were the fragments of stone fruits and weeds. Wells
from which samples were analyzed were indeed used
afterwards for dumping refuge, but not as cesspits. The
only sample thatunambiguously contained human faeces
is HK\2098 (No. 46) which originated from the moat.
This sample contained many cereal bran fragments
from both Secale cereale and Hordeum vulgare but no
large numbers of rachis segments and awns of lemma,
both characteristic of crop processing. Other samples
that contained many waterlogged remains of cereals,
especially waste layers/pits and surface water (fig.
10:K), proved to be rich in threshing remains together
with weeds.

Grassland plants were frequently found in samples
from wells and surface water and dominate particularly
inperiod 3 attheexpense of pioneer plants (fig. 10:1.K).
In addition to cereals, 25 different grassland taxa could
bedemonstrated. Someofthem,viz.Poa annua, Festuca
rubra,Agrostis, Bromus hordeaceus/secalinus, Elymus
athericuslirepens,Poapratensis/trivialis and Phragmites
australis are present in several samples of all four
periods, but the last mentioned species is absent in
period4. Phalaris arundinacea was frequently found in
samples of the first period, especially in those that were
taken from wells. This grass may have grown in the near
surroundings in wet places and may have been collected
for cattle fodder. Samples of the third habitation period

are characterized by Alopecurus geniculatus, Holcus
lanatus, Lolium perenne, Danthonia decumbens and
Cynosurus cristatus, although thesespecies were found
also inoneortwo samples of the preceding period. Most
of these species may have grown on the rerp, including
the slope. It is also possible that they were partly taken
to the site as cattle food. The last two species are of
special interest and are preserved both by waterlogging
andcharring. The only other Dutchrecords of Danthonia
decumbens are reported from Rockan je, which is dated
to the Roman Period (Brinkkemper, 1993) and Texel,
which isdatedto the late Bronze Age and early Iron Age
(personal communication by van Zeist). Atseveral sites
in England large numbers of seeds of this species have
been found in association with crop plants, reasons for
Hillman (1981, 1982) to draw the conclusion that D.
decumbens was probably a crop weed in former times,
despite its present occurrence in heaths and moorlands.
The chance of survival of this tufted perennial in arable
fields could be supported, according Hillman, by
ploughingthe fields by ard, which was probably replaced
by an efficient ploughing mouldboard only in medieval
times. Korber-Grohne (1990) points out that D.
decumbens would not have survived in cultivated
grasslands as a result of which its subfossil presence in
this type of vegetation is rare. Some of the samples of
Heveskesklooster revealed large numbers of fruits,
partly still enclosed by their glumes. Heathland plants,
such as Erica tetralix, Calluna vulgaris, and Carex
pilulifera only partly occur in samples in which D.
decumbens is present and then only in small numbers.
It is therefore likely that also for Heveskesklooster this
species, which grows on rather well drained soils with
low nutrient supply, should be considered as a weed,
probably of Avena sativa.

Cynosurus cristatus is also rare in Dutch subfossil
records, as it is only reported from De Horden, roughly
dated to the Roman Period and early Middle Ages
(Lange, 1990) and Groningen, dated to the eighteenth
century (van Zeist, 1987). Although this species is
present in almost the same samples from which D.
decumbens was recovered, it would have grown on
moist soils with a moderate nutrient supply, either on
the terp on places with frequent treading or in the near
surroundings in grazed areas.

3.2.5. The salt-marsh vegetation

The near surroundings outside the rerp are only
represented by samples of the first habitation period.
Because the vegetation of mud flats and salt-marshes
would hardly have changed in the course of time, they
will be, discussed in more detail. In all, nineteen
halophytes are present in those samples, supplemented
by twenty-six taxa that can grow in both brackish and
fresh habitats. Submerged halophytes, viz. Ruppia
maritima, Zannichellia palustris and Potamogeton
pectinatus, were mostly found in samples of wells and,
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to a lesser degree, of trenches and waste layers. During
the first habitation period, the creek was certainly
subjected to tidal movements, which makes it only
suitable for Zannichellia palustris and Potamogeton
pectinatus. The three plants may also have been present
in small water bodies isolated from the creek. On the
mud flats along the marsh creek and also on places
where sods were cut to heighten the terp, Salicornia
europaea may have grown.

On the higher tidal flats and the lower parts of the
salt-marsh that were exposed to tidal movements, the
Puccinellietum maritimae isrepresented by Puccinellia
maritima, Aster tripolium, Suaeda maritima,Triglochin
maritima and Spergularia maritima, the latter docu-
mented as S. maritimalsalina. Thoughsomecriteria were
set to distinguish S. maritima and S. salina as to seed
wing, papillae and cell pattern (van Zeist, 1974; Behre,
1976), its taxonomic value remains doubtful (Sterk,
1969a,b; Telenius & Tortensson, 1989; Telenius, 1992).
For that reason no distinction was made, although the
above mentioned criteria indicate that both species are
present in many samples.

On the middle high salt-marsh, above mean high
water, the Plantagini-Limonietum, represented by
Plantago maritima and Limonium vulgare, possibly
occurred where silt had accumulated. This plant
community may be considered as the terminal phase of
the Puccinellietum maritimae where the salt-marsh
remained ungrazed (Westhoff & den Held, 1975;Roozen
& Westhoff, 1985). Nevertheless, Bakker (1989) found
both plants often in grazed areas of Schiermonnikoog,
and should perhaps be interpreted as a transitional phase
after renewed grazing. Also the Halimionetum portu-
lacoidis, restricted to ungrazed areas and located on
naturaland well drained levees, may have been present
along the creeks. Nowadays, its character species
Atriplex portulacoidesismoredominant in salt-marshes
of south-west Netherlands, where differences between
low and high tides are larger whereby desalination of
the soil was limited (Mennema et al., 1985). During the
first habitation period, such tidal difference may also
haveexisted which may explain the absence of Atriplex
portulacoides in Heveskesklooster. On the other hand,
this species has so far not been recorded in the Dutch
subfossil records, indicating unfavourable conditions
for preservation. Moreover, analyses of recent British
salt-marshes dominated by Atriplex portulacoides by
both germination and extraction of seeds, revealed no
seeds (Ungar & Woodell, 1993). But its seeds were
frequently found in drift litter collected from various
areas of England (Waisel, 1972). Apparently, seed
production of this species is low or may change per year.
This makes it difficult todecide upon the presence of the
Puccinellio-Spergularion salinae that is different from
the alliances Puccinellion maritimae and Armerion
maritimae because of the absence of this species
(Westhoff, 1987) and in spite of the presence of Sper-
gulariamaritimalsalinaand Puccinellia distans in many
samples.

On the higher partofthe salt-marsh, characterized by
inundations only at high spring tides and storm tides,
two associations of the Armerion maritimae are wide-
spread along the north coast of the Netherlands:
Artemisietum maritimae and Juncetum gerardii. The
character species of these associations are Artemisia
maritima and Armeria maritima respectively, though
the latter is often also found in the Sagino maritimae-
Cochlearietum danicae (Westhoff, 1987). Like Atriplex
portulacoides, Artemisia maritima has never been found
inany archaeological context in the Netherlands before,
in contrast with the related A. vulgaris. The same is true
for excavations of ferps in the northern part of Germany
(Korber-Grohne, 1967; Behre, 1970, 1972, 1976, 1986,
1991). In recent drift litter, Artemisia maritima was
frequently found, though in most cases germinating and
sub jected to decay, explaining its absence in the subfossil
record (Cappers, 1993). On the other hand, the absence
of A. maritimamay also be indicativeof intensivegrazing
(Bakker, 1989) and the presence of agricultural fields
on the ridges along the creeks. Armeria maritima is not
necessarily present in the Artemisietum maritimae and
was only found in samples dated to the second and third
period. Species of samples of beyond the rerp properthat
are common in these associations are: Juncus gerardi,
Festucarubra, Glaux maritima,Leontodon autumnalis,
Trifolium repens, Carex distans, Potentilla anserina
and Agrostis. Particularly graminoids, viz. Juncus
gerardi and Agrostis stolonifera, but also hemi-
cryptophytic plants such as Leontodon autumnalis
(Korber-Grohne, 1992) are specific indicators for
grazing, which, in turn, were responsible for an increase
in species diversity of Juncetum gerardii communities
(Bakker, 1989). From the beginning of inhabitation
onwards, livestock was an important factor in the
economy of the site. Bones of the first habitation period
that have so far been studied, are of cattle and horse
(Prummel, 1988). Grazing was common practice on the
nearby salt-marsh. The structure of the salt-marsh
vegetation may therefore be comparable with the recent
structure and, as pointed out by Westhoff (1985), the
different vegetation composition as a result of ungrazed
conditions may not be valid for this salt-marsh.

In contrast with the present-day situation, the
Juncetum gerardii had covered large areas of the former
salt-marshes (van Zeist, 1974). Five subassociations
were described on the basis of subfossil records of sites
along the northerncoastofthe Netherlands and Germany
(Korber-Grohne, 1992). In addition to the variants that
correspond to subassociations that are distinguished
nowadays, viz. subass. typicum and leontodontetosum
autumnalis, they are: 1) a subassociation with much
Bromus hordeaceus and also abundant Leontodon
autumnalis and Trifolium repens (Kérber-Grohne, 1967,
Behre, 1976), subdivided by Behre into a variant with
Bromus hordeaceus and one without this species, 2) a
subassociation with much Eleocharis palustris ssp.
uniglumis and less abundance of Leontodon autumnalis
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and Trifoliumrepens (Korber-Grohne, 1967; van Zeist,
1974) and 3) an initial subassociation with Limonium
vulgare (Behre, 1976).

The distinction between these subassociations was
established on the basis of samples that proved to be
relatively pure in its species composition. Besides
diaspores, stems were frequently present indicating
local deposition. The samples of Heveskesklooster did
notreveal aclearclustering withtheseJuncetumgerardii
subassociations. In general, samples from the first and,
to a lesser degree, of the second period contain a large
number of Juncus gerardi, while dominant species of
the other subassociations are lacking. On the contrary,
samples of the last two habitation periods are cha-
racterized by the occurrence of the above mentioned
species, in which Juncus gerardi is still represented by
a large number of seeds. Nonetheless, many samples
contain several of them and a clear pattern is lacking.

