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ABSTRACT: The aim of this study is to present the archaeobotanical results of the Heveskesklooster t('lP located in 
the northeastem part of the Netherlands. The samples that have been analyzed are dated to one of the four habitation 
periods: I )  c. 50 BC-c. 400 AD, 2) c. 800-c. 1 300, 3 )  c. 1 300- 1 6 1 0  and 4)  1 6 1 0- 1 975. 

The samples yielded inany plant remains, in which the species compQsition 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 tumed 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: I )  the second and third periods and 
2) the third and last periods, though there was a l imited number of samples of the last period. 

The environment has been analyzed for the folIowing characteristics : I )  salinity, 2) moisture, 3) nutrient 
availabil ity and 4) structure of vegetation and succession. During all four periods of habitation, both halophytic and 
glycophytic species are well represented. There is a slight decrease ofhalophytes in favour of glycophytes in the course 
of time. Salt-mars h vegetations of the first per iod 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 
period only. As to nutrient availabi l i ty, 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 first period 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 
extemal factors of samples, viz. location and feature type. I f other Dutch te/ps are compared to the Heveskesklooster 
terp on the basis of indicator taxa, i t  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 tcrp dwellers are: Hordcllm \'IIlgare (in the third period also ssp. 
disticlillm), Al'ena sativa, Linum IIsitatissimllm, Call1elina sativa, Vicia faha var. minor and probably also Brassica 
rapa and Cannahis sativa. Though written sources give the consumption of Hordeul11 vulgare, Ave/w sativa, Secale 
cereale and Tritinll11 aestivum for the third habitation period, samples ofthis 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 hclla-donna and Aframomlll11 I11clegueta. Compared with the subfossil 
records of other taps, this botanical richness is only found in medieval Leeuwarden and reflects the presence of a 
commandery of the Johanniter arder in Heveskesklooster. 

KEYWORDS: Archaeobotany, crop plants, environmental characterization, Heveskesklooster, identification oftaxa, 
Johanniters, pollen analysis, Roman Period, Middle Ages, Modem Times, te/p. 

1 .  INTRODUCTION 

1 . 1 .  The excavation of Heveskesklooster 

Even though the terp (dwelling mound) of Heves
kesklooster is remotely situated in the northeastem part 
ofGroningen (see fig. I ), i t  has some interesting features 
showing great promise for archaeological research. 
Written sources give that a commandery of the 
Johanniter order was established at Oosterwierum af ter 
the Crusades, which explains the change of i ts name to 
'Heveskesklooster', af ter the nearby located Heveskes 
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tcrp. Archaeological finds justify the assertion that the 
c10ister was thriving. The recovery ol' a megal ithic 
grave under the terp, the only Dutch representative of 
a dolmen characterized by the position of the entrance 
in the narrow side (Bakker, 1 992), was a surprise. A 
stone'cist of the same period was also found. It was' the 
first time that the presence of agricultural land on the 
terp proper, called valg(e), was established during an 
archaeological excavation. 

The archaeological excavation of the Heves
kesklooster terp was an 'emergency excavation' due to 
industrial development plans nearby Delfzijl .  A few 
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Fig. I. Location of Heveskesklooster (No. I) and other laps (Nos 2-
27) that are analyzed for environmental characterist ics and 
economical ly i mportant plants. See for the names of laps: table 9. 

years before, in 1976, the Heveskesklooster terp had 
aiready been listed as being of historicai importance. a 
status which was to guarantee protection and scienti fic 
research when. for some reason, it had to be destroyed. 
Industrial expansion resulted in the excavation of the 
northem part of the te,p, as this was the only part taken 
on a Ion g-term lease. Under supervision of J. W. Boersma 
the excavation started as a survey in 1982 and was 
completed in 1988. By then, economic recession had 
caused stagnation of industri al expansion with the result 
that the levelled northem part of the te,p remained 
unused. 

Durin g  the excavation of the terp, soil samples were 
collected for botanical and zoological research. The 
faunal remains have parti y been studied now and revealed 
information on the death of cal ves and foals (Prummel, 
1988). In this study, the remains of vascular plants are 
analyzed, with the exception of charcoal and non
carbonized wood. The subfossil mos ses will be published 
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 patte ms in space and through t ime. The 
reconstruction of 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. A gricultural and 

other economically important plants are analyzed in 
connection with cult ivation in other parts of the 
Netherlands and with other te,ps 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 aiso 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 dates cited in the text 
are conventional radiocarbon dates, followed by the 
range in calendar years obtained by cali bration at 2a 
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 ofHolland peat (or 
Holland deposits) alon g the greater part of the west 
coast ofthe Netherlands, and which separates Dunkerque 
Deposits from Calais Deposits, whereas in the Groningen 
district this peat layer is either absent or, reversely, 
several peat layers are present (Griede & Roeleveid, 
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 (Roeleveid, 
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. 
The Groningen Formation consists of clay layers, which 
in some parts of the Groningen district is 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). 

The Heveskesklooster te,p is located on an ice-pushed 
rid ge formed during the Saale glaciation. Because of 
this ridge, the Pleistocene surface is at a depth 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 i s  directly overlaid by a clay layer 
belonging to the upperclastic memberofthe Groningen 
Formation (GuF). 

According to 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 Ca rex, Carex/Phragmites and 
pure Phragmites peat. It is possibie that Eriophorum, 
Ericaceae and even Sphagnum in the middle part of this 
peat ma� have developed as a result of oli gotrophic 
conditions. Schoute (1984), who studied an exposure at 
the excavation site of Heveskesklooster, stated that the 
basal peat layer at this s i te is about I m thick and mainly 
consists of Phragmites peat. The clay layers were 
deposited during Dunkerque l-B, Dunkerque I I  and 
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Dunkerque I I I  and were separated from each other by a 
vegetation horizon. Theoldest clay bedcan be subdivided 
on the basis of an intercalated PhragmiteslScilpus 
horizon, c. 20-25 cm thick (Schoute, 1984). This indicates 
a temporary decline in the rate of sea level rise during 
the Dunkerque l-B transgression. The lower and upper 
vegetation horizons were formed during the HoJland 
VJl and HoJland 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 composit ion of the vege
tation horizons from the Schildmeer area by means of 
poJlen analysis and identification of macro-remains. 
Considering the long-distance transport ofthe dominant 
Juncus ger([f'di and Sa/icornia europa ea from salt
marshes seaward of the study area, the composition 
shows major affinities with recently occurring Phrag
mitetalia, Moli nietalia and Angelicion l i toralis. Clay 
layers that belong to the Dunkerque 1Il transgression 
were not found in the Heveskesklooster terp. They have 
probably been incorporated i nto the plough layer 
(Boersma, 1988). 

1.3. Colonization 

Colonization of the coastal area can be explained by the 
geological development of this area which made i t  
suitable for habitation, and some processes in habitable 
regions which caused serious problems for survival. 
Thecolonization ofnewly formed Holocene deposits i n  
the Groningen coastal area started a t  the beginning o f  
the HoJland V I  regression (2600 14C_yrs BP). During 
this period, the salt-marshes that were formed during 
the preceding D- I A transgression became relatively 
weJl drained as a result of the progressive decrease in 
the rate of sea level rise (Roe level d, 1974; Griede & 
Roeleveid, 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 soi I exhaustion (Waterbolk, 
1979; van Gijn & Waterbolk, 1984). These processes 
may have reduced the habitable area in the Drenthe 
Plateau (northem Netherlands) to such extent that, 
during the Iron Age, migration started towards the 
northem 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 smaJl sandy outcrops between Gro
ningen and Delfzijl. The beginning of the settling in the 
salt-marsh area dates to the earl y Iron Age and the first 
part of the middle Iron Age. When during the middle 
lron Age the area had become permanently inhabited, 
agricultural activities had started toa (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). Came/ina sativa in particular could produce 
reasonable yields, even when salt water flooding had 
taken place during the growing season. More sensitive 
to inundations, particularly during the germination stage 
and therefore not risk-free in producing yields, are 
Hordeum vu/gare ssp. vu/gare,A ven a satil'a, Vicia/aha 
var. minor, Linum usitatissimum and Brassica rapa. 
Moreover, some crops were damaged by winds, cattle, 
birds and insects. On the other hand, manuring the fieids 
improved the yield of particularly H. vu/gare, A. sariva 
and V. /aha var. minor. Crops l ike H. vu/gare ssp. dis
tichum, Triticum monococcum, T. aestil'um ( including 
T. spe/ta) and Panicum miliaceum proved to be less 
suitable or even unfit for brack ish conditions. The 
experiments showed that only the highest sandy 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 fieids were probably 
laid out. 

lA. Periods of habitation of Heveskesklooster 

As only a preliminary study of the archaeological 
record of the Heveskesklooster felp has been publ ished 
(Boersma, 1988), a detailed dating of the habitation 
layers ofthe terp is not available as yet. The periodization 
is restricted to four main habitation periods that have 
been distinguished by Boersma. AdditionaJly, Boersma 
subdivided the first habitation period into three phases; 
most botanical samples, however, could not be allotted 
to any ofthese phases. Therefore, Boersma's subdivision 
wiJl be left aside in  this study. The global periodization 
do es 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 l (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 smaJl terp was present, 
indicating that floodings wereconsidered to be a serious 
threat. This idea is supported because ofthe Phragmitesl 
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 PhragmiteslScilpus clay bed 
indicates wetter conditions. Phragmites austra/is ean 
grow in places with a variety of water level s ranging 
from deep water to dry places. Inland reed marshes may 
occur in dry places subject to flooding for several 
months annuaJly (van der Toom, 1972). Nevertheless, 
the location of the te/P was favourably situated as to 
water control. The terp was built just above the highest 
part of the Pleistocene ridge (Kortekaas, 1988), and a 
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Fig. 2. Vertical seclion of lhe Heveskeskloosler terp showing lhe developmenl of lhe expansion of lhe terp. The dolmen and slone CiSI. bolh oul 
of proponion in horizonlal direclion. are localed in  sand and overlaid Wilh peal. The basal peal layer is covered wilh clay layers (01-8 I a.c and Oll), 
a Phra�lIliteslScirfJlIs horizon (01-8 I b) and vegelalion horizons (H-VII and H-VIII). 

marsh creek bordered both the north and the east side of 
the terp to guarantee drainage. On the terp were several 
trenches that drained into this creek. The drainage 
outside the terp partly displayed a right-angled pattern, 
indicating that the drainage was improved by ditches 
(fig. 3). A secondary function of these di tches may have 
been the proteetion of crops against cattle grazing, 
although it is notquite 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 leIp was raised with clay that was deposited during 
D-lBc. EspeciaIly during this last phase ofthe Dunkerque 
lB transgression, the environment had become wetter 
or, at any rate, flooding frequencies increased. During 
the next Holland Vll, the environment became relatively 
dry and it  is l ikely that the first habitation period 
continued until the end of this regression phase. 

It is not sure whether the habitation continued during 
the D-lBc transgression. During thi s period, the envi
ronment was covered with nearly 20 cm of clay 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 
are dated to the second, third and fourth centuries AD. 
However, samples dated to these centuries were not 
available. 

1.4.2. Period 2 (c. 800-c. 1300) 

During the Dunkerque ll,  the habitation of the coastal 
area was interrupted in many settlements. It is quite 
possibIe that the occupation of the Heveskesklooster 
terp was discontinued too. Worked wood found in a 
bordering ditch was dated to l 480±20 BP (GrN- 1 5098; 
553-635 AD) and had probably originated from the 

nearby creek (Boersma, 1 988). There is, however, no 
strong evidence for this, s ince i t  may have been 
transported by water over a long distance, particularly 
during this transgression phase. 

The second period of habitation begun when the 
Holland Vlll regression had set in  for almost 200 years. 
In between the first and second habitation period, c. 20 
cm of clay and a relatively thick vegetation horizon of 
8 cm were deposited (Schoute, 1 984). During the second 
habitation period, the terp had been enlarged in both 
northern and eastern direction. Remnants offarmhouses 
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. 1 20- 1 60 
m2), the more distant parcels larger. During the ninth 
century the valg had not artificially been raised, and was 
located on the natural elevation ofthe vegetation horizon. 
The circumference of the valg is mapped at the north, 
east and south sides and bordered by the folIowing co
ordinates: 040, Y42, C26 and G2 1 (fig. 4). The total 
area of the valg within the excavated area is almost 0,7 
hectare. The area north of the road crossing the te lp in 
a east -west direction had not been elevated and dissected 
by ditches, implying that it did not belong to the valg. 
Because of the increase in  the rate of sea level rise 
during the Dunkerque I I I  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 i ntersect the valg with ditches. Later 
on, the,surface had a somewhat convex shape, which 
made drainage without ditches possibIe (Boersma, 
1 988). 

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 ol' the Heveskesklooster terp dllring habitation period I .  The fannhollses are labelled according to the sequence in which they 
were buil!. Beyontl the terp pans of  the creek and di tches are visible. The numbers refcr to the samples (see table I). Also i ndicated is the location 
where samples were taken for the pollen analysis. 

centuri'es, whereas several storm surges have been 
mentioned for the thirteenth century (Gottschalk, 1 97 1 ). 
The only dates of storm surges that could have caused 
floodings during the first fourcenturies ofthis habitation 
period are fixed on: 838, 1 1 64 (probably) and 1 1 96_ 
Gottschalk mentioned the folIowing years that would 

have caused flood disasters at Heveskesklooster in  the 
thirteenth century: 1 2 19 ,  1 220, 1 22 1  (two times). 1 246 
(probably), 1 248 (two times), 1 249, 1 262, 1 287, 1 288 
and 1 290. 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 nonh and east sides of the famlhouses the valg is visible. dissected 
by dltches. Two broad dltches border the road In a east-west d irection. The numbers refer to the samples (see table I l. 