Oneofthe last halophytes to be mentioned is Scirpus
rufus. In sample HK\2379 (No. 50), dated to the third
period of habitation and collected from the moat on the
terp, several fruits were found, some of them still
enclosed by their glumes. This species has only been
reported before fromamedieval houseterpinareclaimed
bog areanear Oostzaan (van Geel et al., 1986) and from
a heightening deposit at Monnickendam (Hogestijn,
1989), both of the thirteenth century. Scirpus rufus is a
northern Atlantic species and its distribution in the
Netherlands is almost limited to the Wadden district
(Mennemaetal., 1985). It is the characterspecies of the
Scirpetum rufi, which grows in between the salty and
fresh environment and is found in places thatare almost
permanently brackish, although the water may become
fresh now and then (Ketner, 1972). It can stand grazing
and may even be favoured by trampling. Owing to its
intermediate position in the halosere, it may have grown
in the vicinity of both halophytes, like Juncus gerardi,
Triglochin maritima and Plantago maritima, and gly-
cophytes such as Triglochin palustris, Agrostis stolo-
nifera and Eleocharis quinqueflora. Although Scirpus
rufus often occurs as mono-dominant stands, E.
quinqueflora may have been co-dominant in the
association (Penford, 1989). E. quinqueflora was found
in several samples, most of them dated to the third
period. The sample in which S. rufus was found revealed
indeed some hundreds of fruits, some of them still
connected to each other. It is not likely that this species
will have grown along the mout on the terp, for the soil
would not have been brackish. The remains have
probably originated from the lower part of the slope
bordering the marshes where trenches were dug for
drainage and some detritus was present.

A salt-marsh plant that is absent in the subfossil
record from Heveskesklooster, is Parapholis strigosa.
Today, this species is quite common in salt-marshes
(both Puccinellion maritimae and Artnerion maritimae)
along the Dutch and Germnan coasts, including the
German border of the Ems (Mennema et al., 1985;

Haeupler & Schonfelder, 1988). Subfossil seeds of P.
strigosa are very characteristic and were recorded for
several sites along the Dutch coast: Rockanje
(Brinkkemper, 1993), Monnickendam (Hogestijn,
1989), Den Helder/Het Torp, Tritsum and Tzummarum
(van Zeist, 1974) and Foudgum (van Zeist et al., 1987).
Thesamples in which this species was found are dated
fromtheIron Age up tolate medieval times and delivered
only very few seeds. Correspondingly, it may still be
possible that this species was present in former times,
and even in sites that were thoroughly investigated.

3.2.6. Comparison with other Dutch terps

The botanical investigation of rerps has a long tradition
inthe Netherlands. Even in the middle of the nineteenth
century, seeds of Vicia faba var. minor and Linum
usitatissimumwerereported by Acker Stratingh in 1849
from the Warffum terp (see van Zeist, 1970).
Publicationsof Beijerinck (1928, 1929 and 1931), van
Zeist (1970, 1974 and 1988) and van Zeist et al. (1987)
increased ourknowledge of thebotanicalremains of the
terps in the coastal area of the Netherlands.
Unfortunately, many samples of early excavations
available for botanical analyses were poorly dated or
notdated at all. Moreover, most of the botanical records
published by Beijerinck are not presented forindividual
samples, and a detailed analysis was not possible.

It was therefore decided to base the comparison of
theterps withrespectto theenvironmental characteristics
onthe occurrence of indicator taxa. With the exception
of Oostzaan, all the selected terps are located in the
northernpart of the Netherlands (fig. 1 ). The data from
Ezinge and Leeuwarden with respect to the Iron Age
(van Zeist, 1974) do not overlap the data from Heves-
kesklooster and were left aside. In the event of lacking
periodization, samples weredated from the middle Iron
Age to the early Middle Ages (table 9). In some cases,
it was possible to reduce this period on the basis of
recent studies of archaeological objects (personal
communication by E. Knol and W. van Zeist). As most
botanical records of terpsarenot classified according to
periods, the indicator value I for each environmental
characteristic was calculated regardless of the number
of samples in which the indicator plants were present
(Cappers, 1994). An exception was made forthe samples
of Heveskesklooster, of which Iu wascalculatedforeach
period separately and for all periods together (fig. 11).
It should be noted that the summing up of all indicator
values of species of a certain period may give a shift of
[, as it is influenced by the number of samples
investigated. Forexample, period 3 of Heveskesklooster
has the maximum value I for dry soils which can be
attributed toone sample containing Veronica hederifolia.
Without this sample, its value would fluctuate between
the values of the first two periods (see also fig. 9:B). To
facilitate the interpretation of indicator values, the
maximum value ofI ofthe characteristics concerned is
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Table 9. Description of the terps of which botanical records are analyzed for environmental characteristics and economically important plants.
Heveskesklooster is mentioned also separately for the various habitation periods. The rerps are arranged in decreasing order with respect to the
number of recorded taxa. Abbreviations for the periods: IA. Iron Age; RP. Roman Period: MA. Middle Ages: MT. Modern Times: c. Early: m.

Middle: I. Late.
No. Terp Period From To References
1 Heveskesklooster 1-4 RP-MT 50 BC 1975
la Heveskesklooster 1 RP 50 BC 400 Table 2
1b Heveskesklooster 2 MA 800 AD 1300 Table 3
lc Heveskesklooster 3 MA 1300 AD 1610 Table 4
1d Heveskesklooster 4 MT 1610 AD 1975 Table 4
2 Leeuwarden MA 800 AD 1525 Van Zeist et al., 1987
3 Ezinge elA-IMA 600 BC 1500 Beijerinck, 1928, 1929, 1931:
van Zeist, 1974
4 Paddepocl/Groningen IIA-eRP 200 BC 250 Van Zeist, 1974
S Tritsum mlA-eRP 500 BC 200 Van Zeist, 1974
6 Sneck eRP 50BC 270 Van Zeist, 1974
7 Foudgum MA 800 AD 1100 Beijerinck, 1929: van Zeist et al.. 1987
8 Den Helder/Het Torp MA 900 AD 1200 Van Zeist, 1974
9 Oldeboorn IMA 1000 AD 1200 Van Zeist, 1988
10 Tzummarum eMA 600 AD 1000 Van Zeist, 1974
11 Oostzaan IMA 1200 AD 1300 Van Geel et al.. 1986
12 Ferwerd mlA-eMA 500 BC 1000 Beijerinck, 1929, 1931
13 Westeremden mlA-IMA 500 BC 1500 Beijerinck, 1929, 1931
14 Rasquert mlA-IMA 500 BC 1500 Beijerinck, 1929
15 Houten-Bayum mlA-eMA 500BC 1000 Beijerinck, 1929
16 Hoogebeintum mlA-eMA 500 BC 1000 Beijerinck, 1929
17 Jelsum mlA-eMA 500 BC 1000 Beijerinck, 1929
18 Oosterbeintum mlA-eMA 500 BC 1000 Beijerinck, 1929
19 Midlum mlA-eMA S00BC 1000 Beijerinck, 1929
20 Arum mlA-eMA 500 BC 1000 Beijerinck, 1929
21 Eenum mlA-IMA 500 BC 1500 Beijerinck, 1929
22 Leens eMA 500 AD 1000 Beijerinck, 1929
23 Dokkum/Berg-Sion IRP-eMA 300 AD 1000 Beijerinck, 1929
24 Achlum mlA-eMA 500 BC 1000 Beijerinck, 1929
25 Tzum mlA-eMA 500 BC 1000 Beijerinck, 1929
26 Wadwerder Wierde mlA-IMA S500BC 1500 Acker Stratingh, Feith & Boeles. 1870
27 Usquert mlA-IMA 500 BC 1500 Acker Stratingh, Feith & Boeles, 1870

also presented in each diagram. As the differences in
extensiveness of the botanical records are much
correlated with the method of analysis, the terps are
arranged in decreasing order as to the total number of
taxa mentioned for the site, and only waterlogged plant
remains that were positively identified are considered.
These totals are marked with a solid line in each
diagram.

On the basis ofindicator species, an overall impression
of figure 11 reveals that Dutch terps are largely
characterized by both halophytes and glycophytes, wet
and moist soils with a rich nutrient supply and plants of
pioneer vegetations and grasslands. Irrespective of the
number of taxa concerned, the botanical records of the
terps comprise species indicative of both saline and
freshwater conditions (fig. 1 1:A). Halophytes are very
well represented in Heveskesklooster (terp 1). The only
indicatorspecies notfoundwas Parapholis strigosa. The
increase of [ in period 2 and 3 of Heveskesklooster can
be attributed to the presence of Cochlearia officinalis.
Leeuwarden (terp 2) differs from other terps by its high
[, for glycophytes, which canbe explained by the inland
location along the former Middelzee, a sea arm that had

be embanked only in the eleventh century, and the
import of plants from the sandy hinterland (van Zeist et
al., 1987; van Zeist, 1988). Oostzaan (terp 11) yielded
many plants and is characterized by a high value of
glycophytes, and the indicator value of halophytes is
relatively low. This terp is dated to the thirteenth century
and was situated in a raised bog environment which was
temporarily inundated by salt or brackish water from
the Zuyder Zee (van Geel et al., 1986).

Only Heveskeskloosterand Leeuwarden have ahigh
[, for dry soil conditions (fig. 11:B). For Heves-
keskloosterthese values increase forthe twolast periods.
Like Leeuwarden, the increase of indicator taxa fordry
soilsrelates partly to imported plants in connection with
cereals. Remarkably, rerps with a high [ for the other
extreme moisture condition, viz. aquatic habitats, are
located in the northeastern part of the Netherlands, with
the exception of Oostzaan. They are Heveskesklooster
(terp 1), Paddepoel/Groningen (terp 4), Westeremden
(terp 13) and Rasquert (terp 14). The Eenum terp (No.
21), also located in this area, is underestimated for its
low number of taxa. These sites have high I for aquatic
habitats partly because of a relatively large number of
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Fig. I'1. A-D. Indicator values I, of terps in the northern part of the Netherlands. The rerps are arranged in decreasing order with respect to the total
number of taxa (solid line) thatare mentioned for the site. On the X-axis the maximum value of I“ (=T) foreach characteristic is also presented.
Thel ofHeveskeskloosteris calculated for all samplestogether(= 1as well as foreach periodseparately (= 1a-d). The numbersofthe terps correspond

with those of table 9.

water plants, viz. Heveskesklooster and Paddepoel/
Groningen, and partly because of the occurrence of
Ranunculus lingua which has a high weight factor.
As to nutrient availability, Heveskesklooster and
Leeuwarden have much in common (fig. 11:C). Both
terps have high indicator values for all three classes. In
Heveskesklooster it is obvious that the indicator value
for soils with a moderate nutrient supply increases from
the first period onwards, whereas indicator values for
high and low nutrient supply are decreasing. As is
shown by figure 9:C, this can be explained by both the
number of samples and the species composition. The
other terps do not display a clear pattern of indicator
values for poor and moderate nutrient supply. Some
terps are characterized by a gradual increase in nutrient
availability, viz. Tritsum (rerp 5) and Foudgum (rerp 7),

while others have high indicator values forbothrichand
low nutrient supply, viz. Oostzaan.

The indicator values of Heveskesklooster for grass-
land and pioneer vegetation do not differ much with
eachofthe four periods (fig. 1 1:D). Althoughshruband
woodland plants represent a considerable part of the
Dutch flora, they are hardly represented by subfossil
records of the terps. Again, Heveskesklooster and
Leeuwarden are the only two rerps of which samples
yielded a reasonable number of these species, although
the indicator values of Heveskesklooster are low in the
first two habitation periods. Most ofthe indicator plants
of semi-aquatic helophytic vegetations are also indicative
of aquatic habitats, thus repeating the pattern of figure
11:B. Submerged waterplants, such as Potamogeton
spp. are rare, while other genera such as Ceratophyllum
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spp. and Myriophyllum spp. are completely absent,
except for Heveskesklooster.

3.3. Economically important plants

3.3.1. Agricultural plants

Bulk deposits of agricultural plants that are known from
many sites located in the Pleistocene district have not
been found in the terps in the coastal area. Nevertheless,
the excellent conditions for both waterlogging and
charring in rerps have yielded many plant remains of
agricultural plants. Theyare mostlydepositsofthreshing
remains in refuge layers or pits, and human faeces
possibly concentrated in cesspits. As stated before,
cesspits could not be demonstrated in Heveskesklooster,
whereas many samples were defined as refuse layers
and pits (table I).

The cereal most frequently encountered in He-
veskesklooster is hulled barley (Hordeum vulgare) and
is represented in all four habitation periods in
considerable numbers of waterlogged and charred
remains (table 10). Many samples yielded both grains
and threshing remains. Waterlogged grains consist of
the pericarp and the seed coat, while the endosperm was
usually absent. Fruit envelopes were often complete
and partly enclosed by remnants of lemma and palea.
The quality of the waterlogged grains, accompanied by

the presence of glumes and awn fragments, exclude the
possibility that they would originate from the digestive
process. Baking and the passage of bran through the
digestive tract result in smaller fragments and the lack
of the pericarp, as could be demonstrated for Triticum
aestivum (Schel etal., 1980). The occurrence of threshing
remains in samples of the rerp indicate that Hordeum
vulgare was cultivated locally and that the harvest was
processed on the terp proper, at least partly.

The only charred grain of naked barley (Hordeum
vulgare ssp. vulgare) was found in sample HK\1638
(No. 34) and was collected from a well. In the same
sample charred remains of hulled barley and oats (Avena
sp.) were also found. The single find of naked barley
and the rough dating of the sample do not justify a
speculation about the cultivation of this species at the
site and is considered to be an admixture. Naked barley
is frequently found in Dutch sites dated to the Neolithic
Period and the Bronze Age. Both naked and hulled
barley from the Bronze Age are frequently recorded,
while naked barley has been replaced by hulled barley
in the early Iron Age. The only Neolithic sites in the
Netherlands that yielded some grains of hulled barley,
are: Vlaardingen (van Zeist, 1970), Aartswoud (Pals,
1984) and Zijpe/Keinsemerbrug (Anonymous, 1987).
Records from the Netherlands of naked barley dating to
periods after the Bronze Age, are also rare: Colmschate
(early Iron Age; Buurman, 1986), Ede-Veldhuizen

Table 10. Agricultural plants of Heveskesklooster per period. Numbers are represented as a range (seetable 2). Abbreviations: W1. Waterlogged:
Ch. Charred; G. Grains: T. Rachis segments or top of pedicels: S. Seed: F. Fruit.

Per. 1 Per. 2 Per. 3 Per. 4

Wi Ch Wi Ch Wi Ch Wl Ch

G T G T G G T G T G T G T G T
Hordeum vulgare
ssp. vulgare (hulled) 4 6 4 4 8 6 6 6 8 S5 6 s - 2 1
ssp. vulgare (naked) - - - - - | % " s = . s a g z
ssp. disticluun - - - - - - “ -7 - 2 = 2 - =
ssp. vulgldist. - - - - - - - 8 9 - - S
Avena
A. fatua - - - - - - - 4 6 2 4 R Y
A. sativa - - - - - - - -7 - 2 s m =
A. fatualsativa - - - - 3 2 - g8 - 4 - - - I -
Secale cereale - - - - 5 &= = 2 w o= W= 6 = = =
Triticum aestiviun var. comp. - - - - - - - s & B = T T
Panicum miliaceumn - - - - = - = = m @ 4 = = B

Per. 1 Per. 2 Per. 3 Per. 4

Wi Ch Wi Ch Wi Ch Wi Ch

S F S F S S F S F S F S F S F
Linum usitati ssimum 5 5 - - 1 - - 5 7 - - |
Camelina sativa 6 6 - - - - - 2 . o= 3 & = =
Vicia faba var. minor 2 - - - 4 1 - 7 = & = 2 % B o
Brassica rapa - - - - 4 - = 8 = = = 4 = = =
Cannabis sativa - - - - 4 o - § =2 = = 4 = & =

& & a ¥ B = & 3 & @ =

Fagopyrum esculentum - - -
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(Roman Period; van Zeist, 1976) and Gasselte (Middle
Ages; vanZeist, 1979). Only in Colmschateareasonable
amount of grains of naked barley was found in a corn-
stack, together with Triticum dicoccum, whereas the
other sites yielded only a few grains.

Intwo samplesdated to the third period, viz. HK\2332
(No. 49) and HK\3351 (No. 56), both hulled six-row
barley (Hordeumvulgare)and two-row barley (Hordeum
vulgare ssp. distichum) were found. The latter could be
identified by their small rachis segments. In sample
HK\3351, only two charred rachis segments were found.
In the other sample, however, many uncharred rachis
segments and bran fragments were encountered, of
which only the rachis segments were identified to the
level of subspecies. Because of the number of rachis
segments it is likely that two-row barley was also
cultivated in Heveskesklooster during the third habita-
tion period. Dorestad near Wijk bij Duurstede is the
only other Dutch site from which two-row barley was
recorded. In samples ofthis site, dated to the eighth and
ninth century, many charred grains of both six-row and
two-row barley were found (van Zeist, 1970, 1990).

Oats (Avenasp.)isanothercereal frequently found in
samples of Heveskesklooster, though mainly restricted
to the third habitation period. In addition to the basal
part of the lemma that was still present at some speci-
mens, also on the basis of the top of the pedicels both
wild oats (A. futua) and cultivated oats (A. sativa) could
be demonstrated. Although the number of pedicels of
cultivated oats exceeds that of wild oats, the latter will
have represented a substantial part of the cereal field.
Wild oats, which has a shortlife cycle from spring until
late summer, had probably grown together with
cultivated oats and summer barley. In the two samples
that yielded relatively large amounts of remains of A.
fatua, viz. HK\2283 (No. 47) and HK\2332 (No. 49),
also A. sativa and H. vulgare are well represented. On
the other hand, in sample HK\3351 (No. 56) charred
remains of A. fatua were only found together with those
of H. vulgare. All subfossil records of the Netherlands
on wild oats are accompanied at least with records on
barley. Some sites also provided cultivated oats, but its
limited identification distort the representativeness of
cultivated oats.

One single charred grain of Triticum aestivum var.
compactum was found in sample HK\2379 (No. 50).
Two other cereals, viz. rye (Secale cereale) and
broomcomn millet (Panicum miliaceum), were found in
sample HK\2098 (No. 46) of the last period. In
comparison with barley, oats and wheat, rye makes no
high demands upon its environment and can withstand
even low temperatures. Its absence in subfossil records
from sites in marsh areas along rivers and coast as
mentioned by Behre (1992), may be explained by the
poordrainage of these areas in former times, causing the
soil to freeze up, to which rye is sensitive (de Smet,
1961).

Theoccurrenceof seeds of Berteroaincana in sample

HK\2098 indicates that this sample is of recent date. In
the Netherlands, this species was first collected in 1835
and was spread over a large area. Though most weed
species of this sample are also documented for the
province of Groningen in herbaria and written sources
and correspond to the last period of habitation, it is
strikingthatmany ofthem werenotfound in samples of
older periodsandhave become rare in this area in recent
times (Wasscher, 1941; Mennema et al., 1985; van der
Meijden et al., 1989). They represent both members of
the Chenopodietea, e.g. Setaria pumila and Chry-
santhemum segetum, and of the Secalietea, e.g.
Buglossoides arvensis, Arnoseris minima, Anthemis
arvensis and Papaver argemone. Apparently, the dis-
tribution ofthose weeds is characterized by a temporary
increase during the last centuries followed by strong
decline during the last decades. Many of these weeds
are specifically mentioned forsites located in the coastal
area as from late medieval times onwards. It is probable
that the influence of the sea was for a long time
responsible for preventing a successful invasion of
these weeds into the agricultural fields. The temporary
expansion capacity of weeds is illustrated by A. fatua,
which expanded its area all over the country during 25
years because of the increase of the cultivation of
summer grains. A shift towards root crops and the
introduction of herbicides resulted in a decline of its
spread during the seventies (van der Meijden et al,,
1989).

In this respect, two other exotic weeds should be
mentioned: Neslia paniculata and Bupleurum rotun-
difolium, also originating from sample HK\2098. Con-
traryto Berteroaincana,whichismoreorless naturalized
in the Netherlands, these species are considered to be
adventitious andarerepresented by the archaeobotanical
record from the Middle Ages onwards. B. rotundifolium
is mentioned for Dorestad (eighth-ninth century; van
Zeist, 1990), Leeuwarden (tenth century; van Zeist et
al., 1987) and the Oldeboorn terp (eleventh-twelfth
century; vanZeist, 1988).N. paniculatais recorded from
Groningen (c. 1650; van Zeist, 1987), Bourtange (c.
1650-1730; van Zeist, 1993), Kampen (c. 1475-1575;
Vermeeren, 1990) and from a shipwreck in the Wadden
Seathat participated in the Baltic graintrade (sixteenth-
seventeenth century; Manders, 1993). Except for Dor-
estad, all these sites are located in the northern part of
the Netherlands. Both weeds are members of the
Caucalidion lappulae and characteristic for cereal fields
on dry and calcareous soils. They have a continental
distribution and their presence in the Netherlands indi-
cate that grain was imported.