1 .4.3. Per iod 3 (c. 1300-1610) 

The late medieval habitation period is characterized by 
the presence of a commandery inhabited by both nuns 
and monks ofthe Johanniter order. In  c.  1 48 1 ,  under the 
intluence ofthe Refonnation, it changed into a monastery 
(Noordhuis, 1 990). The foundation is dated back to the 
end of the thirteenth century, its l iquidation to 1 6 1 0. 

The order of Johanniters had been established during 
the Crusades and they gained properties spread all over 
Asia al,1d Europe in return for med icai treatment. Im
portant infonnation is available from written sources on 
Heveskesklooster, which wasstill called 'Oosterwierum' 
i n  that period. Period icai rou nds were made by 
delegations to draw up a statement of assets and 
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Fig. 5. Floor plan ofthe Heveskesklooster terp during habitation periods 3 and 4. On the fomler valg two foundations of churches and a churchyard 
surrounded by a di tch and a moat are present. Only fragments were found of other buildings. The numbers refer to the samples (see table I ). 

l iabi l ities. Unfortunately, only two of these reports, 
drawn up in 1 495 and 1 540, survived acts of war. Both 
reports indicate that at that time Heveskesk100ster was 
a thriving settlement, but it should be mentioned that 
most of the monastic orders of Johanniters in the 
Netherlands were govemed by an economic management 
(Noord h u i s ,  1 990) .  The i nformat ion  on t h e  
archaeobotanical records from these reports and from 

those drawn up when the commandery was closed 
do\Vn, is dealt with in the sections concemed. 

Written sources are si lent on the kind and number of 
buildings on the Heveskesklooster telp. 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 ,  1 988) .  Both church and 
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churchyard, the latter south ofthe 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 terp was stopped. The Io cat ion ofHeveskesklooster 
along the route from Groningen via Appingedam and 
Oterdum to Emden (Germany) can be connected with 
the prosperity of the te/P 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 
folIowing years: 1 424, 1 426, 1 436, 1446, 1 499, 1 507, 
1 508, 1 509, 1 5 1 4, 1 5 1 6, 1 520, 1 524, 1 554, 1570, 1 578, 
1 585, 1 586, 1 587, 1 588, 1 590, 1 592, 1 597 and 1 6 10 
(Gottschalk, 1 975, 1 977). Gottschalk poi nts out that 
dykes in  Groningen were grossly neglected because of 
wars, as a result ofwhich dyke breaches and floods took 
place frequently. It appears that the commander of 
Oosterwierum was responsibIe 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 i nundated. For this period, Heveskesklooster itself 
is explicitly mentioned twice. In August 1 524, the 
Koedijk at Heveskesklooster was damaged and i n  1 587, 
in  the summer and the autumn, the water poured over 
the new quay at Heveskesklooster into the country. As 
the quay rested upon peat there was also much seepage 
(Gottschalk, 1975). The land belonging to the monastery 
was seattered all over the surrounding area, and great 
quantities of the erop may have been lost. It is not likely 
that the terp was furtherelevated during this third period 
of habitation (Boersma, 1 988). 

1 .4.4. Period 4 (1610-1975) 

During the last habitation period up to five farmhouses 
have been built on the telp. The last telp dwellers left in 
1 975. With the exception of some wells, only few traces 
of this period were found (Boersma, 1 988). 

In the seventeenth century,  the last century 
documented by Gottschalk's standard work, the 
folIowing years are mentioned during which storm 
surges had probably affected the  area aro u n d  
Heveskesklooster: 1 62 1 ,  1 625, 1 65 1 ,  1 665, 1 685 and 
1 686, the last one being particularly severe, destroyi ng 
all dykes along the coast of Groningen (Gottschalk, 
1 977). Although the water penetrated far inland, no 
losses for Heveskesklooster were documented. 

2.  MATERIALS AND METHODS 

2. 1 .  Processing of samples 

During the exeavation years, many soil samples were 
colleeted for arehaeobotanical research. Mixed with 

some formalin as a disinfectant, the samples were 
stored at the Biologisch-Archaeologisch Instituut i n  
Groningen. T o  assess the potential botanieal richness, 
som e samples were analyzed by W. van Zeist and R.M. 
Palfenier-Vegter during the excavation. Af ter 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 
a com bi nation of two periods. Only those samples were 
investigated that were dated with certainty to one of the 
four habitation periods (table I ). The distribution of the 
samples over the four periods is: 2 1  samples of period 
1 , 24 samples of period 2, 1 2  samples of period 3 and 2 
samples of period 4. The low number of samples of the 
last period can be attributed to disturbances ofthe 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 i ndicated on 
figures 3-6. Ini tially, 35 samples were selected, being 
representative ofthese fourperiods. From these samples 
usually 3 litres were examined. In a second phase, only 
1 50 ml from the remaining accurately dated samples 
were investigated. On the 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 
mesh sizes 2.0 mm, 1 .0 mm, 0.5 mm and 0.2 mm. The 
sieve contents were sorted out under a disseeting 
microscope with 0.7-45 magnification. The coarse 
fractions ofmost samples (2.0 and 1 .0) were completely 
analyzed, whereas only a representative part of the fine 
fraetions was analyzed. The number ofplant remains of 
these sample surveys were corrected 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 transparent envelopes 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 far as they were 
considered to be sufficiently characteristic for a specific 
identification, were isolated 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 
rem arks are made on some plant remains. 

The pollen analysis was carried out by van Klinken 
( 1 986) on samples that were taken from a profile 
northeas� of the oldest part of the terp in August 1 982 
(see for location fig. 3). From the same section, samples 
were also taken to identify botanical macro-remains, i n  
which subsamples o f  c .  1 00  g soil were analyzed at 
regular intervals. Samples for pollen analysis were 
analyzed at intervals varying from 1 -7 cm. The samples 
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Table I .  Description af samples from Heveskesklooster. P. Period af habitation: Val. Volume in litres. 

No. Label P. Val. Feature Location 

H)(\i)079 3 3.000 Moat an lerp top 

2 H)(\i)OR2 3 3,000 Moat an lerp top 

3 H)(\i)UlJ5 2 3.UOO Waste pit an slope (terp) 

4 HK\OI39 2 3.UOO Well an lerp (farmland) 

5 HK\0223 2 3.000 Waste pit an slope (lerp) 

6 H)(\i)270 2 3. 000 Waste pit an slope (lerp) 

7 H)(\[)4 1 6  2 3,000 Waste layer an lerp top 

8 H K\042 I 2 3. 000 Waste layer an lerp top 

9 H)(\i)448 2 3.000 Waste layer an lerp top 

IO H)(\[)599 3.000 Trench Beyond lerp 

II HK\0622 3.UOO Trench Beyond lerp 

1 2  H)(\i)735 3.000 Waste layer an slope 

1 3  H)(\i)79 I 2 3.000 Well an lerp top 

1 4  H)(\i)820 3.000 Trench Beyond lerp 

1 5  H)(\i)844 0. 1 50 Posthole Beyond lerp 

1 6  H)(\i)930 0, 1 50 Marsh creek Beyond lerp 

1 7  HK\I073 2 0. 1 50 Well an slope (lerI') 

1 8  HK\I074 2 3, 000 Well an slope (lerI') 

1 9  HK\ 1 227 0, 1 50 Gully Beyond lerp 

20 HK\ 1 237 0. 1 50 Bank af creek Beyond lerp 

2 1  HK\I276 2 0. 1 50 Well an slope (terp) 

2 2  HK\ 1 293 2 3.000 Waste pit an slope (lerp) 

23 HK\ 1 294 3 1 .000 Well casing On slope (lerI') 

24 HK\ 1 29R 2 3.000 Waste layer an slope (lerI') 

25 HK\ 1 437 I 3, 000 Well Beyond lerp 

26 HK\ 1 4R4 3.000 Waste layer an lerp top 

27 HK\ 1 489 3. 1 50 Waste layer an lerp top 

28 HK\ISSS 3. 000 Waste layer an lerp top 
29 HK\ 1 560 3. 000 Waste layer an lerp top 

30 HK\ 1 562 I 3.000 Well an lerp top 

3 1  HK\ I S79 2 3.000 Well an slope (lerp) 

32 HK\I S84 3 3.000 Well casing an slope (lerI') 

33 HK\ 1 63S I 0. 1 50 Gully Beyond 11'1'1' 
34 HK\ 1 638 2 3.000 Well an slope (le Ip) 

3S HK\ 1 670 I 3.000 Well Beyond lelp 

36 HK\ 1 67 1  I 3. UOO Well Beyond lerp 

37 HK\ 1 680 I 3.000 Well Beyond lerp 

38 HK\1 69R 2 0. 1 50 Well an slope (lap) 

39 HK\ 1 760 2 3.000 Ditch an slope (11'1'1') 
40 HK\1 840 I 3.000 Well an slope 
4 1  HK\ 1 842 I 5 .000 Well Beyond lerp 
42 HK\ 1 96 1  I 0. 1 50 Waste layer an slope (lerI') 
43 HK\ 1 99S 4 3,000 Waste pit an slope 
44 HK\202S 2 0. 1 50 Waste pit On slope (IerI') 
45 HK\2032 2 0. 1 50 Ditch an slope (leip) 

46 HK\2098 4 3.000 Ditch an lap top 
47 HK\2283 3 3.000 Moat an lnp top 
48 HK\2284 3 3.000 Moat an slope 
49 HK\2332 3 3.000 Moal Onlerp top 
SO HK\2379 3 3. 000 Moat an lerp top 
SI HK\2392 3 3.UOO Moat an lerp top 
52 HK\2S9S 2 0. 1 50 Ditch an slope (farmland) 
53 HK\2597 2 0. 1 50 Ditch an slope (fannland) 
54 HK\.13 1 9  2 0. 1 50 Waste pit an slope (fannland) 
SS HK\332 I 2 0. 1 50 Waste pit an slope (farmland) 
56 HK\.13S I 3 3,000 Well an slope 
57 HK\3354 3 3. 000 Well an slope 
58 HK\.1357 2 0. 1 50 Well an slope (farmland) 
59 HK\.1359 3 3.000 Well an slope 
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taken from the clay sediments were prepared by heavy
l iquid separation (bromoform-alcohol mixture) followed 
by standard procedures as described by Faegri & Iversen 
(1975). The samples taken from the peat layer were 
boiJed in a weak KOH solution before acetolysis. 

2.2. Correspondence Analyses 

Correspondence Analyses (Canoco version 3 . 1 2; 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, look ing for an underlying structure. 

In contrast with data matrices of recent releves, 
archaeobotanical data are not l inked with environmental 
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 deri ved from variation 
within the vegetation data (Kent & Coker, 1992). The 
folIowing environmental data were used: l )  period, 2) 
location and 3) feature type. The periodization is 
restricted to the fourmain habitation periods asdescribed 
above. The location of the samples is indicated with 
respect to depth (fig. 6) and to the folIowing three 
locations: samples collected from the flat, central part 
of the te,p, samples from the slope and samples from 
beyond the terp (table I; figs 3-5). The location of the 
valg has not been taken into account, as this distinction 
applies only to the second period of habitution. As to 
feature types, I O  k i nds  of contexts were used 
corresponding with the descriptions in  table l .  
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Fig. 6. Position ol' 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 level s of 
identification for the same clusters of taxa, standardi
zation was performed on the data matrices used for 
Correspondence Analyses. Differences in identification 
are the result of differential preservation and the presence 
of different kind of plant parts of the same taxon, such 
as Len111a seeds in some samples and whole plants of 
Lemna minor and Lemna trisu/ca in others. The 
folIowing rules were applied: 1) cereals were not 
converted to other taxonomic leveis, 2) if a taxon is 
present at both species and subspecies leveis, i t  is dealt 
with at species level (thisapplies toZannichellia pa/ustris 
only), 3) if a taxon is present at both genus and species 
level, i t  is dealt with at genus level when it is assumed 
that the genus represents the same (group of) species 
(e.g. Betu/a 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. 
Solanaceae in  sample HK\2098, No. 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 taxa that are 
frequently represented by both generative and vegetative 
parts (e.g. Erica tetra/ix). 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 in several samples for Juncus gerardi and in one 
sample for Atrip/ex patu/a/prostrata. Data sets were 
analyzed with Correspondence Analyses without data 
transformation, after I n-transformation and on the basis 
of presence/absence. 