Non-cereal crops found in samples from Heves-
kesklooster are: flax (Linum usitatissimum), gold-of-
pleasure (Camelina sativa), celtic bean (Vicia faba var.
minor),turnip (Brassicarapa),hemp (Cannabis sativa)
and buckwheat (Fagopyrum esculentum) (table 10).
With the exception of some specimens of the celtic
bean, they were preserved by waterlogging only.
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Flax and celtic bean are present from the first period
onwards. During the second habitation period, the
cultivation of flax disappears in favour of turnip, but is
grown again during the third period. Flax is often found
together with seeds and capsule fragments of gold-of-
pleasure. Originally, this species entered linseed fields
as a weed, but was also cultivated for its oleaginous
seeds from the Bronze Age until the Middle Ages. As
fromthatperiod, the presence of gold-of -pleasure inthe
botanical records decreased, which was a common
phenomenon throughout Europe (Koérber-Grohne,
1988). The original weedy status of gold-of-pleasure
and the development of crop mimicry resulting in
resembling growth habit, branching pattern, flowering
time and fruit characteristics of flax, had probably
resulted in the cultivation of these species in the same
fields when flax was cultivated for its seeds. In most
samples with bothflax and gold-of-pleasure, the number
of plant remains of both species display similar
fluctuations. The onesample in which gold-of -pleasure
is present in the absence of flax, viz. HK\N0820 (No. 14),
yielded only very few seeds. Two samples of the first
habitation period in which flax and gold-of-pleasure
were both abundantly present, delivered also some
seeds of Cuscuta epilinum, a weed typical for linseed
fields now being extinct in the Netherlands for almost
sixty years.

Although seeds of the celtic bean (Vicia faba var.
minor)were found in samples of all four periods, their
number is only substantial in the second and third
period. This may be due to the relatively bad conditions
forpreservation, reducingitschance of recovery. Despite
their protection against herbivores by several toxic
factors (Janzen, 1981) and the widespread possession
of a seed coat impermeable to water, which promotes
the formation of legume seed banks (Rice, 1989), the
members of the Leguminosae were badly preserved for
archaeological research. In contrast to many records of
celtic beans from the Netherlands, Heveskesklooster
yielded uncharred seeds in many samples. Those seeds
were small in size and partly fragmented, suggesting
that they were mainly debris of crop processing.

Turnip (Brassica rapa) is frequently present in
samplesofthe last threeperiods. The status of turnip as
a cultivated crop in former times is somewhat obscure
(Willerding, 1986; Zohary & Hopf, 1988; Korber-
Grohne, 1988). It is documented that turnip is present in
the Netherlands from the Bronze Age onwards. Also
from rterps in the coastal area, inhibited from the Iron
Age onwards, this species is frequently recorded.
Although the number of seeds in the samples of the
terps is low, van Zeist (1974) assumes that in this area
turnip was cultivated. In other parts of the Netherlands,
too, the number of seeds is scarce and only for a few
sites the probability of gathering orcultivation of turnip
is suggested (Kuijper, 1986; Pals, 1988b; Brinkkemper,
1991). Tumnip is cultivated for its storage organs, leaves
and seeds. But only the oil-seed formsare detected in an

archaeological context, asdemonstratedby Schlichther-
le (1981), who found a stock of oilseeds consisting of a
mixture of turnip and Descurainia sophia. In contrast
with animal fats, the oil of turnip is liquid due to its
unsaturated fatty acids and is therefore suitable as salad
oil, raw material for making soap and for burning in oil
lamps (Bieleman, 1992). It should be emphasized that
this species was probably presentasaweed inagricultural
land or grown on ruderal habitats, like other Cruciferae
which were found together with turnip, viz. Sinapis
arvensis, Raphanus raphanistrum and Brassica nigra.
ForHeveskesklooster, thenumberof seeds in all samples
but one do not exceed one hundred specimens. Sample
HK\2283 (No. 47) shows apeak with almost 300 seeds,
and ten times as much when converted to the standard
volume of 3 litres. It should be realized, however, that
turnip may produce 1,000-23,000 seeds per plant
(Korsmo, 1954; Katiyar & Malik, 1988) and that it is
always found together with other weeds and cultivated
crops in the samples of Heveskesklooster. Though its
cultivation in this site is not ruled out, it is likely that it
did occur as a wild plant species.

Ten samples, spread over period 2-4, yielded seeds
of hemp (Cannabis sativa). Like flax, this species may
have been cultivated for its seeds and fibres. Varieties
that yield appreciable quantities of drugs are grown in
hot climates (Zohary & Hopf, 1988). As afibre and oil
crop, hemp needs sufficient warmth too and avoids
moist soils. The seeds may have been imported or
originate from plants that may have been cultivated
locally on well-drained soils. Fibres were used to make
ropes, while seeds may have been used to extract oil
used to produce soap and varnish (Reinders, 1893).
Most Dutch subfossil records of hemp aredated to late
and post-medieval times. Records of older date, origi-
nate from Uitgeest (first-second century AD; Pals,
1988a), Leeuwarden (from tenth century onwards; van
Zeist et al., 1987) and Amsterdam (from thirteenth
century onwards; Paap, 1983).

The last crop plant to be mentioned is buckwheat
(Fagopyrum esculentum). This species was introduced
into Europe in the late Middle Ages. This crop is
sensitive to low temperatures and mainly cultivated on
sandy soils and in peat bogs where ditches were dug to
lower the water level and where the upperpart was burnt
to ashes. The first written accounts for its cultivation in
the Netherlands are for Zutphen (1390 AD) and
BlaarthemnearEindhoven (1391 AD). This corresponds
well with an increase of the pollen records from the
fifteenth century onwards (Bieleman, 1992; Leenders,
1987). Obviously, the oldest record based on subfossil
seeds originates from Dommelen, located about ten
kilometres south of Eindhoven, but is dated to about the
seventhcentury AD and indicatesincidental cultivation
in this area (Pals, 1988b). All other subfossil macro-
remains of this species do indeed originate from the
fifteenth century onwards and are scattered all over the
country. The sample of Heveskesklooster that yielded
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buckwheat, viz. HK\2098 (No. 46), is quite recent and
the crop may have been imported from the peat soils and
soils reclaimed from cut-over peat south-west of
Heveskesklooster. During the eighteenth and nineteenth
centuries buckwheat, providing high yields on poor
soils, was especially cultivated during periods in which
prices of cereals and potatoes increased, thus taking
advantage of a need for cheap food (Slicher van Bath,
1987).

3.3.2. Other economically important plants

Many plants found in samples of Heveskeskloostermay
havebeen utilized by man in several ways. Determining
the number of species that comes into consideration is,
however, somewhat arbitrary. Plants with a potential
for utilization may have grown onthe terp or in the near
surroundings without any serious application. This
applies probably forspecies like Beravulgaris, Sambucus
nigra, Salicornia europaea, Apium graveolens, Pasti-
naca sativa, Daucus carota and Chelidonium majus.
Although some of them were cultivated in the course of
time, it is plausible that the plant remains of Heves-
kesklooster were derived from wild specimens. Plant
remains may also have been transported to the rerp by
other agents than man, as is illustrated by the analysis of
drift litter material (Cappers, 1993). Particularly low
frequencies of economically important plants ensure by
no means utilization by man and the plant remains may
have been transported from remote areas and deposited
on the terp during storm surges. Cesspits containing
plantremainsofedible plants indicate unmistakably the
usage by man, but this could not be demonstrated for
Heveskesklooster.

A compilation of non-agricultural plants with
(potential) economic valueis presented intable | 1. This
survey shows thatthenumber ofthese plants increasein
time. Theonly species presentduring the first habitation
period,arebrambles (Rubus fruticosusandR. idaeus) and
Isatis tinctoria. Although the latter is represented by
fruit remains in many samples dated to the first period,
it is absent in samples of later periods. In contrast with
otherdye plants such asAnthemis tinctoria, the pigment
of I tinctoriabecomes available only after fermentation,
followed by reduction and oxidation. Nevertheless,
writtensources pointoutits use in early historical times,
while archaeobotanical evidence even dates back to
prehistoric times (Korber-Grohne, 1988). The presence
of I. tinctoria in Heveskesklooster is the first archaeo-
botanical record for the Netherlands and also the first
location beyond its present distribution in the fluviatile
district (Mennemaet al., 1985). Also in Germany is its
distribution mainly restricted to the drainage basin of
the Rhine (Haeupler & Schéonfelder, 1988), while the
few locations in Niedersachsen may be considered as a
relic of its cultivation. The disjunct location of the terp
with respect to the distribution of the species and the
numberof samples that yielded plantremains, thoughin

Table 11. Economically important, and for the most part non-
agricultural plants of Heveskesklooster per period. Numbers are
represented as a range (see table 2).

Period
| 2 3 4

Edible fruits
Rubus fruticosus s.1. 4 2 5
Rubus idaeus 2 - 3
Prunus cerasus - -

Prunus domestica ssp. insititia - - 2
Malus sylvestris - - 2
Fragaria vesca = = *
Ribes nigrum - - -
Vacciniun sp. - - -
Ficus carica - -
Vitis vinifera - -

(S e clie e B S e WP S I S

Condiments, vegetables and medicinal plants

Cichorivm intybus - - -
Petroselinum crispum - ® -
Foeniculum vulgare - - -
Anethum graveolens - - -
Ruta graveolens - - -
Humulus lupulus - - 4
Coriandrum sativim E B -
Papaver somniferum - - -
Aframomum melegneta - - 1
Atropa bella-donna - - -
Hyoscyanmus niger - 1 4

N BE— "' NN AW

Dyes
Isatis tinctoria 4 - N
Anthemis tinctoria - e 5 ‘1

small number, makes it likely that the plant was indeed
cultivated on the rerp.