Separate Correspondence Analyses were carried out 
to determine the influence of small samples (150 ml) on 
the outcome, as they particularly represent the more 
frequent taxa, and samples with less than I O  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 1 6  taxa in  150 ml 
and 1 4  taxa in  3 l itres. Charred and waterlogged data 
sets were treated separately via CorrespondenceAnalysis 
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 folIowing 
characteristics: I )  salinity, 2) moisture, 3) nutrient 
availability and 4) structure of vegetation and succes
sion. The classification system of ecological groups by 
van der

'
Meijden et al. (1991) was used for labelling taxa 

with respect to each category. The advantage of this 
classification system is twofold: i t  takes into account 
the ecological range of taxa and it  is based on the 
analyses of Dutch releves. 
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The env ironmental char acter ization has been 
performed on two leveIs. In some analyses 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 on a select number of indicator taxa 
for each env ironmentaOI characteristic, whereby the 
change of recovery by means of taxon weights is taken 
into account (Cappers, 1 994). 

3. RESUL TS AND DlSCUSSION 

In this section the subfossil records ofHeveskesklooster 
are presented and analyzed. In the first section the taxa 
are presented and some general remarks are made. In  
the folIowing sections, samples are analyzed for species 
composition, extemal env ironmental variables and 
indicator val ues of the taxa. Attention is focused on salt
marsh vegetations and the environment is compared 
with the environment of other Dutch telps. Finally , the 
economically important plants are discussed, both i n  
relation with the subfossil  records o f  the Netherlands 
and with the terp s in the northem part ofthe Netherlands 
in particular. 

To some extent, the bro ad dating of the analyzed 
samples of Heveskesklooster l imits a detailed recon
struction ofthe 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, 1 967; van Zeist, 1 974; van Zeist et al., 1 987; 
Behre, 1 99 1 ). 

Another problem with interpreti ng 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 anived at the site from remote 
places as a result of natural d ispersal or human 
interference (Cappers, 1 993, 1 994). 

The environment ofthe site can be distinguished into 
two areas: the terp proper and its immediate SUf
roundings. As the excavation of the terp 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 i nterpreted as 
transported from elsewhere. As the terp was enlarged 
during the second and third period ofhabitation, 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 
te/p. 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 I (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 i n  table 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 I to I O. The 
sample freq uency, the characterization of the botanical 
remains as to the distinction between diaspores and 
non-diaspores, as well as the total number of plant parts, 
standardized to the volume examined, are presented i n  
the last three columns o f  each table for each taxon. 

In all, 288 different taxa were identified in the 59 
analyzed samples of Heveskesklooster. Twelve taxa 
could not be positively identified, incIuding thefollowing 
taxa on species level: Carex divulsa, Carex paniculata, 
Chelidonium majus, Elymus caninus, Eriophorum 
anRustijolium, PotamoReton pusillus, Senecio viscosus 
and Stellaria uliginosa. The taxa represent 1 84 genera 
spread over 5 1  families. Listed in decreasing order, the 
five best represented families are: Gramineae (33 taxa), 
Compositae (27 taxa), Cyperaceae (20 taxa), Caryo
phyllaceae ( 1 6  taxa) and Cruciferae ( 1 5 taxa). This en u
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 ofthe 
Netherlands, i t  is stressed that most of them were found 
in samples of the late Middle Ages and Modem Times. 
Two exceptions, both dated to the first habitation period, 
are Isatis tinctoria and Symphytum ojjicinale. 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, 1 994). Two 
other species date back from the second habitation 
pe�od: Dipsacuslullonum and Eleocharis quinquejlora, 
whIle the latter was found more frequently in samples 
of the folIowing period. The folIowing new species 
belong to the third period toa: Alramomum mele!?ueta 
(identified by H. van Haaster), Carex extensa, C;rato
capnos claviculata,Lemna trisulca,Malva neRIeeta, and 
Salix viminalis. Lemna trisulca could be identified 
because the plant i tself was preserved. Normally only 
duck�eeds seed s are fou nd, making identification to a 
species level unreliable. Noordam & Pals ( 1 987) also 
mentioned Malva neRlecta for the early Roman 
settlement of Valkenburg (ZH), but identification 
narrowed to species level is uncertain. Together with 
Alramomum meleRueta, the folIowing new taxa date of 
the last habitation period: Berteroa incana, Cheno
podium hybridum, Echium vulRare, Nigella arvensis, 
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Table 2. Taxa of Heveskesklooster preserved by uncharred macro-remains of period I .  F. Sample frequency; P. Plant parts; N. Total number of 
plant parts. 

Range Specimen(s) Identification 
1 =  I N '  uncertain at species level 
2 = 2-5 N' = uncertain at genus level 
3 = 6- 1 0  
4 =  I I -50 Plant parts 
5 = 5 1 - j(){) D = diaspore 
6 = 1 0 1 -5OD O = parts other than diaspores 
7 = 501 - I ODO B = both diaspores and non·diaspores 
8 = I (JO 1 -5000 
9 =  5OD I - 1 0000 

I O  = > 1 0000 

Taxon Sample 
1 0  I I  1 2  1 4  1 5  1 6  1 9  20 25 26 27 28 29 30 33 35 36 37 40 4 1  42 F P N 

Thelyp/eris palus/ris 6 I O 1 20 
Bell/la pubescens 2 I 2 B 3 
Ur/ica dioica 2 4 4 4 4 6 7 8 8 D 377 1 
Ur/ica urens 2 2 4 3 D 26 
Polygol/um avintlare 2 4 2 5 4 5 4 5 4 2 4 1 2  D 299 
Po/ygonum cOI/I'olmlus I D I 
Po/ygol/lII/1 lapmhijil/ium - 2 '  2 2 4 D 7 
Po/ygol/um persicaria 4 2 D 48 
RUII/ex 2 4 3 D 20 
RUII/ex aee/ose/la 4 I D 45 
RUlllex crispus 3 4 3'  2 4 4 6 D 72 
RUlllex hydrolapalhlll/l 4 I D 48 
Rumex lIlari/imus 3 I D I O  
RUlllex obll/sijolius 2 4 2 D 32 
A/riplex lill./pros/rata 3 3 4 2 6 3 4 2 4 4 - I O  D 286 
A/riplex pall/la/pros/ra/a 6 6 8 8 4 2 6 9 5 5 5 6 8 5 7 8 7 4 8 - 20 D 2 1 80 1  
Chel/opodiaeeae 4 I D 26 
Chel/opodiulll album 2 5 I 4 2 5 6 8 3 I O  D 1 945 
Chel/opodilll/l jicijfl/illlll 3 3 6 5 2 4 6 I 3 6 6 6 6 1 3  D 1 5 1 8  
Chel/opodiulIl g/CluclIlIl/rubrulll 6 4 6 3 4 8 4 7 I 3 7 5 4 5 1 5  D 4664 
Sa/icomia europIIelI s.1 .  4 2 4 6 1 8 4 5 6 5 6 3 4 1 3  D 2845 
Suaeda lIlari/illla 2 4 5 2 2 7 2 5 5 6 4 6 1 4  D 1 806 
Lycl/llis flos-cucu/i 3 1 D 7 
Si/ene dioica 3 3 3 D 1 6  
Spergula an'el/sis I 1 D I 
Spergularia lIlari/illla/salil/a 5 8 2 8 - I O  6 8 6 6 4 4 - I I  D 1 8 179 
S/ellaria media 2 4 4 3 5 6 6 7 9 D 1 642 
Ceratophylllllll I D I 
Ral/ul/culus repeI/s 6 2 2 3 D 1 74 
Rall/UlCIIlIIs sce/era/us 4 2 4 4 6 5 4 5 5 6 4 - 1 2  D 930 
Camelil/a sa/iva 2 4 2 6 6 5 D 336 
Capsella bursa·pas/oris 4 4 4 3 D 56 
Descurail/ia sophia 3 7 6 7 5 D 1 369 
Isa/is /il/etoria 2 2 4 2 2 5 D 26 
Sil/apis arvel/sis I D I 
Po/el//i1la 3 I D 9 
Po/el//i1la al/seril/a 3 4 6 2 5 3 4 4 2 4 4 4 5 1 3  B 474 
Po/emilia ereCla 3 1 D 7 
Prul/IIS I D I 
Rubus frwieosus s. 1 .  2 4 3 D 2 1  
Rubus idael�s I 3 D 3 
Trijolilllll repens 4 4 2 2 6 O 60 
Vicia faba var. lIlil/or 2 I D 3 
Lill/Wl usi/a/issilllulll 2 2 2 4 2 5 4 7 D 1 32 
Ellphorbia helioscopia I 1 D 1 
Ellphorbia palus/ris I D I 
A l/haea ojficil/alis 4 - , 4 4 4 2 5 D 95 
Malvaceae 2 I D 3 
Viola 4 2 3 D 2 1  
Ly/lir/lill salicaria 7 I D 875 
MyriophyllulI/ spica/ulll 3 2 D 7 
Myriophyllulll l'enid//all/m D I 
Apiulll gravC'olcm 3 D 7 



Tablc 2 (ColllillllCd). 

Taxoll 

Bal//a erec!a 
COllilllll maclI/alllll/ 
Dallclls carOla 
Hydmco/)'/e vlI/garis 
Oel/al//lle 
Oellall/lle /acllel/alii 
Umhel/iJerae
AI/dromet/a polifolia 
Cal/lIl/a vlI/garis 
Erica /e/ralix 
Empe/rum I/igmm 
AI/agal/is an'emis 
G/wL\' mari/ima 
Limol/i/lm I'II/gare 
Ga/il/m pa/lls/re 
Cl/scilla epilillllll/
Sympllylllm o/Jicilla/e 
Lamillm amp/exicall/e 
Lamillm pl/rpl/re/III/ 
Lycopl/s ellmpael/s 
Mell/lla aqlla/ica/arvellSis 
S!acl/ys pa/lIs/ris 
So/ali/lill dll/camara 
So/all/lm l/ignllll 
Odol//i/es I'erl/IIS 
P/al//alio major 
P/all/ag o mari/ima 
Artemisia vl//garis 
As/er /ripolillm 
Bit/elis /ripar/i/a 
C art/lilis crispl/s 
Cirsillm arl'el/se 
Cirsilll1l vlI/liare 
Composi!ae 
Ellpa/orillm col/I/ahillllll/ 
Leol//odoll allllllll/lI1/is 
Matricaria maritima 
SOl/c/IIIS 
SOl/C II/IS arvel/sis 
SOl/clll/s asper 
SOl/ellIlS o/eracells 
Taraxacllm ofJicilla/e s.1 .  
Trili/ocllil/ mari/ima 
Trig/ocllil/ pO/I/s/ris 
PO!amogetol/ pectil/allls 
Rllppia mari/ima 
Zal/I/icllel/ia pa/lIs/ris 
Zal/l/iclll'I/ia Pli/. ssp. pal. 
Zal/I/icllel/ia Pil/. ssp. pet/o 
JIII/CIIS 
JIII/CIIS /JtI/ol/ills 
JIIIICIIS lierardi 
AlirtJS/is 
A/opecllms gel/iclI/a/lIs 
Bmlll/IS 
E/ymlls a/lleri('//slrepells 
F eslllca mhra 
Gramil/eae 
Gram;l/eae /rih. Cerea/eae 
Hordel/m 
HordelIm vlI//iare 
Lolillm perelll/e 
Molil/ia caem/ea 
PIIa/aris arul/dil/acea 
Pllralimites allstralis 
Poa al/I/lla 

Sample 
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D 2 
B 324 
O 1 6  
D 1 7 1  
D 9 
D 
D 
D 45 
D 9 1  
D 1 483 
D 24 
D 8 
D 1 63 
D 1 9  
D 1 307 
D 902 
D 1 6  
D 567 
D I 
D 36 
D 5 
D 1 8  
D 2 
D 50 
D 27 
D 367 
D 
D 28 
D 622 
D 77 
D I 
B 665 1 
D 3 
D 1 1  
D 3 
D 93 
D 24 
D 23 
B 2989 
D 6 1 29 
D 1 1 60857 
B 3946 1 
D 3 1 5  
D 9 
D 1 08 
D 95 
D 780 
D 2 
D 3 
B 290 
D 3 
D 25 
B 1 059 
D 588 
D I I  



1 20 

Table 2 (Continuccl). 

Taxoll 

Poa pall/s/ris 
Poa pra/el/sisl/ril'ialis 
Pl/ccillellia dis/wls 
Pl/cl'illeltia II/ar;/ill/a 
Let/liW II/il/or 
Can'x al'lIwll/igra 
Carex l 'l/prillo 

Carex dis/aliS 
Carex ovalis 
Carex njJaria 
Carex subg. \ligl/erl 
Carex subg. Carex 
Eleochari.� pall/s/ris 
Eriophol'l/II/ vaf!.il/{/l/I11/ 
Scirplls laC/ls/ris ssp. /ah. 
Scirpl/s II/ari/ill/lls 

R.T.J. Cappers 

Sample 
I O  I I 12 1 4  I S  16 1 9  20 2S 26 27 28 29 30 33 35 3 6  37 40 4 1  4 2  F P 

2 
2 

l 
2 4 

3 

2 

6 

2 

2 

4 4 4 3 4 

6 
4 4 8 6 
6 

3 

2 3 

3 5 

2 2 

2 

4 4 2 4 2 

4 5 4 
4 

2 
2 

2 

2 

2 
4 6 2 

4 
6 

3 
2 
4 

2 
S 

4 
5 

2 

l 
2 

3 
2 

6 

5 
2 

4 

3 

6 3 

4 
4 2 I O  

l D 
I I  D 
8 D 
4 D 

O 
2 D 
8 D 
5 D 
l D 
8 D 
2 D 
3 D 
3 D 
l D 
5 D 

20 D 

N 

337 
1 628 
529 

32 
8 
2 

40 
20 

9 
.190 

20 
4 

I l  
5 

25 
1 3666 

Table 3. Taxa of Heveskesklooster preservecl by uncharrecl macro-remains from perioel 2. F. Sample frequency: P. Plant parts :  N. Total number 
of plant parts. For other abbreviations. see table 2. 

Taxoll 

Thc/v!,leris !,tlllI.l'lris 
Sa/ix 
Bew/a 
Ctllllltlbis salil'a 
Un;('a di"im 
Uni('lf /IrelIS 
PolygOllfllll lIriculare 
PO/ygOIlIlI1l cOJl\'o/ntllls 
Po/rgolllllll hrdro!,i/I('/' 
PO/ygOIlIllIl /lf!,lflhijillil/lII 
Rlwu'x 
RI/lllex tI('closel/a 
RI/IIICX cr;SPI/S 
RIIJI"'x "hwsijiJ/;l/s 
C/"'I/(I/II,,/i{/('cl/c 
BcltI \'It/glfr;s 
ChCIW/II,,/illlll 
C/"')/o/)()dil/lll al/JllJII 
Chl'!/o/",dil/III jic(fiJ/itllll 
ChCIIO!'{,,/il/lII 

g/lfIIClIIII/ntlmIJII 
Alri!,/c.\" /ill.lproslraltl 
Alri!,/c.\" //{/lIt!lf!/Im.l'lrala 
SalicorJlill curo!'lIC(/ s . 1 .  
SUl/cc!a lll11ri,illlcl 
SlcI/oria IlIcdio 
CcrastiulJl 

an'('llsl'l/Ol1ll1lll1l1l 
S/Jl'rgulll an'c/ls;.\' 
S/Icrgl//orio 

IJIltl'i,iIJltlls(lli,I(1 
Agros/clJlIlw gi,hago 
Sil(')/c 
Si/c)/(' /lflif (ssp. o/ha) 
Cel'alo!'IIY//,111I 
RlIIl/lII(,l/ll/s .f!lfIllJIII/I" 
ROIIIIl/Cldus H'/'('JI,\' 
RWllIlIClIllIs sart/olis 
RlllIllllClllus seelenlllls 
C/'I/( 'i!i'/'llc 

Sample 

3 4 5 6 7 8 9 1 3  1 7  18 2 1  22 24 3 1  34 38 39 44 45 5 2  53 54 55 5X 

2 

6 

5 

4 
1 0  
6 
8 

7 

2 

2 

2 

3 3 

2 
4 
8 
9 

2 

4 

2 

3 
4 
4 
7 

4 6 4 3 

2 2 

4 
l 

5 

6 2 
3 

2 

9 7 6 6 
6 4 2  
6 4 

7 

4 

5 6 

3 2 
2 

2 

4 2 

4 
8 6 
R 2 
8 4 
2 

4 
4 

7 

6 
7 

8 
7 

1 0  
6 
8 

3 
4 2 

7 5 4  

6 4 4  

4 
2 

l 
5 4 

4 

3 2 
5 1 4 1  

I O  8 8 3 
8 6 6  
R 8 5 
6 4 5 2 

2 
2 

3 

3 2 
- 2 

2 

8 6 
6 
6 4 
3 2 

5 

2 

2 

5 4 
4 
3 
3 

2 8 6 6 8  6 4 9 4 8 8 8 6 4 7 4 6  
4 3 

I 
4 

2 2 
4 

2 5 2 � 

2 

2 
5 
2 
4 
4 

l 
2 
2 
l 
3 

4 

4 

I 
2 6 5  

6 2 
l 4 .j 
2 3 

3 
2 

5 2 5 4 
2 l 

F 

5 
2 
2 

l 

6 
I l) 
4 
2 

I R  
2 
3 
.j 
I 
.j 

1 3  
8 

7 
1 3  
24 
I X  
20 
1 5  

23 
6 
I 
4 

3 
l 

p 

o 
O 
D 
D 
D 
D 
B 
D 
D 
D 
B 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

N 

1 6  
1 8  
1 3  
1 2  
1 9  

R54 
7590 

5 
1 2  

834 
3 

60 
27 

l 
947 

666 
7 1 9  

1 1 98 
900 

420539 
8965 

1 7 794 
8 1 6  

1 8650 
32 

96 
I 

38 
6 

1 5  



TabJc 3 (CoJll inucu). 

TasoJl 

Dl'sn,r" illia ml'ltill 
Coclt/carill 

C"e/tlcllrill o({idlltllis . 

Ccll'scllcl 11/Ir.w-I'IISI"ris 

TlllclSI,i II/Tell.f(' 

Brass;clI lIi;':fll 

B,.assic.:a I'lIfJlI 
SinlI!';,\' cl/TCIISi.'l 

Ra/,IICI/IIIS ml'lIClllislrtllII 
Rosllcmc 

RlIll/Is ./i"lIIictlSlls s.1.  
P"lell/illll llllSaillcl 

POll'lIlillll ae(:11I 
I'icia cme.lSl/I. ssp. lIi�ra 

Ilicia jilhll var. lIIillor 

MediCtlgo 1III'IIIillll 

Triji,lil/ll/ rCl'clIs 

LillIlIlI IISillllissimllll1 

EIII'It"rhi" Itcli,m:"l'i" 

lIi,,11I 

I 'ydroco/yle ru/guris 

Bl'rtlllI l'I"l'C11I 

COII;UIII IJIlICu/a{llIJ1 

IJUI'!cllrlllll /ClIlIissiulIIlJI 

EriCtI Iclretlix 
C"III1I1" mlg"ris 

Alldrollll'dll 1'"liji,lill 
GlallX llltlri,imll 

AlJelgal/ix arrens;s 
,\rl1l('r;,1 lJIaritimll 

(i,tll'f//'sis /,i/Jspec.!Il'lr. 

LlIlllil/llJ ClIIII'!('xinlfl/c 

LamillIII I'lIrpuf('tllJI 
SllIdlYS 1'"IIISlris 

I'rtll/<,II" mlg"ris 
"t'/l'I1IIIa cUllla/ica/arr('ns;s 

HYOSCYClIIlfIS Iligel" 

S(}/c,IlIIl1, clulc·ol1wro 

StJh11l111ll " ignml 

Oi/"l/lill'S 1"1'1'11/1.1' 

PIClJlfllgo Illajo,. 

PlcllI{ago lJlari/imll 

SOlllhu('l{s nigrll 
Di/'.w""s jilll"'1/1I11 
COIJI/W,'iillll' 
ASler lril'"lil/ll/ 

Bi,"'IIS Iril'uuil" 
/\,101,.;('01';0 ,,/elfi/juUl 

A111lricaria renl/ilcl 
Cort/liliS crispIls 

Cirsilllll 
CirsiulII cJlTCIIS{' 

Cl'IIIUllrCCl ('YOlIIIS 

L('oll/(Jlloll llllllllnllctlis 

Ll'(J/lllllltm se/XlIlilis 

SOlle""s lIITl'IISis 

SOllcllllS asper 

SOl/clllIS ol('rCl('('lIs 

Trigloc"ill l1lllrililJlCl 
POltllllogl'!OIl I'l'('(illcllll.'l 

.Ifllll'f{S 
.II/1ICIIS "clII.l",.,icJhlllh. 
.II1I1CIIS /!/Ilimills 
.1111ICIIS g('rorc/i 

GrCllllillcoC 
Fcslffc't/ I'lIhl"{l 

B ofan ical ll1({C/"o-r c lI1a ins ol" H c l ' c ,d: c sk!oosftr 

SampJe 
3 � 5 0 7 H 9 13 J7 JH � I  2� �� 3J 34 3R 39 4� �5 5� 53 5� 55 5X 

3 

6 
2 

2 
3 2 

4 2 4  4 2 4 4  J 3 4 
2 

2 
5' 6 4 2 4 3 

2 

2 

2 2 

J '  

4 2 6 4 J '  

2 2 

5 

4 

4 

4 
4 

2 4 
7 7 (, 6 

4 4 4 5 

3 
4 2 

4 4 

5 3 

3 

4 3 

2 

J 
3 2 

6 

5 9 5 5 (, 2 5 6 (, 4 2 .j 3 

(, 
R 

6 

5 

5 
9 

I O  
2 

2 

1 

5 
4 

4 

3 
5 6 6 6 4  
H 6 5 

8 6 4 

2 6 4 

4 
4 2 

2 

2 
4 

2 
1 

6 6 I O  7 X I O  4 5 

2 

2 

I O  H 
4 

5 
9 I O  
2 

5 <I (, 4 

6 
8 
6 
9 9 
4 

4 
2 

5 

4 

6 
7 

3 
7 2 4 

6 2 I O  
5 

2' 

4 

3 

4 
4 

I O  
.j 
7 

5 (> 

5 

J O  
<I 

2 

2 

2 

J 5 5 J 3 
7 H 6 2 5 3 
2 

6 6 4  2 6 2  3 

7 6 5 4 3  
3 

4 
2' 

2 

2 4 

6 4 4  
6 3 2  

l 
J O  9 R 

3 
7 6 

I O  I O  J O  
4 4 
6 5 6  

4 

4 7 

4 
7 I O  

4 
6 

6 

X 
<I 

5 

2 

2 

6 

3 
3 

3 

1 
2 

X 
I 

4 2 
4 

2 4 

2 2 2 
3 3 

2 2 2  

2 

4 

3 

5 
6 

2 2 

2 

2 
2 
J 
5 

4 
H 

4 

3 

.j 
7 
� 

4 2 � 

F 

3 
" 
J 
6 

2 1  
2 

J 
J 3  

J 
6 

J O  
I 
5 
1 
2 

2 

1 6  
� 
3 

4 

3 
I 
2 
3 
1 

1 9  
J 7  
3 
J 

J 9  
1 

J 7  
� 
2 

3 
2 

J O  

1 2  
1 2  
6 

2� 
J 
9 

22 
J �  
1 6  

p 

D 
D 
D 
D 
D 
D 
D 
B 
D 
D 
D 
B 
D 
D 
D 
D 
B 
D 
D 
D 
D 
D 
D 
D 
O 
O 
D 
B 
D 
O 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
B 
D 
D 
D 
B 
D 
D 
D 
D 
D 
D 
D 
D 
D 
B 
D 
D 
B 
D 
B 
D 
D 
D 
D 
D 

1 2 1  

N 

J 9  
I O  
24 

380 
7 
2 

48 
1 9 1 6  

47 
3 
4 

443 
J 
2 

39 
6 

460 
J 

88 

6 J  

1 
27 
1.4 
J 9  

R796 
2 1  
J 5  

o 
Hg 
J 2  
7 J  
� J  
2.'i 

1 
2 
4 

J O  
1 043 
766 J 

6 
1 
6 

6 1  J 9  

2 1 0 J 4  
94 

5 

44 
3 

95 
1 4  

3476 
407 
J OO 

J 08499 
8 

J 6 J X  
J O J 6  

3 1 9  
5548997 

23� 
J H5 1  
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Table 3 (ContiJl llccI ) .  

Taxon Sample 
3 � 5 6 7 R 9 1 3  17 IR 2 1  22 24 31 34 38 39 44 45 S2 53 S4 55 S8 

Lo/illll/ 
Lo/iII/II "1'/'('////(' 
Puet alll/UU 
POcl pu/uslr;.\" 
POl/ IH'IIlCI/S;,\,!,,."" ;,,I;,\' 
I'lIl 'cilld/ia 
Pllcci//d/ia diSI(///.I' 
PUCcilll'lIill IIll1rilill/ll 
CYIIlJSllrtlS ('riSICI/liS 
BrolllJl,'i 
BflllJlIIS IlOrdcilCCII,'ilscCcllillllS 

5 

1:'/\'1111/.1' (/III1'/'iclI.l'//'1'/"'//.I' 2 2 2 
ElY//III.I' ( ,(//Ii//lls 
//"/'''1'11//1 
l /ordcllIIl \'ulgllre 
A n'l/cI 
/ lO/CII.l' /c/lIllIIlS 
"grosI;,\' 

2 S 

7 2 

s 

7 

6 2 
6 

4 

2 

4 4 

.j 3 
6 

2 

4 

.j 
I O  R 9 9 .j 

.j 6 
6 

2 

A/uJ1ccun,s MClli('II/CllIIs 
PII,.a,l!.lIIileS tllls/ralis 
DalllllOllio dcculJlhcl/s 
Grcllllilll'Ol' fril>. C('rcfI/ccll' 
Seir!,lI.\" laclfs/ris ssp. ,,,h. 
SeirplIs lJIaritimt/s 
Elc"c!/a/'i.'· /w/IIS1/'i.l' 
t:t(,"c!IiI/'i.'· 1/lIi/Il/II1'/7,,/'a 
Ullr//( ,/Il!JfJlJ/'t/ (//ha 

2 2 � 3 2 6 

Cafex (l('IIIl1ll1igra 
Carl'x ('""rilla 
Ca/,('x "i.l'lII//s 
C(//'('x disli('11iI 
C(//'('x j!al'lllle"id.lo('''('/'i 
C(//,ex o\'lllis 
Ca rex IJclllicca 
ClIfe.\" ripClria 
C(//,ex subg. Ca/'e.\' 
Can'x subg:. \ 'iglll'{l 

6 

6 
4 2 2 

4 

4 

6 
I 2 
4 

4 

5 
4 

6 
2 

6 

6 

6 

-' 
X 

I O  6 � 

2 

� � 4 

5 S 4 
4 " 

5 4 2 

� 2 5 

6 

4 2 

9 lJ X 4 7 

6 S 6 � 

-' 
5 5 -'  
-' -' 

3 

4 I 
4 

3 

2 

5 

2 2 

4 

5 � 6 

S 

2 
3 
� 

2 

3 

6 4 � 

F 

I 
7 

I I  

1 2  
6 

1 5  
I 

1 5  
� 
I 

2 
1 7  
S 
I 

2 
� 
4 

I 
2 
I 
2 
2 

p 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
R 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

N 

6 
57 

583 
6 

2360 
1 6  

654 
432 

2 
2 

6 1 11  

7 
265lJ 

9 
1 9  

72726 
I 

S2 1 
I �� 

I I  
4 2 2  
1 4 1  

8 
I 

l S I  
32 
45 
1 9  

292 
S 

1 4  
54 
2 1  

Table4.  TaxaofHeveskesklooster preserved by lIncharred macro-remains from period 3 and 4. F. Sample freqllency: P. Plant parts: N .  Total number 
of plant parts. For otller abbreviations. see table 2. 