The number of economically important, non-
agricultural plants of the second habitation period is
limited, just like the agricultural plants. Only a few
seeds of Rubus fruticosus and Hyoscyamus niger were
found. Equal to the increase of agricultural plants, the
spectrum of other economic plants is enlarged from the
third period onwards. Most of these plants have been
recorded from many Dutch sites, particularly from the
Middle Ages onwards. Indigenous plants are sparsely
recorded from pre-medieval periods, but do include
settlements in the northern part of the Netherlands, such
as Humulus lupulus in Iron Age settlement remains of
Noordbarge (van Zeist, 1983), Hyoscyamus niger in
Neolithic Aartswoud (Pals, 1984), Malus sylvestris in
both Neolithic Aartswoud (Pals, 1984) and Swifterbant
(van Zeist & Palfenier-Vegter, 1983) and Prunus
domestica in samples of Ittersumerbroek dated to the
late Bronze Age andearly Iron Age (Vermeeren, 1991).
On the contrary, plants found in Heveskesklooster
imported in the Netherlands from the Roman period
onwards, have so farnot been recorded from sites north
of the Dutch-Roman frontier dated to this period,
although there is evidence for trade contacts with sites
inthe Netherlands at a relatively greatdistance from the
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Roman frontier (Pals et al., 1989).

Despite its remote location, samples of Heveskes-
klooster yielded somerare species. In addition to /satis
tinctoria already mentioned, they are: Ribes nigrum,
Cichorium intvbus, Atropa bella-donna, Anthemis
tinctoria and Aframomum melegueta. As far as they
were found in other Dutch sites, these species are
recorded mostly from late Middle Ages and Modemn
Times (vanden Brink, 1985, 1988; vanden Brink & de
Groot, 1984; Buurman, 1989; van Dongen, 1987,
Kuijper, 1986; Paap, 1983; Vermeeren, 1990; vanZeist,
1992a,b; van Zeist et al., 1987). Of special interest is A.
melegueta,amemberofthe Zingiberaceae thatoriginates
from the coastal area of West Tropical Africa and, after
its introduction in South America, is cultivated in
Surinam and Guyana. The seed coat consists of four
layers, the middle two of them containing oil and
resinous elements. Not only the seeds, but also the pulp
of fruits, the stem, leaves and roots are used. Their use
is diverse and include the application for medicines,
spices and perfumes (van Harten, 1970). Several
common names are known for the seeds, among them
‘grains of paradise’ because of its high value and the
unknown country it wasimported from, and ‘Melegueta
pepper’ referring to the sharp taste of the seeds. The first
knownreference tothe plantdates from 1214 AD, while
written sources dated to 1358 and 1871 reveal thatseeds
were transported to the Netherlands (van Harten, 1970).
Archaeobotanical evidence of A. melegueta is scarce,
and may partly be due to problems with identifying it.
In Germany, the species is mentioned for three sites:
Kiel (sixteenth century), Liibeck (sixteenth century and
later) and Gottingen (sixteenth century) (Wietholt &
Schulz, 1991). A same numberofrecords of this species
is known from the British Isles: Worcester (fifteenth
century), Taunton (sixteenth century) and Shrewsbury
(eighteenth century) (Greig, in press). The datings of
these finds fit in with those of Heveskesklooster. A.
melegueta stresses the importance of the site, not only
because of the presence of a cloister which had a
representative function for guests (Noordhuis, 1990),
but also because of the location along the former road
between Groningen and Emden, which certainly may
have had some functions in the supply of exotic products.

A last category of plants is ornamental plants of
which several representatives were found: Hyssopus
officinalis (also recorded for its medical properties),
Silybum marianum, Nigella arvensis and Aquilegia sp.
These plants were found in sample HK\2098 (No. 46)
only and are of recent date.

3.3.3. Evidence from written sources

During the third habitation period, a detailed book-
keeping was performed including information on the
amount of properties, the cultivation of crops and the
kind of animals that wereraised. Unfortunately, most of
the books and registers of the cloister were destroyed in

the beginning of the sixteenth century by acts of war.
The only reports that have stood the test of time are
dated to 1495, 1540, 1555, 1598 and 1610, thus
concerning the last phase of the third habitation period.
The data obtained from these reports are taken from
Noordhuis (1990) and de Crevelt (1540).

The land kept in the possession of the cloister may
have amounted to some 2000 hectares during the
sixteenth century. Most of it was leased out and only
200-300 hectares were for personal use. The rent may
have provided a good standard of living, though some
of the land did not bring in much as it was located
outside the dyke nearby the Dollard or was temporarily
out ofuse due to floodings (Noordhuis, 1990).The large
landownership enabled the monastic order to use the
valg to build a church and layout a churchyard. The
spread of the fields and grassland, especially southwest
of Heveskesklooster insofar has beendocumented, may
have hedged sufficiently against flooding disasters that
frequently affected the coastal area during the fifteenth
and sixteenth centuries and resulted in the temporary
loss of much land (Gottschalk, 1975, 1977; Slicher van
Bath, 1987).

Theland wasused both as grassland and as agricultural
land and included some bogs nearby Slochteren. The
livestock comprised cattle, horses, pigs and sheep. The
investment in four cereals is mentioned in a report of
1540: Barley (index-figure: 15), oats (index-figure:
15), rye (index-figure: 7.5) and wheat (index-figure: 1).
Of both barley and oats it is reported that they were
cultivated on the fields. With respect to rye and wheat
only the amounts are mentioned, implying that they
were probably not cultivated on the fields that were in
personal use. On the other hand, it is reported that the
rent was sometimes payed with oats and rye, indicating
that also rey was cultivated at least irregularly on land
on lease. It is striking that relatively many subfossil
grains and threshing remains of barley and oats were
found in samples dated to the third habitation period,
whereas only one single charred wheat grain was found
in asampledated to the third period and remains of rye
were found only in samples of the last period. Apparently,
the chance of finding subfossil remains of cereals
depends on the fact whether the crop was locally
cultivation and processed within the site. Imported
cereals are usually free of threshing remains and
accompanying weeds, and are recovered mainly in
feature types like cesspits and storage places. The
recovery of remains of these species in for example
dung layers or ditches, depends much on disasters and
are only found in low numbers. One such disaster
happened in 1583 in Heveskesklooster when soldiers,
dissatisfied with their payment, plundered the cloister
and set the buildings to fire, some of which stored with
hay and grains (Noordhuis, 1990). It is possible that
sample HK\2392 (No. 51), which contained relatively
many charred seeds of a wide spectrum of species (table
5), can be related with this disaster.
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In addition to differences in local cultivation versus
import and to bias affected by feature type, sampling
location and preservation, the discrepancy between the
subfossil record and written sources as to the
consumption of cereals may also be explained by the
fact that samples of the third habitation period do not
represent the sixteenth century. On the other hand, it
seems unlikely that rye was not cultivated or imported
in Heveskesklooster before, judging the amount of rye
that was consumed in the fifteenth century and the
subfossil records of other sites (e.g. van Zeist, 1979).
Summarizing, one could say that the find of a limited
number of grains do not merely indicate admixtures of
other crops. Crop rotation may result in admixtures, but
also implies that the contaminantcrop was cultivated in
alternate years. To exclude this possibility for the site
concerned, athorough sampling strategy must be carried
out.

It is reported that wheat and rye were used in bread
making; black rye bread was available for visitors and
the poor, and white wheat bread wasmeant for personal
use. Oats and barley were cultivated for stock-feeding
and beer brewing. Although oats are mostly cultivated
as forage crops for animals, it is also used in porridge
and for brewing beer. Reinders (1893) mentions that in
the province of Groningen a strainofoats wascultivated
especially for beer. The find of seeds from Humudus
lupulus fits in quite well with the brewing of beer.
Although both H. lupulus and Myrica gale are indige-
nous species and are recorded on the basis of subfossil
macro-remains since the Neolithic (Raven & Kuijper,
1981; van der Wiel, 1982; Gotjé, 1993), the former is
only replaced by the latter in brewing in the Netherlands
during the late Middle Ages (Slicher van Bath, 1987).
When cultivated for brewing purposes, H. lupulus is
preferably grown in the absence of male specimens,
thus preventing seed production which, in turn, is
favourable for the production of lupulin glands on the
bracteoles of the female cones. According to Behre
(1984), however, this practice was only introduced in
Modern Times,sothat the find of seeds maybeindicative
of the use of H. lupulus in brewing. The report drawn up
in 1540 gives that H. lupulus was bought for brewing
purposes by the cloister of the Johanniters in Wijtwerd,
some 30 kilometres northwest of Heveskesklooster,
while for Heveskesklooster itself it is registered that,
besides using home-made beer, also several kinds of
beer from Germany were imported.

The reports also mention the presence of trees and
some nursery-gardens. Remains of Betula sp. were found
in samples of all habitation periods. On the basis of
complete fruits and bracts, B. pubescens could be
demonstrated for the first and third period, while B.
pendula was present in a sample of the last period.
Although both fruits and bracts may have been
transported by wind and waterand Betu/a is not common
in the clay district (Weedaet al., 1985; van der Meijden
et al,, 1989), it is possible that they grew on the rerp as

from the first habitation period to protect the rerp
dwellers from severe winds. From the second period
onwards, remains of Sambucus nigra, Salix viminalis
and Quercus sp. are found too. Considering ecological
demands and present distribution (van der Meijden et
al., 1989). it is reasonable to assume that S. nigr« and S.
viminalis grew on the terp. Although Q. roburisnot very
common in the clay district, the presence of bud scales
and twigs does not rule out the possibility that this tree
once grew on the rerp. It is also possible that twigs were
imported for making brooms or that the remains were
depositedon the terp by water. The 1 540 reportmentions
thatwoodwas bought, though it wasmeant for properties
in Goldhoorn. Additionally, Prunus domestica ssp.
insititia is present in samples of the third and last period
and may have been cultivated for its fruits.

Unfortunately, the reports do not present the names
of species that were cultivated in the nursery, nor do
they provide an itemized statement of plants that were
obtained from the pharmacist, which makes it impos-
sible to compare archaeobotanical records and written
sources in this matter.

3.3.4. Comparison with other Dutch terps

The agricultural plants documented of the ferps in the
northern part of the Netherlands on the basis of
archaeobotanical data are summarized in table 12. The
terps are arranged in decreasing order as to the number
oftaxarecorded foreach period, in whicha low number
corresponds with a high number of taxa (compare table
9 and fig. 11). In principle, the same terps and periods
are analyzed as those selected for the analysis of the
environmental characteristics. Two terps, viz. Oos-
terbeintum (terp 18) and Dokkum/Berg-Sion (terp 23),
yielded some wild plant species but did not reveal any
agricultural plants. On the other hand, only a few
agricultural plants were recorded for some other terps,
viz. Achlum (terp 24), Tzum (terp 25), Wadwerder
Wierde (terp 26) and Usquert (rerp 27).