Taxon 

Sali.r 
Sali.r \'illli//alis 
B1'llIla 
Bl'/lIla l,clldllla 
Bellllcl lllll,,'s('('//s 
QII{'/'CIIS 
FiclIJ earica 
/-IllIIIItIlIS IIII>IIIIIS 
Call//ahi" sll/i\'a 
Urlim clioica 
Un;c(I urens 
PolygOllllJll 
Po/ygol1UJIl (I\';clllaJ'(, 
PO/ygolIlIlIl cOIn'o/\'IIIf1s 
Pn/r!io//II//I IIydropip{'/' 
Poll'!io//II//I ltlptl/lli/i,/ill//l 

Sample and period 
I 2 23 .H 47 4H 
-' 3 3 3 3 3 

4 

6 

7 
6 

4 

4 
6 
4 
3 
6 

5 

5 

2 

6 5 

6 

2 
3 
5 

7 
2 

9 

6 
4 

2 

3 

49 50 S I  56 
-' 3 3 3 

3 
6 
6 
4 

6 

4 

4 

6 

6 

6 

4 
4 
6 

5 

4 

4 

3 

6 

6 

4 

S7 
3 

2 

4 

4 

3 

59 
3 

2 

2 

4 

4 

� 3  
4 

4 

3 

2 
6 
5 

5 

5 

46 
4 

2 

4 

5 
Il 

3 
7 
6 

5 
6 
5 
7 

F 

2 
2 
3 

4 
3 
I 
9 
5 

I I  

1 4  
7 
I 

1 3  

p 

o 
B 
D 
B 
D 
O 
D 
D 
D 
D 
D 
D 
B 
D 
D 
D 

N 

3 
1 39 

R7 
49 

1 97 
1 1 6 

2236 
1 5  

74 
1 1 1 3 
952 
46R 

2909 
4 1 8  

64 
1 2268 



Table 4 (Conlinued). 

Taxon 

Po/ygOJ1UI1l milius 
PO/ygollUI11 persicaria 
FlIM0!1Yl'UIII CSCUIl'1I1111J1 
Rlllllex 
RIII//('x "ccloscl/" 
RIIIIICX crispIls 
RIIIIICX "w/m/"p,,/IIIIIII 
f?1I1J1('X 1JI1Iri,illlllJ 
RIII//('x Oh/lISi/i,/ills 
C"C//(II/IIl/i"ce'lc 
Bl'/cI ,'u/guris 
C"CJlop(}{/illll/ ,,/hl/III 
C"cI/IJpodillllljici/;,1i1l1ll 
CII<'III/I/(/(/illlll g!t//u 'lIl/llmlmllll 
CII<'I/IJ//(/(/illlll "yhridlll// 
A/ril'/CX liu.lpms/rtI/" 
A/ri" h'x IWIII/,,/pmslrtI/" 
S"/immi,, Cllro/WC" s . 1 .  
Swu'c!lI l1lllritimll 
A rcl/"ri" .H'/pyl/i/;'/i" 
MO('/Irill).:ill trine/Tia 
S/cl/"ri" gmlllil/c" 
S/cl/aria Illedia 
S/cl/aria IIligil/o.w 
C{'raI/i/1II1 ,,/1·ClI.<c//;II//alllll/l 
S(I;':;II(I 
S,/gi/1I1 apc/a/"lpl"Il{'lIl/ll"'/ls 
Sc/eml/IIIIII W/I/IIIII 
Spl'rgu/a oll'ens;s 
Spl'r;':lIlaria mari/ima/salina 
Lycllllis .!1IJs-cllcllli 
AgJ'()s/l'IJlIIUl gitlwgo 
Silcl/c diIJica 
SilcI/c I,,/if (ssp. alh,, )  
Si/elle' \'u/;..:aris 
S"!,ol/,,ria IJj)icil/,,'is 
(','ra/I'!'''ylllll/I dCl/lCrSlI1II 
Nigel/a "/"I'cl/sis 
R'lIIl1l/cIlIIlI j!"I/IIII/t/a 
l/"I/III/{'IIII1I rcpcI/s 
R'III/IIICI/IIIS sarr/Ol/I 
RtIII/II/cI/IIII Icc!cmllls 
I/'II/I/I/CI//I/S subg. !Ja/mc"il/III 
Ral/lIl/cl/ll/.I" sung. R"'l/lI/clIllIS 
A/fllilegia 
Pa/ltll'el' ar/:cIJI()JJ(' 
PlIl'lIrCr .wJlllIIf(l'rIlJII 
C"c1ir/ol/illll/ I/W)I/S 
C(,/",,/ol"ll/I//OI c!tll "il"llla/(/ 
Cmci/"fl/C 
f)('scllnlillia s(}ph;a 
Bt/than'lI \'lIlgllris 
8(''''''1"(1(1 i"nlllll 
Clw"'e"ri" ojJicil/alis 
(" lIlIelilIlI scl/i"tI 
NCIlia !,ol/iclIl,,{(/ 
Ca!,sclla /l/Ir.<tt-!'aItnriI 
TltlaIpi ",TCI/S1' 
LCI'ir/illll/ ctlll/pcs/rc 
C{)f(}/I(J/JlIS SlJllllIIlllIllS 
LJrussica JliJ,:ra 
BrassiC'(/ ril/w 
SiJlapis lIITCJlsis 
RlIJ'illIllIlS rtlpllllllis/mlll 
Ri!>"s I/igmm 

BOfanical macro-rell/aills O/ HeJ'eskeskloosfer 

Sample alld period 
I 2 23 32 47 �R 49 
3 3 3 3 3  3 3 

2 

7 

Il 

I O  

II 

4 

4' 

x 
5 

6 

4 
4 

6 4 

4 

2 
6 7 

8 
4 6 

2 

IO 

4 6 

7 

2 4 
2 

4 
8 
7 
7 

4 

" 
6 

5 
7 

5 
7 

7 

9 
6 
5 

3 
8 

6 

6 

5 
" 

3 

6 
3 

R 
9 
2 

4 
5 
6 

4 9 
4 

4 
2 I O  

2 I O  

2 

2 

(, 

4 

4 
4 

4 

.1 I O  
2 4 

50 5 1  56 
3 3 3 

3 

6 

2 
6 

5 

6 

4 

7 
6 

4 
4 

6 
5 

9 

-' 

8 
4 
7 
6 

7 

3 

6 
3 
5 

7 

2 

6 
4' 
4 

2 

4 
3 
2 
5 
4 

2 

3 
7 
4 
6 
6 

4 

4 

4 

5 
5 
" 

3 

6 

5 
8 

6 

6 
4 
I 

4 
3 

2 

3 

4 
I 

4 
4 

57 
3 

4 

4 

I 
6 
3 
4 

4 

2 

4 

4 
2 
2 
2 
2 
2 

5 

2 
3 
2 

59 
3 

3 

5 
4 

6 
4 

4 

4 
2 
2 

7 

2 

4 3  
4 

6 
4 

6 

7 

7 
4 

6 

6 

6 

6 
5 

4 
4 
4 

4 

4 
2 
5 
6 

46 
" 

4 
6 
3 
3 
X 
4 

I 
" 

x 

3 
6 

5 
5 
.1 

" 
6 
I ' 

.1 
4 
3 
4 
2 

6 
4 
(, 
6 
6 

F p 

I D 
3 D 

D 
4 D 
5 D 

I O  B 
I D 
5 D 
2 D 

D 
2 D 

1 .1 D 
5 D 
8 D 
I D 
6 D 

1 4  D 
6 D 
7 D 

D 
D 
D 

1 4  D 
I D 
7 D 
3 D 

D 
O 

3 D 
IO D 
.1 D 
2 D 

D 
D 
D 
D 

I D 
I D 
7 D 
li D 
7 D 
9 D 
5 D 

D 
D 
D 
D 
D 

I D 
2 D 

D 
D 
D 
D 

.1 D 
I D 
8 D 
2 D 
I D 
2 D 
7 B 
9 D 

1 4  B 
I I  D 

D 

1 23 

N 

1 4  
2 1 6  

7 
24 

2598 
2779 

I 
637 

45 
37 

3 
1 8294 

1 78 
93R 

I 
66 

3 1 527 
2568 
1048 

1 4  
9 
6 

1 7994 
46 

2663 
3349 

27 1 
58 

1 1 2 
2 1 .145 

.195 
1 926 

1 5  
38 

1 1 2 
.1 
2 
I 

736 
2 1 4  

93 
70 1 2  

62 1 
3 

4 1  
1 7 1  

' 1  
2 

52 
II 

30 
I 

I I  
1 7  

634 
30 

5 
8 

3044 
2870 

32893 
804 
247 



1 24 

Tahle 4 (Conlinllcd) ,  

Taxoll 

UII/ms ./i'/IIico," IIS s , l .  
UII/ms idacIIs 

Potcl/fillcl lil/serina 

POlcl/lil/eI eI"CC(({ 

Frll}{lIrill " e.'lCl1 

Ma/lIs sY/I'cSIl"is 

PrllIIUS l'('rllSIIS 
P/'IIIIIIS dOlllcslica ssp, il/s, 

\ 'idel 

Ficiel }(Iha var. mino,. 

Vida smim 

Mcdinlgo /lIpII/il/a 

hi/il/illlll 

Tri/iJ/illlll call1pcslre 

Tri/iJ/illlll /lI"<IICII,'" 

Tri/iJ/illlll rcpCIIs 

LiIlItlIl IlSi/<lli.\'silllum 

1:."lIp//(Jrhiel lldio,H'o/,ia 

\ 'ilis I'il/iji,ret 

Rilla gl'o\,('o/clIs 

Ma/l'el l/('g/ccliI 

A /I/wea o/)icil/a/i" 

\ 'io/el 
MyrioI'IIY//IIIII 1'CJ"lici//ellIIlII 

Vlllhd/ifcrac 

/ /yt/l"IJnny/e \'II/garis 

C()I';lIJ1drlll1l SClf;" 1I11I 

OCI/(lI/llIc /eI('/"'I((//ii 

Fo('//iclI/1I1I/ \'II/gare 

AI/CI/IIIIII gr{{\'co/cl/s 

COllitllJl lII(/Cullllllm 

Bllp/clIl'Illl/ /"(}I/IJ/(/i/iJ/illll/ 

IIl'illll/ gral'co/cns 

P('ll'IJsdilllllll ("/"isl'lIIl/ 

Pas/illl/ClI satinl 

OllllCIIS carola 

Erica lelret/ix 

Cell/lIl/a \'II/garis 

VlI('cil1iuIII 

GllIlIx lIlllritimo 

Armcricl llltll'itil1la 

MCI/Yell/l/les Iri/il/iellil 

Gel/il/III a/lelril/e 

GeI/il/lII /1a/lwre 

BIIg/o,uoidcs lII"1'cl/sis 

I:cllilllll \'II/garc 

MYlHo/is 

Lahialilc 
Ga/eol',,'is hif,/Sl'cc.!lclr, 

Lal/til/III allll'lc,ricellllc 

LlImilllll p"rpUrCIIIJl 

SliIcllys /lelllIslris 

GlccllOllla lIedcrac:ea 

Pl'IlI/el/eI I'II/garis 

Hy,uo/lIIS of)/cil/Cllis 

Mel/l/II/ a"lImim/all'C'l/sis 

Sall'ia I'erricil/a(({ 

SO/lIIlI/aae 

IIll"IJl'a hd/a-dol/I/a 

Hyo,H:yallllls I/iger 

So/aI/lilli dll/('alllara 

So/al//lJl/ llig/'llJ/l 

ScnJpllll/aria 

Verol/ica /Icderifo/ia 

Ot/ol/filCS I'er/liis 

R,TJ, Cappers 

Sample and period 
I 2 23 32 47 4R .19 50 5 1  56 57 
3 3 3 3 3 3 3 3 3 3 3 

6 

4 

2 

li 
.j 

5 

6 

2 

4 

4 

5 
4 

4 

4 

5 

2 
4 

4 

4 

4 

2 

4 

4 

6 

4 

5 

5 

4 

6 

I 
2 

5 

3 
5 

6 

6 

3 
2 
3 

6 
4 

4 

4 
6 

2 

6 

6 

6 
5 

5 

7 

4 

6 

2 

4 
6 
3 
5 
6 
6 
3 

4 

6 

4 

3 

2 

4 
6 

4 

4 

4 

4 

4 

2 

5 

3 
6 
2 

3 

6 

2 

4 

6 

5 

2 
4 
4 
2 

4 

4 

2 

2 

4 
2 
3 

6 
4 
4 
6 

4 

6 

2 

I 
6 
6 

4 
3 

2 
2 

4 

2 

6 

3 

2 

3 

4 

3 

4 

2 
4 

6 

3 
2 

2 

2 

3 
2 

4 

3 
2 
3 

3 

59 
3 

2 

2 

2 

2 

2 

4 

2 

43 
4 

6 

2 

4 
6 
8 
8 

3 

4 

3 

3 

4 

4 

4 

41i 
.j 

2 

2 
3' 
4 
6 
6 
.j 

I ' 