The main cereal cultivated by the terp dwellers is
Hordeum vulgare. Apart from the possible confusion
withthe wild species A. fatua, A. sativa is only mentioned
foralimited numberof'sites. It remains doubtful whether
A. sativa was cultivated by Dutch terp dwellers in pre-
medieval times. A. sativa as well asA. fatuaare frequently
recorded only from the Middle Ages onwards for
settlements along the German part of the coastal area
(Korber-Grohne. 1967; Behre, 1970, 1972, 1976, 1986,
1991; Kucan, 1979). Because oats are mostly found as
charred grains only, whereas other cereals were
frequently recovered also by their waterlogged fruit
envelopes and threshing remains, Behre (1991) points
out that evidence for oats may not be representative and
assumes that A. sativa was cultivated in the coastal area
also in the Roman Period. This assumption, however,
does not fit in with the use of oats for animal nutrition.
Seeds of oats fed to a cow remained partly undamaged
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Table 12. Agricultural plants recorded from the Dutch terps. The numbers of the rerps and abbreviations of the periods correspond with those of

table 9.

Species Periods and ferps
IA-RP RP RP-MA MA
45 6 B 2.7 8 9 10
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1A-MA

oo oMdo0s 16 17 18 19 2

[

¥ 0 2

Haordeum vl gare

(hulled) X X X -
Avena sativa 7 - - -
Secale cereale - - - -
Triticum dicoccum X B - -
Triticum aestiviem - - - -
Panicum miliaceum - - - -

>x X X X x
'
'
'
'

Linum usitatissinum X
Camelina sativa X
Vicia fuba (var. minor) — x
Brassica rapa* X
Cannabis sativa -
Pisum sativiem -
Sinapis alha - - - -
Lactuca sativa - - - -

X o X X
'
'

.
\
X X X X 1 ox x !
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' ldentifications to the level of genera are marked with *?".
! Taxa that include B. napus are marked with *?",

inthedigestive system (Neef & Bottema, 1991). More-
over, when dung is collected and used as fuel, this may
be considered an important source of charred seed
assemblages (Bottema, 1984). Although restricted to
the second and third habitation period, many samples
from Heveskesklooster yielded waterlogged fruit
envelopes, chaff and tops of pedicels (see fig. 15.8) of
wild and cultivatedoats. Especially in terps, it isassumed
that those remains will have had a good chance to
become preserved, but may have been overlooked.
Other cereals are only rarely mentioned, not even for
sites with many taxa.

Crop plants other than cereals recorded for many
terps, are: Linumusitatissimum,Camelina sativa, Vicia
faba var. minor and Brassica rapa. Each of those plants
is represented in both the Roman Period and Middle
Ages. Together with the cerealsand livestock, they will
have providedthe rerp dwellers with sufficientamounts
of carbohydrate, protein and oil. Vegetables that were
cultivated for their roots, stems and leaves are almost
notrepresented by seeds in the archaeobotanical record.
An exception is lettuce (Lactuca sativa) from Leeu-
warden dated to the fifteenth century (van Zeist et al.,
1987). Even when not cultivated, the environment of
the terps supplied several plants that were probably
gatheredfornutritional purposes. A detailed discussion
on this subject is given by van Zeist (1974).

Non-agricultural plants that are economically
important are very well represented in Leeuwarden and
are both indigenous plants, such as Humulus lupulus,
Hyoscyamus niger and Vaccinium myrtillus, and exotic
plants, such as Vitis vinifera and Ficus carica. From the
other terps, especially fruits from trees are recorded:

Corylus avellana (Ezinge, Ferwerd and Rasquert),

Juglans regia (Oldeboomn), Malus sylvestris (Olde-

boorn), Pyrus communis (Oldeboorn) and Prunus
spinosa (Ezinge). These species were also mentioned
for Leeuwarden, except for the last one.

Especially with respect to agricultural plants, He-
veskesklooster corresponds quite well to assemblages
of the other rerps. On the other hand, samples of He-
veskesklooster dated to the third period proved to be
veryrich in othereconomically important plants and its
richnessisequal tothe Leeuwardenrerponly. However,
it should be stressed that this discrepancy may be partly
the result of the rough periodization, camouflaging the
differences in age, and the unbalanced number of taxa
that have been recorded for the terps, which, in turn, is
partly correlated with the volume of the samples that
was investigated. Nevertheless, the botanical richness
of Heveskesklooster underlines the status of the ferp in
which the presence of the commandery of the order of
Johanniters was surely an important factor.

3.4. Examination of pollen

The pollen diagram of Heveskesklooster comprises the
upper part of the basal peat (BP) and the clay layers
belonging to Dunkerque 1 (DI-B la,c) and Dunkerque 11
(DIl), intercalatedby a Phragmites/Scir pus horizon (DI-
B 1b) and two vegetation horizons (VH-1,2), and the
lowerpartofthe terp belonging to the second habitation
period (fig. 12). The first habitation period coincides
with the Phragmites/Scirpus horizon, the clay layer
(DI-B lc) and the vegetation horizon I; the second
habitation period starts with the formation of vegetation
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Fig. 12. Pollen diagram of Heveskesklooster.
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horizon 2. The diagram is discussed with respect to this
lithology.

The basal peat layer is dominated by Sphagnum and
Ericaceae, including Calluna. Schoute (1984), who also
examined an exposure of Heveskesklooster, charac-
terized this layer as a Phragmites peat and the pollen of
Gramineae of this zone will, therefore, partly belong to
this taxon. The predominance of Sphagnum and
Ericaceae could not be demonstrated in the basal peat
layer present in the Schildmeer area (Bohncke, 1984).
Nevertheless, one of the arguments presented by
Bohncke to exclude the possibility of dispersal by
drainage waterorreworked material, viz. the independent
courseofboth curves, is also valid for Heveskesklooster.

Thechange of peatlayerto clay layers is characterized
by: 1) the strong decrease of the Ericaceae, 2) a strong,
temporarily increase of the pollen percentage of
Gramineae, Corylus/Myrica-type and spores of Sphag-
num, and 3) the more permanent increase of Dryopteris-
type, Quercus robur-type, Pinus, Chenopodiaceae, Cy-
peraceae and Gramineae.

Thetemporary increaseofthe Gramineae is preceded
by high Corylus/Myrica-type value. Probably most of
the Corylus/Mvrica-type is Myrica gale which may have
grownalong draining gulliesin the peat. The increase in
therateof sealevel rise resulted in a gradually silting up
of the environment and finally the washing over of the
peat by the sea. In this transition phase, particularly
Phragmites australis may have expanded on the mud
flats, resulting in vastreed marshes. It is remarkable that
the Dryopteris-type curve becomes dominant as from
that phase, though it alternates to some extent with the
curves of the grasses. It is likely that this is Thel ypteris
palustris as its leaf fragments were often found in
samples of the first and second habitation periods. In
other terps too, macro-remains of this fern could be
demonstrated in association with reed (e.g. Korber-
Grohne, 1967. Behre, 1976), suggesting that the
Thelypterido-Phragmitetum was widespread along the
North Sea coast in former times.

Analysis of macro-remains revealed that only a
limited numberoftrees may have grown onthe terp, viz.
Quercus,Salix viminalis, Betula pendula, B. pubescens
and Sambucus nigra. With the exception of the last
mentioned species, pollen of these trees are present
throughout the diagram, though identified on the level
of genus. Some of the other trees found through pollen
may have growninthe vicinity, like Alnus and Fraxinus
excelsior.Pollen fromtrees like Pinus, Picea and Abies
were possibly transported over large distances.

Considering the evidence of the macro-remains, the
increase of pollen percentages of Chenopodiaceae,
Cyperaceae and Gramineae comprises both the
expansion of halophytes, like Salicornia europaea,
Suaeda maritima, Carex distans and Puccinellia spp.,
and of glycophytes. Halophytes of other families are
also represented by pollen. viz. Spergularia-type,
Plantago maritima, ArmerialLimonium, and Glau.x,

though their percentages remain scattered and low.
They all have their counterparts in the record of macro-
remains, and particularly Spergulariamaritima,S. salina
and Plantago maritima were often found.

The Phragmites/Scirpushorizonis characterized by
four taxa. Firstly, the Phragmites curve increases,
followed by a short predominance of Chenopodiaceae
and Senecio-type, while the upper part in this horizon is
dominated by Cyperaceae. The macrobotanical analysis
of soil samples taken from the same profile,done by van
Klinken (1986), provides less information about the
species level of these taxa. An increase in Scirpus
maritimus was demonstrated only in the upper part of
the horizon. Although Aster tripolium may be responsible
for the increase of the Senecio-type, as postulated by
vanKlinken, the presentstudy shows that this speciesis
by no means restricted to a limited number of samples.

Both vegetation horizons are characterized by an
increase in the pollen percentages of Gramineae and
Cyperaceae. Analysis of macro-remains by van Klin-
ken reveals thatatleast Phragmites australis,Poa annua
and Poa pratensis/trivialis represent the grasses. On the
other hand, no predominance of macro-remains of the
goosefoot family could be demonstrated. Although
samples of the first habitation period coincide with the
first vegetation horizon, and those of the second period
with the upper part of the second vegetation horizon, it
is not possible to establish which species were actually
expanding during these phases.

Twoobligateindicators of human activity are Cerealia
and Plantago lanceolata. Theanalysis of macro-remains
has revealed that during the first two periods Hordeum
vulgare and Avena sativa were cultivated. Plantago
lanceolata, on the other hand, has only been recovered
fromsamplesbelonging to the third and fourth habitation
periods. In general, this species is relatively rare in the
archaeobotanical record, and it is likely that it is
underrepresented in palynological research. The pollen
record of Plantago lanceolata is mainly synchronized
with the second habitation period, while the pollen
record of Cerealia is present in many sections of the
pollendiagram. Insofarthesesections do not correspond
with the occupation of Heveskesklooster, the pollen
originated possibly from remote fields that were not hit
by floodings.

Taxaofvascularplantsdemonstrated by non-arboreal
pollen butare missing at all taxonomic levels of botanical
macro-remains are: Calystegia, Filipendula and Spar-
ganium-type. Species considered forthe first mentioned,
are quite rare in the Dutch subfossil record of macro-
remains. These taxa, however, fit quite well with the
other taxa found in samples of Heveskesklooster.

4. IDENTIFICATION REMARKS

Both archaeobotanical literature and monographs on
seed and fruit morphology provide a rich source of
drawings and descriptions. Therefore. it was not felt as
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anecessity to pay attention to diaspores that have been
published frequently. A selection was made from plants
that did not frequently occur in the subfossil record or
were preserved by remains that are not commonly
found. Measurements refer to length and breadth
respectively.