2 

2 

5 
2 

I ' 

.j 

2 

2 
2 
I 

4 

3 
6 

6 

4 
J 
6 
2 
3 
3 
6 
2 
J 

2 
I 
3 
4 
I 
2 
4 

4 

F 

4 
3 

I O  
I 
I 
2 
I 
2 
I 
9 

4 
3 
6 
3 

I I  
6 
6 
2 
I 
2 
I 
6 

4 
I 
2 

I 
5 
I 
2 
2 
2 
2 
7 
5 
I 
5 
2 
I 
9 
2 

I 
4 
2 
8 
4 
8 
7 
I 
9 

7 

6 
2 
8 

I 
6 

p 

D 
D 
B 
D 
D 
D 
D 
D 
D 
D 
D 
D 
B 
O 
O 
B 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
B 
B 
D 
B 
O 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
B 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

N 

6 1  
1 8  

454 
7 

22 
1 46 
1 04 

1 4  
4 

5 2 1  

1 23 
473 
R07 

1 64X 
3325 

762 
28 
75 
,4 
2 
I 

55 
I 
4 

226 
I 
8 
3 
2 

540 
23 
4 

26 
29 
I I  

1 1 30 
463 
22 1  
1 94 

1 5  
I 

405 
8 

258 
2 

3 1 4 
1 2  

224 
49 

424 
1 77 

1 2  
1 0 1 1 

I 
906 

1 5  
I 
2 

1 1 7 
1 9  

1 30 

36 
1 1 6 



Tahle 4 (ConlilllIed), 

Taxon 

Hllil/l/ll//II/,I' 

Pltlllltlg(l /clllcl'o/a/lI 
P/Oll/elga IlIc�i(}/ ' 

Plal//alio II/{/ri/illla 

S{/lIIlwCIIS I/igl'l/ 

\!{/lcri{/l/clI{/ del//(I/(1 
K"allfia lllTCIlSis 

COlllp""i/(lc 

EII/Jtl/orilllll CWIII{/hil///I1/ 

As/er /ril'olilllll 

Bidcl/s /ril'{//'/i/(l 

AI//llclllis l/I'I'cl/Si" 

AII/llclllis cO/lilli 

Allfhemi,'i lincttJrja 

Acllille{/ lIIillejiJ/illlll 

Malr;('lIr;a 1IU1J'itima 

MlIlriclIrill re'C'lI/illl 

CIIlY,\'(III/llclIIlIlII segC/1I111 

A/'/elllisill 1'lIllillris 

SCIICC;O ds(.'oSlIs 

SCI/cdo \'1111illris 

I\rc/illlll 

Ci/rdlllIS crisl'lIs 

Cirsilllll l/I'I'CI/SC 

Cirs;1I11l rlll/-:llrc 

SilyIJlIIII III{/rii/1/1I111 

CelllllurclI ('-"lill liS 

Cic:l/{}rilllll il//ylms 

AJ'Jloscris minima 

Leol//mlol/ allllllllllt"is 

Leml/odol/ ,,,(m/ilis 

SOJlclws 1I1TCIlSis 

SOl/c/II/S lIsper 

SOl/clll/s olc/'I/cCIIS 

T{//'I/.\'i/CIIIII ojjicil/{/Ie s,l . 
Lal'.'llIlItI CO/llIIIllII;S 

A/i,I'III{/ I'IIIC.ll'llIl//,-{/'1, 

Triglocllil/ III{/ri/illlll 

Triglocllil/ l'<1II1,l'Iris 

Po/alllogc/olI !1l'l 'lilltlIIlS 

P()/(IIIW,t:e1fJI1 p"sillIIS 

RlljJjJii/ lII{/ri/illl{/ 

Zi/I/I/icllellill jJlIhu/ris 

Zi/I/I/ichellill 1'((1, Ss p, /,,'d, 

.II1I/CIIS 

.I111/('IIS i/cllt.!artic,!Iwlh, 

.II1I/CIIS Im/ol/ills 

JIII/('IIS lie/"{//'{Ii 

Gl'amine'lIc 

Fc,l'IlIm mhl'l/ 

Lolilllll l'CrCllIIC 

Lolilllll /elllulell/IIII/ 

POU l/llJllIlI 

PO{/ jJ{/lus/ri" 

POll 1'/'I//cl/sis//rivi{/lis 

Puccil/dlill di,HWIS 

Pucdl/clli(( lII{/ri/il/llI 

CYllosurlls Cr;SflltllS 

Aper{/ sl'iw-I'ell/i 

Bmlllus //(mlcllcclIsl,\'('c((lil/lIs 

EIYlllus ll/hericus/n'/,,'I/S 

Semlc ccrelllc 
/-/O/'{/CIIII/ 

!-IordculII \'IIlgarc 

!-I,m/culII \'IIlg. "p, dis/. 

Botanicaf macro-remains af Heveske skfooster 

Sample and period 
I 2 23 32 47 4R �9 50 
3 3 3 3  3 3 ,� 3 

6 

5 

6 

2 

4 

4 

9 
8 
7 

5 

5 

6 
4 

4 

4 
4 

2 

6 

5 � <) 
4 6 3  

4 4 6  

2 

4 

2 3 

6 
4 3 

5 
3 

4 

4 5 8 
8 

4 6 

5 5 <) 6 

2 4 
8 

7 I O  I O  I O  
3 6 
6 

8 

5 4 6  

5 4 5 9 
4 
5 

6 

I 4 
4 6 6  

5 4 8 

4 6 
6 
X 4 

4 

I 
4 

4 4 
4 3 

9 
7 4 
7 

8 

5 
4 

6 
7 6 
6 

4 5 
6 

9 4 
I O  6 

8 6 
4 4 

4 
4 K 

5 

K 
6 I O  

6 
8 9 I O  

6 6 
3 

6 2 
3 

4 6 4 
4 2 

4 7 4  
4 

4 4 

4 5 
8 

6 
7 

4 

5 1  56 
3 3 

4 4 
3 

57 
3 

4 5 � 
3 5 2 
4 2 2 

2 
4 5 2 
I 

6 
3 

8 4 
6' 

6 2 
2 2 
4 4 2 
I 2 

4 4 3 
5 6 5 
5 3 3 
5 5 3 
6 2 3 
2 

4 6 6 
3 
2 

2 
3 

2 
2 2 I 
8 I O  9 

7 
9 I O  I O  
4 6 

3 
2 

4 4 4 

6 7 3 
2 

3 6 2 

5 
3 

5 

59 
3 

2 

2 
4 

4 

3 
2 

3 
4 
2 
4 
2 

6 

2' 
4 

I O  

2 

4 

2 

43 
4 

46 
� 

� � 
I 

4 � 
6 ,  

4 
4 
2 

6 2 

5 
6 

3 
.:I 

4 
3 

2 
4 7 

3 
4 

6 2 

3 

3 
3 

3 

8 4 

6 
3 

I O  I O  
I 

I O  

4 3 

I O  5 
3 

6 
4 

4 3 
6 

2 5 

125 

F p N 

II D 242 
� D 34_� 

1 2  D <)32� 
8 D 523 
5 D 77 

D 48 
D 4 
D 42 
D 3 

I I  D 5 1 8  
6 D 260 

D 68 
D 1 39 

I D I 
2 B 6026 
7 D 1 039 
4 D 768 
I D 4 1  

5 B 37 1 3  
D 1 08 

I D K5 
K B 1 52 
5 D 1 42 
9 B 96 1 
7 D 1 65 
I D 3 
3 D 770 

D 9 
D 50 

I I  D 390 
5 B 4K8 

1 2  D 1 45 1 5  
I I  D 1 7 3 1 9  
I I  D 4256 
3 D 27 

D K 
D 1 2  

1 3  B 1 6664 
2 D 88 
2 D 6 
I D 2 
2 D 25 
I D 9 
I D 5 
6 D 4732 
8 D 89885 
3 D 948 

1 4  D 1 97757 
9 D 1 438 
7 D 1 1 585 
6 D 1 667 
I D 8 

1 3  D 880 
2 D 44 

1 4  D 35536 
5 D 1 08 
I D 77 
6 D 464 
I D 1 68 
8 D 250 
9 D 1 733 

I 
9 

D 400 
D 
B 
O 

I 
2223 

530 
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Table 4 ( Continllcd l. 

Taxon Sample and pcriocl 
I 2 23 .H 47 4R 49 50 5 1  56 57 59 43 46 F P N 
3 3 3 3 3 3 3 3 3 3 3 .1 4 4 

HordeulII \"II/K. ssp. dist.lI·. I O  I O 1 2282 

A .. ella 4 3 6 R 3 7 D 3883 

A I'clla /al/w 6 6 4 3 B 472 

A n'lIa smi .. a 7 6 2 4 O 959 

Ho/eus 4 1 D 2 1  

H,,/nls /all(((us 7 4 5 6 4 4 6 D 937 

AKmslis 8 5 7 8 9 9 I O  R 8 6 4 8 8 1 3  D 37733 

A /OpCClrrll.f KCllicu/mus 6 6 6 4 5 2 6 7 D 853 

Plmlglllilcs auslra/is 3 4 4 4 4 3 6 D 1 02 

D(I(u/uJ/lia dcculII/JCI/J 4 4 6 8 4 6 5 5 8 B 2267 

PalliclIlIl milillccllm 4 D 25 

Sewria pUllli/a 5 D 66 

S('{ori" .. "nici/U .. iridis D 1 

GrlllJlilll'Cll' Irib. C("("clI/"ac 2 1 D 2 

L('1II11l1 .j 7 2 6 4 D 1 067 

L("/IlIll/ lIIillor O I 

Lelllllll Irim/ca O 
7>'plw allgusli/!/alifolia 4 1 D 46 

.)CiljlU.f I,,("((slris ssp. IlIb. l '  4 2 2 4 1 6 D 40 

SCirl'llS 1II11ri,;mllS 4 3 4 5 4 4 4 4 6 3 4 1 2  D 565 

Scirpus mlils 5 1 D 5 1  

EritJpluJrll1II allgusli/"liulII 2' 1 D .2 

Eriophomlll rcrgillilllllll 3 2 2 D I I  

E/eoe/wri ... pa/lwris 4 5 6 4 I O  4 6 6 8 4 4 1 2  B 1 5923 

E/eoe/wris CfuiIlCfU<17ortl 3 8 2 4 4 5 B 2 1 00 

Can'x aClllallligra 4 5 6 4 8 4 5 5 3 5 4 I I  B 2777 

C"rex aClllijimllis 4 D 1 2  

Can'x cuprilla 4 6 2 6 4 2 2 4 9 B 364 

ClIrex clislwU 2 4 4 4 .j 5 D 1 03 

C"rex tfi\"ll/.w 2' D 2 

ClIrcx ex/elisa 4 4 2 D 54 

Care.r j7tl l·al/e"id.lI!('dcri 4 4 4 8 5 6 6 5 4 4 I O  B 2402 

Carex o .. a/is 4 7 6 8 4 4 5 5 3 2 I O  B 4506 

Cal'ex /umit'('(/ 4 2 4 8 3 5 4 2 3 I O  D 1 852 

C"rex /J<IIlinrlalil 4' D 1 2  

Carcx pi/u/item D 1 

Carc.r pselu/oeypcms 3 D 6 

Carcx riparia D 

Can'x sl'il:ma 4 4 5 2' 5 D 1 28 

Carex suhg. Carex 4 4 4 3 D 48 

Cafex suhg. \fignea 4 2 4 4 D 99 

Alrullwmlllll melCf�IICI(/ 4 2 D 1 3  

Table 5 .  Taxa o f  Heveskesklooster preserved by charred macro-remains o f  periods 1 -4.  F. Sample frequency; P .  Plant parts; N .  Total number of 
plant parts. For other abbreviations. see table 2.  

Taxon Sample and period 
I O  I I  1 2  1 4  1 5  1 9  20 25 27 30 33 35 36 37 40 4 1  3 4 5 7 9 1 3  

I I I I I I I I I 2 2 2 2 2 2 

Quercus 2 
Po/ygollaceae 4 
PO/ygOI//IIII aviC/tfare 
PO/ygOllulII /apathi/otiu/II 
Rumex crispus 
Chellopodiaceae 4 3 
Chellopodiu/ll 
Chellopodiu/ll a/hum 2 
Chellopodiullljicifo/iulII 4 
Atrip/ex patu/a/prrWrata 3 4 2 4 4 
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Table 5 (Continued). 

Taxon Sample and period 
1 0  I l  1 2  1 4  1 5  1 9  20 25 27 30 33 35 36 37 40 4 1  3 4 5 7 9 1 3  

I I I I I I I I I l I 2 2 2 2 2 2 

Salicomia ellropaea s.1. 3 

SIweda maritima 4 3 

Stellaria 
Stellaria media 
Ral/lIl/Cllllls jlallllllllla 
Ral/lIl/cllllls repelIs 
Sil/apis arvel/sis 
Raphal/lIs rapltal/istrt/III 
Potel/tilla al/seril/a 
PislIlIIlVicia 
Vida 
Vida/aha var. lIIil/or 
Vida satil'a 
Medicago IlIplllil/a 
Erica tetralix 5 4 4 

Call1ll/a I'lIlgaris 6 4 6 3 

O.\)'COCCIIS pall1stris 
Elllpetmlll l/igrt/m 
Galilllll aparil/e 
LamillIII am{llexicallle 
Staclt)'s pall1stris 
Plalltago lal/ceolata 
PIalItaliO major 4 

SamhIleIIS I/ilira 
Compositae 
Matricaria maritima 3 

Arctillm 
Leolltodoll saxatilis 
SOl/cltlls arvel/sis 
SOl/cllIIS oleraeells 
Trililochil/ maritima 
Jill/eliS 4 

JIII/CIIS gerardi 7 4 4 2 

Gramil/eae 2 

FestlIca l '  
FestlIca pratel/sis 2 

FestlIca mbra 3 

Lolilllll 
Poa 
Poa alllllw 4 3 

CYI/OSllrllS cristatlls 
BromIIs Iwrdeaeellslsecalil/lIs 
Elymlls 
ElYlIIlIS athericllslrepel/s 
Tritiellm aestil'lIl11 
Hordell/II vlllgare 3 2 2 4 4 4 3 3 6 2 3 2 2 2 

Hordell/l/ l'lIlli. ssp. dist. 
Hordelllll vIIIg. (l/lle1l1l11) 
A l'ella 
AI'ella/atlla 
Avelw sativa 
Agrostis 8 

Ph/ell/I/ 
DUI/tltol/ia deClllllhl'lls 
Gramilleae trilt. Cerealeae 
Scirp/ls maritimIIs 
Eleocharis pall1stris 
Eleocharis qllillqlll'jlora 
Carex aClllallligra 
Carex distalls 
Carexjlavallepid.loederi 
Carex pal/icea 
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Tablc 5 (Contil1ued) .  

Sample and period Taxol1 
1 8  22 24 3 1  34 44 45 52 53 55 I 2 23 32 47 48 49 50 5 1  56 57 59 43 46 F P N 
2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 4 4 

I O 2 QUERCSP 
I D 1 1  POLGOAE 

3 2 2 4 8 D 34 POLYNAV 
2 l l 3 D 4 POLYNLA 

4 l B 1 1  RUMEXCR 
2 D 1 9  CHENOAE 
I D l CHENOSP 

2 2 5 D 1 0  CHENOAL 
I D 24 CHENOFl 

4 6 6 2 2 4 - 4 - 1 6  D 637 ATRlPPP 
I D 7 SALlCEU 

3 - 2 5 D 32 SUAEDMA 
I D l STELLSP 

4 2 D 40 STELLME 
- 3 I D 6 RANUNFL 
- 2 I D 2 RAN UNRE 

- 2 4 2 - 6 B 37 SINAPAR 
- 2 I D 2 RAPHARA 
- 2 - 2 D 3 POTENAN 

I D I PISXVIC 
l D I VICIASP 

2 5 D 6 VICIAFM 
4 2' 3 D 2 1  VICIASA 

l l D I MEDICLU 
- 4 - 3 4 4 8 O 203 ERICATE 

8 - 6 - 6 8 O 2566 CALLUVU 
l I O l OXYCOPA 
2 I D 4 EMPETNI 

- 2 l D 4 GALlUAP 
I D I LAM IUAM 

- 2 D 2 STACHPA 
I D l PLANTLA 

3 2 3 D 23 PLANTMJ 
l D l SAMBUNI 

4 l D 1 9  COMPOAE 
- 3 - 2 D 1 7  MATRIMA 

l l D l ARCTISP 
- 3 - 2 - 2 D 1 0  LEONTSA 
- 3 l D 7 SONCHAR 

l 2 D 2 SONCHOL 
4 l D 1 2  TRIGLMA 

- 3 - 2 5 - 7 D 1 1 2 JUNCUSP 
2 6 D 1 0 1 5  JUNCUGE 

- 2 - 2 5 3 2 9 D 84 GRAMIAE 
- J 2  2 D 2 FESTUSP 

l D 2 FESTUPR 
2 3 D 1 1  FESTURU 

- 2 l D 3 LOLlUSP 
- 4 l D 1 7  POASPXX 

- 2 D 3 1  POAAN N U  
- 2 2 D 4 CYNOSCR 

1 D I BROMUHS 
- 32 l D 8 ELYMUSP 

- 4 - l '  - 3 D 1 4  ELYMUAR 
1 I D I TRlTIAE 

5 7 8 5 6 3 2 2 3 6 4 2 8 6 5 2 3 36 D 4462 HORDEVU 
- 2 l O 3 HORDEDI 

I l D I HORDEVN 
2 2 3 4 - 4 7 D 48 AVENASP 

- 4 l B 22 AVENAFA 
2 l O 3 AVENASA 

6 - ]l 3 D 1 770 AGROSSP 
3 l D 6 PHLEUSP 
3 2 3 D 1 0  DANTHDE 

l D I GRAM ICE 



Botanic(t! macro-remaills of Heveskesklooster 1 29 

Table S (Continued). 

Sample and period 
1 8  22 24 3 1  34 44 4 5  5 2  53 55 I 2 23 32 47 

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 

Salvia verticillata and Silybum marianum. I n  the 
folIowing paragraphs some of these species are dealt 
with in detail. 

The average number of taxa in I SO ml samples is 
about half of the larger samples, but there is  a 
considerable overlap (150 ml: (1-)22(-42), s.d. I I  
(N=16); 1-3 l itre: (10-)50(-157), s.d. 31 (N=43)). The 
small samples yielded 80 different taxa, while the larger 
samples of corresponding periods 1 and 2 yielded 180 
different taxa. Species found only in the smaIl samples 
are: Beta vulgaris, 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 
ofpreservation. They were: Festuca pratensis, Hordeum 
vulgare ssp. vulgare (n lIdllm) , Oxycoccus pall1stris, 
Pisllm/Vicia, Triticllm aestivlIm and Vicia sativa. 
However, naked barley cannot be identified in uncharred 
condition, which makes it uncertain whether to inc1ude 
it on this list. 

3.2. Wild plant species 

3.2.1. Comparison of samples with respect to species 
composition 

The cumulative percentage ofvariance of the complete 
data matrix without data transformation, explained by 
the first Jour axes, varies between 1 3% 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 
explained by these axes (table 6). As to charred remains, 
data transformation reduces the percentage of species 
variances too, but increases the total inertia (table 7). 

Both logarithmic transformation and con version to 
presence/absence ( l /O) cause loss of information, but 
minimize the extreme differences between species 
scores. Particularly when the l /O-transformation is used, 
the percentages are relatively low and can be explained 
by no isy species data (ter Braak, 1988). The extreme 
differences in seed numbers have to be regarded as 

48 
3 

Taxon 
49 50 5 1  56 57 59 43 46 F P N 

3 3 3 3 3 3 4 4 

I 2 D 2 SCIRPMA 
3 3 2 2 5 D 22 ELEOCPA 
2 I D 2 ELEOCQU 
3 2 2 D I O  CAREXAN 
1 1 D I CAREXDI 
4 2 2 D 1 4  CAREXFL 
2 I D 4 CAREXPA 

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

Cumulative percentage variance Total 
Axis I Axis 2 Axis 3 Axis 4 inertia 

No samples am il/ed: 
No transformation 1 3.2 25.9 35.9 44.9 4.533 

2 Ln-transformation 14. 1 25. 1  3 1 .7 37.6 2.892 
3 Ol l -transformation 1 1 .2 19.6 25.0 29.7 3.376 

Reduclioll a[.wmples 
alld 11I-lrallsformalioll: 

4 >10 taxa/sampk' 14.3 25.5 32.2 38.2 2.845 
5 Small volume only' 14.6 27.4 39. 1 47.6 1 .495 
6 Large volume only-' 14.7 26.2 33.2 39.4 2.764 
7 Without period 4 1 3.7 2 1 .4 28.7 34.9 2.735 
8 Without period 

3 + 4  1 3.0 23.5 32.2 39.2 2.588 
9 Without period 

3 + 4' 1 1 .3 20.2 27.3 32.7 2.35 1 

, Samples omillcd: HK\0930 (No. 1 6), H K\ 1 227 (No. 1 9), HK\1 555 
(No. 28) and H K\ 1 96 1  (No. 42). 
Volume: 1 50 ml. 

J Volume: >= I l itre. 
, Samples omillcd: HK\079 I (No. 1 3) and HK\1489 (No. 27). 

Table 7. Summary ofCorrespondence Analyses of charred remains of 
Heveskesklooster. 

Cumulative percentage variance Total 
Axis 1 Axis 2 Axis 3 Axis 4 inertia 

No samples om il/ed: 
No transformation 14.7 

2 Ln-transformation 1 1 . 1  
3 O/I -transformation 8. 1 

29.0 43. 1  
2 1 .3 30.2 
15.8 23.2 

55.2 
38.2 
29.5 

6.557 
7.222 
8.38 1 

variations in dispersal strategies rather than species 
abundance. Because the In-transfonnation reduces the 
range of raw data counts without eliminating i ts  
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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Fig. 7. A-D. Correspondence ordination diagrams of the botanical remains of Heveskesklooster. showing correlations between samples and 
extrinsic environmental variables. A. Samples of all periods: B. Samples of periods 1 -3; C. Samples of pcriods 1 -2 :  D. Samples of periods 1 -2, 
without sample H\(\[)79 I (no, 1 3) and HK\1489 (No. 27). 

volumes, had l i llIe 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. 

The ordination diagrams are separately presented for 
samples and species for reasons of readabil ity (figs 7 
and 8 respectiv'ely). 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 that are 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 wilh the origin of 
the axes. On the other hand, species points represent the 
mean distribution of that particular species over all 
samples in which it  is present. Distances between points 
ean be interpreted only with respect to either samples or 
species. When samples are compared with species, the 
distance of the projection from object to vector must be 
interpret�d. Isolated samples in diagrams are characte
rized by a different species composition, whereas spe
cies positioned far away from theorigin are characterized 
by species scores that greatly differ from the marginal 
frequencies. The visualization of data in a diagram is 
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l imited to two dimensions and nearby points may in faet 
be less c10se than suggested. The scale of the axes 
corresponds with the sample and species scores, the 
scale of the env ironmental variables is multiplied by 
1 000. 

Some of the nominal environmental variables were 
omitted: the location ' terp top' because coll inearity was 
detected when fitting variable 'refuse' , as well as location 
'beyond terp' and feature types 'well ' and 'others' (viz. 
posthole and well casing) for they had negl igibIe 
varianees. 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 ean be 
seen by both direction and length of arrow or position of 
centroid of the environmental variables (fig. 7 :A). 
EspeciaIly sample HK\2098 (No. 46) taken from a ditch 
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Fig. 8. A-C. Correspondence ordination diagrams of the botanical 
remains of Heveskcsklooster. showing the distribution of the species 
with respect to salinity. A. Glycophytes: B. Halophytes: C. Indifferent 
( t  ri angle) and not coded (squareJ species. A tick mark is placed after 
each 0.5 interval: the value belongs to the last tick mark of  each axis. 

dated to period 4 stands out by its isolated position due 
to many species that were found in this sample only. In 
faet, 1 9% 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 fieIds (Seca
lietea), such as BlIglossoidesarvensis, Knautia arvensis, 
Lapsana commIllIis, Neslia panieulara and ValerianelIa 
dellfata, and other taxa in fieIds of summer cereals and 
root crops (Polygono-Chenopodietalia), such as Cll1Y
santhrmum segetum and Setaria verticillata/viridis. The 
other sample of the last period, HK\1 995 (No. 43), is 
located neartheorigin thus indicating that its composition 
differs only slightly from the mean composition of all 
samples, represented by sample HK\0735 (No. 1 2) of a 
waste layer and dated to the first period of habitation. 
Species that are unique for sample HK\1 995 are only 
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to moisture regime. D. Aquatie; E. Wet; F. Moist: G. Dry. A tiek mark is p laeed after eaeh 0.5 interval: the value belongs to the last t iek mark of 
eaeh axis. 

Petrosefinum crispum and Typha angustijolia/latijofia. 
Its intermediate position is the result of different species 
composition with respect to samples of the other three 
periods. Samples of periods I ,  2 and 3 are grouped into 
two clusters: the samples of the first two periods and 
samples ofperiod 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\1 67 1  (No. 36) is deri ved from considerable 
depth if compared with the other samples (fig. 6), its 
species composition differs only slightly from other 
samplesofthe first habitation period, inc!uding HK\1 670 
(No. 35) collected from the same well .  