Thelypteridaceae

Thelypteris palustris (fig. 13:1)

Several samples yielded leaf fragments of this species.
The entire margin ofthe segments is obviously inrolled.
Thelateral veins are mostly branched nearby the midrib
and usually also halfway the segment. Little hairs
scattered over the underside were also still present.

Salicaceae

Salixviminalis (fig. 13:2A,B)
(3.3-)4.2(-5.1)x(1.0-)1.4(-1.7) mm (N=16; s.d. 044
and 0.27); fruits.

Bothleafand fruit fragments were found of S. viminalis.
S.viminalisis the only Dutch species that has very small
leaves and recurved margins. The lower side is densely
sericeous and is also characterized by a relatively broad
midrib. Fruits of Salix spp. are very much alike
(Tomlinson, 1985) and they were attributed to this
species as no other willows could be demonstrated on
the basis of leaf fragments. The fruit consists of two
parts, of which the upper part may split.

Chenopodiaceae

Beta vulgaris (fig. 13:3)

In some samples parts of the fruit were found. The seed
was still present in only one specimen. The inner sides
of the fruit parts clearly shows the impression of the
seed. The edge is also marked by five scars. The fruit
wall is thick and spongy, making the fruit suitable for
long distance dispersal by water. Fruits of the reference
collection showed nodifferences between fruits of wild
species and cultivated ones.

Chenopodium hybridum (fig. 13:4)

1.9 mm in diameter (N=1)

The discus shaped seed is characterized by a protruding
reticulate cell structure. The cells have thick cell walls
radiating from the centre. On one side, there is a furrow
from the centre to the edge between the radicle and the
cotyledons.

Caryophyllaceae

Saponaria officinalis (fig. 13:5)

1.9-2.4x1.7-2.4 mm (N=3)

Shape, size and surface structure provide an
unmistakable combination of features for this species.
Elongated plates are arranged in concentric rows.

Ceratophyllaceae
Ceratophyllum demersum (fig. 13:6)
4.0-4.8x2.8-3.0 mm (N=2)

C. demersum has relatively large fruits that are cha-
racterized by two lateral spines. Thebasal stalk wasstill
present in one specimen. The presence of spines
differentiates thisspeciesfrom C. submersum. The fruit
wallisalmost0.4mmthick andisclearly distinguishable
from the inner seed coat.

Ranunculaceae

Nigella arvensis (fig. 13:7)

Oneslightly damaged seed wasidentified as N.arvensis.
It has two broad lateral planes and a smaller rounded
dorsal plane. The entire surface is covered with
translucent papillae. Where these papillae disappeared,
the large isodiametric epidermal cells became visible.

Aquilegia sp. (fig. 13:8)

2.8x1.6 mm (N=1)

One seed was found in HK\2098 (No. 46) that
unmistakably could be determined as Aquilegia,
althoughitsidentificationtothelevel of species remained
uncertain. The black seed has a distinct keel, which
becomes broader near the base. The opposite side is
rounded and bordered by twodistinct lateral ridges and
inbetween these two ridges a weakly developed pattern
of ridges is visible. These ridges, however, are lacking
inA.vulgaris, the only native species that would qualify.
Taking into account the recent date of the sample, it
probably is a cultivated species.

Papaveraceae

Papaver argemone (fig. 13:9)
(0.9-)1.0(-1.3)x(0.5-)0.6(-0.7) mm (N=I1; s.d. 0.10
and 0.05)

The seeds are more or less kidney shaped, the radicle
often bend. The reticulate pattern differs from other
Papaver spp. by its elongated cells, arranged in a few
rows.

Cruciferae

Isatis tinctoria (fig. 14:1)

Parts of the fruit were found in several samples. Like the
remnants found in the Feddersen Wierde (Korber-
Grohne, 1967), they are the central part of the fruit and
wereidentifiedby theirspongystructure,theabsenceof
asiliculaand the coarse reticulate pattern on the eroded
outsides. No seeds were found.

Berteroa incana (fig. 14:2)
(1.6-)1.8(-2.2)x(1.1-)1.5(-1.7) mm (N=22; s.d.: 0.16
and 0.15)

The seeds have an irregular shape, varying from almost
round to elliptic; in some specimens the basal notch is
pointed. Theblack surfaceis covered with small papillate
cells, which are roundish with the exception of a strip of
elongated cells in the centre of the seed and ending in a
basal notch.
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Fig. 13. L. Thelypteris palustris: 2A-B. Salix viminalis: 3. Beta vulgaris. 4. Chenopodiwm hybricm: 5. Saponaria officinalis. 6. Ceratophyllum

demersunt. 7. Nigella arvensis. 8. Aquilegia sp.. 9. Papaver argemone.

Lepidium campestre (fig. 14:3)

2.6-2.7x1.5-1.8 mm (N=3)

The ovate seeds have a large radicle, the top of which is
nearly as long as the cotyledons. The surface is covered
with many fine papillae.

Raphanus raphanistrum (fig. 16)
Seeds of this species show a considerable range in size,

reflecting differences in size of the fruit segments and
probably also in populations they originate from.
Nevertheless, they are larger than the more uniform
seeds of S. arvensis. As subfossil beaks of fruits of S.
arvensis lost their upper part in most cases and as they
contain at least one seed, they resemble at first sight the
siliqua portions of R. raphanistrum, which may lead to
the misunderstanding that seeds of both species are
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Fig. 14. 1. Isatis tinctoria; 2. Berteroa incana; 3. Lepidium campestre: 4. Ribes nigrum; S. Ruta graveolens; 6. Malva neglecta; 7. Myriophyllum
spicatum; 8 Myriophyllumverticillatum: 9. Oenanthe lachenalii; | 0. Bupleurumrotundifolivm; 1 1. Bupleurumtenuissimum: 12. Andromedapolifolia;
13. Cuscuta epilinum:. 14. Buglossoides arvensis. 15. Echium vulgare; 16. Symphytum officinale.

equal. See for a comprehensive discussion van Zeist et Saxifragaceae

al. (1987). Moreover, the epidermal cells of R. Ribes nigrum (fig. 14:4)
raphanistriom are more distinct and elongated and the (1.9-)2.4(-3.5)%(1.0-)1.4(-1.8) mm (N=78; s.d. 0.32
lumina is clearly visible at a magnification of 45X. and 0.21)

Most seeds were flattened, which increased its width.
Remains of the fruit were still partly attached to the
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seed, and some seeds contained their endosperm. Most
seeds were damaged as a result of passing through the
intestinal canal. Seeds of this species are smaller than
seedsof R. rubrum and R. uva-crispa, as is the diameter
ofthe small, thick-walled isodiametric cells of the seed
coat. The seed is spindle-shaped and has a long hilum.

Rutaceae

Ruta graveolens (fig. 14:5)
(1.9-)2.4(-2.9)x(0.9-)1.2(-1.5) mm (N=4, s.d. 0.51 and
0.42)

The dorsal side is strongly bent, while the ventral side
is either bentor straight. A double ventral ridge encloses
the hilum and is somewhat widened at one end. The
dorsal surface is bordered by single ridges. The surface
is covered with an irregular pattern of warts.

Malvaceae

Malva neglecta (fig. 14:6)

2.3-2.5x2.2 mm (N=2)

The fruit remains were still attached to the seeds and
have a distinct reticulated pattern which is more coarse
than that of M. alcea, but lacks the raised ridges
characteristic for M. sy/vestris. The dorsal part of the
fruit of M. moschata is covered with hairs.
Haloragaceae

Myriophyllum spicatum (fig. 14:7)

2.2-2.3x0.9-1.0 mm (N=2)

The fruits are triangular in cross-section and have
several spines on the dorsal edges and on the dorsal
surface butto alesserdegree. The ventral ridge is rather
distinct due to the concave sides.

Myriophyllum verticillatum (fig. 14:8)
2.0-2.3x1.1-1.2 mm (N=2)

Comparedto M. spicatum,the fruits are slightly broader
and spines are lacking. The hilum seems to be more
prominent, while the ventral ridge is not accentuated.

Umbelliferae

Oenanthe lachenalii (fig. 14:9)

All fruits of this species missed one or both of the
characteristic broad lateral ribs. They then bear
resemblance tofruitsof D. carotaforsize andshape,but
lackthetypicalspines. Specimens thatlack both ventral
ribs, show still three broad strips on the ventral side,
contrasting with the three smaller ones on the dorsal
side. The oil-bodies in between the ribs are mostly dark
coloured. The fruits are much smaller than the more
common O. aquatica, which shows some resemblance
with this species.

Bupleurum rotundifolium (fig. 14:10)
(3.1-)3.3(-3.5)x(1.5-)1.7(-1.9) mm (N=8; s.d.: 0.19and
0.14)

The black fruits have a hollow ventral side and a
rounded dorsal side. There are five narrow dominant

ribs and two in between those ribs. The latter are
irregular in shape, tending to a zigzag design. Towards
the top. the ribs often become more pronounced.

Bupleurum tenuissimum (fig. 14:11)

2.2x1.6 mm (N=1)

Although the fruit is relatively short. it is rather curved.
Thecross-sectionof the fruit is broadly ovate in outline.
There are five prominent ribs and the areas in between
are covered with large warts.

Ericaceae

Andromeda polifolia (fig. 14:12)

1.1-1.2x0.8-0.9 mm (N=2)

The small, broadly elliptic to ovate seeds are somewhat
flattened and have rounded sides. The hilum is laterally
situated at the narrow end. The somewhat spongy seed
coat has a glossy, darkbrown to blackish surface. The
irregular cell pattern, consisting of many-sided cells is
hardly difficulty to see.

Convolvulaceae

Cuscuta epilinum (fig. 14:13)
(1.6-)1.8(-1.9)x(1.3-)1.5(-1.7) mm (N=5; s.d.: 0.1 I and
0.15)

Seeds of C. epilinum are elliptic to circular in shape,
often with some dents. They are larger than seeds of C.
epithymum (max. 0.9 mm) and smaller than C.
lupuliformis (min. 2.5mm), thelatteralsodistinguished
by its irregular shape. Seeds of C. europaea are just as
large, but differ in the height of the epidermal cells and
the obviousness of thehilum. Inseedsof C. epilinum,the
epidermis cells are relatively high, which makes the
outer cell layer almost transparent. Although the cells
become smaller towards the hilum giving it a deviate
circularpattern, this areaoftheseedsislessconspicuous
than in C. europaea.

Boraginaceae

Buglossoides arvensis (fig. 14:14)

2.7x1.7 mm (N=1)

Sample HK\2098 (No. 46) yields many seeds of B.
arvensis, all fragmented but one. The fruitwall is thick,
white and irregular papillate with the exception of the
smooth basal part that is connected to the gynobasis.
The thin brown seed coat s still presentat the inner sides
of the fragments, resulting in a characteristic colourful
contrast. The complete fruit isunmistakably recognized
for its shape.

Echium vulgare (fig. 14:15)

2.7x1.8 mm (N=1)

The only member of the Borage family that resembles
this species both in size and shape, is Buglossoides
arvensis. Seeds of E. vulgare,however, are more sharp-
featured and the basal part that is connected to the
gynobasis is larger and surrounded by a prominent
ridge. Moreover, the surface is dark coloured and warts
are small.
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Symphytum officinale (fig. 14:16)

4.6X2.6 mm

Seeds of this species are not easily confused with other
membersofthe Boraginaceae. Thehilum almost covers
half ofthe length of the seed. Between the hilum and the
top of the seed there is a prominent ridge, whereas this
ridge is only visible at the top of the dorsal side. The
very small epidermal cells clearly visible on recent
seeds, are not conspicuous at the black, bumpy surface
of the subfossil specimen.

Labiatae

Hyssopus officinalis (fig. 15:1)

One seed was found in HK\2098 (No. 46). The hilum is
relatively large and the black surface is wrinkled in a
typical way. The top ofthe seed, slightly damaged in the
subfossil specimen, is variable in outline: it varies from
truncate to triangular.

Salvia verticillata (fig. 15:2)
(1.7-)2.0(2.4)x(1.2-)1.4(-1.7) mm (N=16; s.d. 0.18 and
0.14)

In comparison with other Salvia spp., S. verticillata has
small seeds. The largest diameter is below the middle.
The surface is covered with small warts, while the weak
ribs on the dorsal side are mostly not preserved.

Solanaceae

Atropa bella-donna (fig. 15:3)

1.9x1.5 mm (N=1)

Subfossilseedsof A.bella-donnaand Hyoscyamus niger
resemble each other more than recent seeds. Due to
corrosion, the cell pattern of the seed coat becomes
more pregnant in A. bella-donna. In contrast with H.
niger,thiscellstructure ismoreregularandlesselevated.
Besides, seeds of A. bella-donna are slightly larger and
the hilum is more protruding.

Valerianaceae

Valerianella dentata (fig. 15:4)
(1.9-)2.4(-2.6)x(1.1-)1.4(-1.6) mm (N=16; s.d. 0.22
and 0.15)

The surface of the ovate fruits is covered with small
papillae. The isodiametric epidermal cells of the seed
coatareirregular in size, although a bit larger than those
of the fruit wall. The two sterile cells are reduced to
distinct ribs that form an oval ring.

Compositae

Bidens tripartita (fig. 15:5)

Besides complete fruits, also the inner parts of fruits
were recovered. The shape and colour of these eroded
fruits are much like the shape and colour of grasses such
as Elymus and Bromus. The absence of a distinct hilum,
however, is a good diagnostic feature. Also the cell
structure differs from these grasses: all over the surface,
the rectangular cells are very regular in shape.

Leontodon saxatilis (fig. 15:6)

Central fruits: (2.5-)3.4(-4.8)X(0.5-)0.7(-1.0) mm
(N=87; s.d. 0.44 and 0.10). Marginal fruits: (2.5-)3.2(-
3.8)x(0.8-)1.0(-1.4) mm (N=36; s.d. 0.43 and 0.17).
This specieshasdimorphic achenes: central en marginal
fruits are dissimilar, being an adaptation to different
types of dispersal. The broad, curved marginal achenes
have nopappusandareenclosedby the bracts. Reversely,
the slender central achenes are short-beaked and do
posses a pappus, although these were only partly
preserved in subfossil specimens. The marginal achenes
differ clearly from other Leontodon spp. The central
achenes of L. saxatilis are often confused with those of
L.autumnalis. Althoughthereis someoverlapin length,
the fruits of the latter species are on average longer:
(3.5-)5.0(-6.9)x(0.6-)0.7(-1.2) mm (N=25; s.d. 0.75
and 0.01) and originate from the of sample HK\3351
(No. 56) from which also fruits of L. saxatilis were
measured. Moreover, central fruits of L. suxatilis have
more ribs on each side, viz. 5-6, and slightly spindle-
shaped (see van Zeist et al., 1986: fig. 6.11).

Gramineae

Cynosurus cristatus (fig. 15:7)
(1.7-)1.8(-2.1)x(0.6-)0.7(-0.9) mm (N=22; s.d. 0.12
and 0.10)

Fruits of C. cristatus were preserved by both water-
logging and charring. Charred fruits are still enclosed
by their glumes thatare covered with many little papilla.
Waterlogged fruits are very delicate. Remnants of glumes
are only present at the base, but the characteristic
imprint of the two edges of the paleas proved to be a
diagnostic feature. The elliptic hilum is only contrasted
by its dark outline. Thecell structure is badly preserved.

Avena fatua (fig. 15:8)

Subfossil fruits of both A. fatua and A. sativa can only
be distinguished from one another when the basal part
of the lemma is present (Korber-Grohne, 1967). Fruits
of Avena that are preserved by waterlogging, are
characterized by: 1) very fragile envelopes, as a result
of which they cannot be held in a flat plane, 2) the
occurrence of hairs, of which sometimes only scars can
be seen, and 3) the elongated cells of the testa grouped
indifferentorientations, as described by Korber-Grohne
(1964). Although some samples yielded considerable
amounts of fruits still enclosed by their glumes, the
majority of glumes lacked their bases as a result of
which identification to species level was in most cases
not possible.

Tops of pedicels are also present in a number of
samples. They were mostly preserved by waterlogging.
The point of attachment differs from both species as to
the basal parts of their glumes. A. farua has atongue-like
extremity, while the point of attachment of A. sativa is
more flattened. Therefore, a distinction between both
species can partly be carried out also based on these
plant remains.
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Fig. 15. 1. Hyssopus officinalis, 2. Salvia verticillata, 3. Atropa bella-dona: 4. Valerianella dentata:. S. Bidens tripartita: 6. Leontodon saxatilis;
7.Cynosurus cristatus; 8. Avenafatua, 9. Phalaris arundinacea; 10. Danthoniadecumbens: 1. Scirpus nifus: 12. Rhynchosporaalba; 13. Eleocharis
quinqueflora. 14. Aframomum melegueta.

Phalaris arundinacea (fig. 15:9) fruits are completely white, probably the result of a
(1.3-)1.6(-1.9)x(0.8-)1.0(-1.1) mm (N=30; s.d. 0.17 fungal infection. The fruits are characterized by their
and 0.18); length without style base. long, laterally positioned hilum and the stout style
Because there is no simultaneous development of the which was intact in many cases. Many fruits were still

fruits, they are quite variable in size. Moreover, some enclosed by the glossy lemma and palea, from which
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hairs had disappeared. Both lemma and palea have a
fine striate cell structure.

Danthonia decumbens (fig. 15:10)
(2.0-)2.4(-3.1)x(1.1-)1.3(-1.7) mm (N=22; s.d. 0,21
and 0.15)

With the exception of a few specimens, most of the
fruits of D. decumbens are preserved by waterlogging
and about half of the fruits still possess their glumes.
Both glumes and fruits have unique features, making
their identification easy. Besides fruit shape and size,
the ventral palea is swollen at the base while the fruit
itselfis characterizedbyanelongated and pale coloured
hilum contrasting with the dark brown cells in the other
partofthe fruit. The hilum is variable in length and may
reach the upper half of the fruit (0.5-)0.8(-1.2) mm
(N=22,s.d. 0.17).

Cyperaceae

Scirpus rufus (fig. 15:11)
(4.9-)5.3(-5.7)x(1.7-)1.9(-2.1) mm (N=7; s.d. 0.33 and
0.12)

The relatively large plano-convex fruits have a truncate
base and a tapering style, which is still present in most
specimens. Both style and fruit wall have a spongy
structure. The surface is black and rather glossy, while
the reticulate cell structure is poorly visible.

Rhynchospora alba (fig. 15:12)

1.6-1.4 mm (N=1)

One fruit was found in sample HK\1638 (No. 34).
Although this species bears close resemblance to R.
fusca, it can be identified on the basis of both the

number of perianth-bristles, viz. 11 (R. alba: 9-13 and
R. fusca 4-6), and the downwards pointed hairs on these
bristles (R.alba:basal partupwards, upper part glabrous
or pointed downwards; R. fusca: all hairs pointed
upwards) (Reichgelt, 1956).

Eleocharis quinqueflora (fig. 15:13)
(1.7-)2.0(-2.5)x(1.1-)1.3(-1.6) mm without stigma
(N=30; s.d. 0.19and 0.11)

A typical feature of seeds from E. quinqueflora is the
combinationofthe 3-angled cross-sectionandthecentral
cells of each surface being elongated in a transverse
direction. E. acicularis is much smaller, less angular
and all cells are elongated in a transverse direction. E.
multicaulus is almost equal in size, but all cells are
isodiametric. Frequently, parts of the stigma, bristles
and bracts are still attached to the seeds.

Carex extensa

(1.7-)2.0(-2.4)x(1.2-)1.3(-1.6) mm (N=12; s.d. 0.12
and 0.13)

Both utricles and fruits were found in samples of
Heveskesklooster. The fruits differ from the fruits of C.
distans by the size of the epidermal cells, which are
muchsmaller in C. extensa but visible at amagnification
of 45 x. Moreover, the base of the fruit is not widened
and the colour is red-brown, whereas subfossil fruits of
C. distans are mostly grey-black.

Zingiberaceae

Aframomum melegueta (fig. 15:14)
(3.4-)3.7(-4.1)x(2.9-)3.3(-3.8) mm (N=9:; s.d.: 0.24 and
0.29).
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At first sight, seeds of A. melegueta resemble the seeds
of Agrostemma githagoand the Boraginaceae. The seeds
are broadly ovate with partly truncated sides. The hilum
is sunken at the top and bordered with small tufted
scales. The glossy surface is covered with irregular
warts, which at a high magnitude (45 X) shows a fine
striate pattern.

Two samples yielded seeds from this species:
HK\0082 (No. 2) and HK\2098 (No. 46). In the latter,
seedswerepartly fragmented. Owing to thecharacteristic
surface, they could still easily be identified.
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