When the two samples o f  period 4 are not i nc!uded 
in the analysis, the cumulative percentage of variance 
and total inerti a differs only slightly from the percen-
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Fig. 8. H-K. Correspondenee ordination diagrams ofthe botanical remains ofHeveskesklooster. showing the distribution ofthe species with respeet 
to moisture regime and nutrient avai labil ity. H. Indifferent (triangle) and not eoded (square) species with respeet to moisture regime: I. Rieh soils: 
J. Moderate soils: K. Poor soils. A tiek mark is  plaeed aner eaeh 0.5 interval: the value belongs to the last tiek mark of cach axis. 

tages ofthe 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 :8).  Four 
samples of the third period take up a distinct position. 
The two samples that originate from a well casing, viz. 
HK\1 294 (No. 23) and HK\1 584 (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\O082 (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 
responsibIe 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 puhescens, 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 Vi tis vini/em). 

When the data matrix is reduced to species ofthe first 
two habitation periods only, depth and period remai n  

the environmental variables with the most variance and 
samples from both periods become visible as two more 
or less separate c1usters (fig. 7:C).  Two samples take up 
a remo te position: HK\1 489 (No. 27) and HK\0791 
(No. 13). The former originates from a waste layer 
dated to' the first period, the l at ter is the only 
representative of one of the five well s that have been 
sampled ofthe second habitation period. As many as 29 



Botanical macl'O-remains of Heveskesklooster 1 35 

p 

R 

;: 

• 

.\ 
• 
.1\. 

·1 .5 

• • 
• • • 

·t .S 

• • 
.. 

• 
• 

•• 

I-

� 

•• 

� 

• 

-
• 

• 
• 

• 

• • 

• 

• • 
• 

• 

• 

• • 

• 

� . . 
•• •  
••• 

• 
eII. 
• • 

• 

• • 
c. 
� • 

• 
• 

• 
• 

• 

• • 

• 

• 

+5.5 • ·1 .5 +5.5 
• 

• 
• 

� 

• 

Fig. 8. P-S. Correspondence ordination diagrams ofthe botanical remains of Heveskesklooster, showing the distribution of the species with respect 
to vegetation structure.  P. Pioneer vegetat ion: Q. Woodland and shrub: R, Grassland: S. Indi fferent ( triangle) and not coded (square) species. A 
tick mark is placcd after each 0.5 i nterval: the value belongs to the last tick mark of each axis. 

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= 1 2 1 ), as is almost the 
number of un ique taxa for each ofthese periods (period 
l :  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 :0). The only 
isolated sample is HI(\J)735 (No. 1 2), which is 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. Enl'ironmental 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 
dot may represent more plants. All plots are on the same 
scale as the 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 
axes in figure 8 are larger. Foreach habitat factor, plants 
characterized by a broad ecological range (indifferent) 
or not coded, have been presented in a separate plot. In 
particular, this category ind udes cultivated plants, partly 
of exotic origin. 

Glycophytes are scattered in two directions (fig. 
8 :A). They are partly located in the upper left and lower 
right quadrants, a direction particularly determined by 
period. The second gro up 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). Although sample 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 
taxa that are not coded are also present in the upper right 
quadrant (fig. 8 :C). 

The moisture gradient shows a l imited 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: Seirpus 
/aeuslris ssp. /aeuslris and Spergu/a arvensis (table 8). 

Plants indicative of low, moderate and high nutrient 
avaiIabil ity are found in all periods and show a decrease 
in the numberoftaxa from rich to poor soils (fig. 8 : I-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 nu trient availabiIity (i.c. Call1lna vu/garis and 
Erica lelra/ix) and medium nu trient availabil i ty (Le. 
Conium maeu/alum and Spergu/a arvensis), but is very 
well represented with 24 taxa for soiIs with high nutrient 
supply (table 8). Indifferent taxa and not coded taxa 
form a large part (fig. 8 :L), the latter parti y because they 
ind ude halophytes that are not coded for this category 
(Runhaar et al. ,  1 987). 

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

Table 8. Taxa with small ecological range toat least one environmental 
category and present in all four habitation periods. Abbreviations: 
Sal. Salinity: Moi. Moisture :  Nul. N utrient availability: Veg. Slructure 
of vegetation & succession (for abbreviations of classes: fig. 9): F: 
Sample frequency: N: Total number of plant parts. 

Sal. Moi. Nul. Veg. F N 

Gr 26 
Pv 1 5  
Pv 46 

R i  3 3  
Ri 49 
Ri 1 4  
R i  Pv 30 

Mo Ri  19  
Mo Ri  Pv 58 
We Ri  1 2  

G I  - 8 
GI 1 5  
GI 1 5  
GI 1 4  
GI I O  
GI 9 
GI 1 2  
GI Pv 9 
GI - Po 1 2  
GI Po I O  
GI Ri Pv 36 
GI Ri Pv 1 4  
GI Ri Pv 22 
GI Ri  Pv 26 
GI - Ri Pv 20 
GI Ri Pv 38 
GI Ri Pv 1 8  
GI Ri Th I I  
GI Dr Mo Pv 5 
GI Mo 1 3  
G I  M o  M o  Th I O  
G I  M o  R i  5 
GI Mo Ri Pv 1 2  
GI M o  R i  Pv 45 
GI Mo Ri  Pv 34 
GI Mo Ri  Pv 23 
GI Mo Ri Pv 34 
GI Mo Ri Pv 36 
GI Mo Ri Pv 6 
GI We Ri Pv 22 
Ha Aq Sa 1 2  
Ha We 40 
Ha We - 30 
Ha We - 53 
Ha We - 56 
Ha We 44 
Ha We 25 
Ha We - 34 
Ha We Gr 1 4  
H a  We Pv 4 1  
Ha We Pv 37 

8 Trijo/illlll repelIs 
9 JIIIICI/S bl/follills 

IO P/ali/aK o lIIajor 
I O  SIJllchl/s an'ellsis 
1 0  Scirpl/s lIIari/illll/s 
8 Cirsillm an/elise 
8 Chellopodilllll g/al/clIlII/rubrulll 
8 Rlllllex crispIls 

I O  AII'ip/ex palll/a/pros/ra/a 
8 A/opeellrlls KelliclI/a/lIs 
5 Rllbllsfru/icosl/s s. 1 .  
8 Carex aellla/lliKra 
6 Ralllll/CII/IIS repelIs 
8 Ur/ica dioica 
5 Viola 
6 Bmllllls hordeacells/seca/illlls 
6 PO/ygOIlIllIl cOIll'o/m/l/s 
8 Rlllllex aee/osella 
8 Erica /e/ralix 
7 Call1ll/O I'II/garis 

I O  Chellopodilllll a/hl/III 
8 Capsella hllr.m-pl/s(oris 
8 Poa Oll/Illa 
8 Chellopodillll/ fici{olil/III 
8 Urtica lIreIIS 

I O  S(ellaria Illedia 
6 So/alllllll lIiK/WII 
6 CI/rdlll/s crispIls 
6 SperKI//a I/rl'ellSis 
8 Ca rex ol'alis 
7 COlliwll lllaclI/allllll 
5 Rlllllex ohlllsi{olil/s 
6 Lalllilllll pllrpllrewl/ 

I O  PO/YKOIIIIIII OI'iCII/are 
1 0  SOI/CIIlIS asper 
8 SOllcllll.� o/eracells 

I O  PO(\'KIJI/I/III /I/p(l/hijo/illlll 
1 0 Sillapis arvel/sis 
6 Lalllilllll alllp/exicall/e 
9 Ralllll/CII/IIS see/era/lIs 
5 ScirplIs /ael/s(ris ssp. (ah. 
9 As/er /ripolilllll 
9 G/allx lIIari/illla 

I O  Trig/ochill lllari/illla 
I O  JIlIICIIS KerOl'di 
1 0  SperKII/aria lIIari/illla/sa/illa 
8 Pllccillellia dis/alis 
9 P/allfaKo lIIari/illla 
6 Carex dis/alis 

I O  SIlOeda mari/iII/a 
1 0  Salicomia ellropaea s.1. 

indifferent and not coded taxa (fig. 8 :S), the best 
represented dasses are pioneer plants (fig. 8 :P) and 
grassland plants (fig. 8 :R). The isolated sample HK\2098 
(No. 46) has dearly only few grassland species in  
common with the other samples, whiIe i t  shares several 
pioneer plants. In faet, the number of grassland plants 
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that are represented by all four periods is l imited.to two 
(i.c. Carex distans and Trifolium repens, while the 
number of common pioneer plants is 23, see table 8). 
Shrubs do not share 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 are the only tall herbs that are common 
for all periods, the scanty dots are however l imite? to �he 
area of the first three periods (fig. 8:0). The ordInatIon 
plots of aquatic plants (fig. 8 :M.) and se�i-aquatic 
helophytes (fig. 8:N) are rat her slmilar and dIsplay only 
a few taxa within the triangle area. The spread of 
indifferent and not coded plants for vegetation structure 
do es not fundamentally differ from the spread as far as 
moisture and nutIient availability goes (fig. 8 :H,L,S). 
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3.2.3. Characterization of samples by indic'ator 
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 concemed (Cappers, 1 994). Because 
the sum of character weights differs between the 
environmental factors, a comparison of absolute lu
values is interpretative only with respect to the same 
environmental factor. 

Values of I have been calculated for all classes (fig. 
9). Within eac

u
h period, the lu -values of each class ha�e 

been arranged separately in decreasing order. Thls 
facil itates a comparison of the lu -range of a specific 
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Fig. 9. A-D. Ind icator values l, of individual samples of Heveskesklooster. Withln each pcriod. the I,.values of each class have been arranged 
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 l inking of different lu -values on sample level. 

All four environmental characteristics show a 
considerable overlap between the four periods in the 
range oftheir lu -values. Samples that take up an isolated 
position due to extreme values of character weights are 
l imited to especiaIly halophytes and plants indicative of 
dry soils. For al most all samples, an indicator value I 
could be calculated for halophytes, but for glycophyte� 
only parti y for the first two periods of habitation (fig. 
9:A). The lu-values of halophytes for some samples 
from the first period are low, while both values of the 
last period are relatively high. Species responsibie for 
the high lu-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. Care.\" distans has been recorded for Mon
nickendam (Hogestijn, 1 989), Rockanje (Brinkkemper, 
1 993) and Valkenburg (ZH) (Pals et al . ,  1 989). Rockan je 
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, SalicOI-nia europaea s. l . ,  
which growson bare salinemud f1ats (i .c. S.procumhens) 
and on saline i nland stands ( i .c. S. europaea s.s.), is 
represented in samples of all four periods. However, 
these plants produce small se·eds 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 iuncus gerardi, which is found in both samples 
from period 4, although in HK\1 995 (No. 43) many 
unripe fruits were also found. 

The lu -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 are represented by 
indicator plants for wet and moist habitats. In many 
samples of the second period, indicator taxa indicati ve 
of both extreme moisture regimes are notably lacking. 
Although one sample of the third habitation period has 
a relat ively high I -value for aquatic conditions, most 
samples of this period lack indicator plants in this class. 
The occurrence of Veronica hederifolia is responsibie 
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. 1 990), Hazendonk (Bakels, 1 98 1 )  and 
Hekel ingen (Bakels, 1 988). 

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

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

(fig. 9:0). The lu -values forpioneervegetations increase 
i n  time and apply to most of the samples. Nevertheless, 
a part ofthe samples of the first three habitation periods 
have only a very small lu for grasslands. The number of 
samples represented by indicator plants for water 
vegetation, semi-aquatic helophytic vegetation and shrub 
and woodlands is relatively low. In the course of time 
watervegetation apparently expanded with semi-aquatic 
helophytic vegetations. 

3.2.4. Ellvironmental 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 I O. As most samples of the terp 
had apparently no correlation with the various sediment 
layers, this variable has been left aside. Only taxa with 
a small ecological range are incorporated in  the diagrams, 
and correspond with the taxa in figure 8. Theoccurrence 
of taxa is caJculated in percentages; 1 00% equals all 
taxa indicative of an environmental factor for a given 
period and location or feature type. Thus, for sal inity in  
period I .  1 00% equals both Io cat ion and feature type. 
As glycophytes and halophytes are complementary i n  
percentages, only the latter is presented. 

Apparently, the decrease of halophytes does not 
depend on the Io cat ion (fig. 1 0: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. 
Espec iaI ly plants that are i ndicat ive of brackish 
conditions orare indifferent with respect to sal inity may 
have grown periodically on the telp proper. Some of 
these were often found, sue h as Potamogeton pectinatus 
(period 1 -3), Scirpus lacustris ssp. tahernaemontani 
(period 1 -4) Phragmites austra/is (period 1 -4),  
Eleocharis pall1stris (period 1 -4) and Scilpus maritimus 
(period 1 -4), while others were found at random: Lemna 
trisltlca (period 3), Myriophyllum spicatum (period I ) , 
Rumex hydrolapathum (period I and 4) and Zamli
chellia pall1stris ssp. pedicellata (period I ). 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 ofthe 
terp may have been brought to the terp by men, as sods 
cut in the salt-marsh to heighten the telp or to be mixed 
with dung, or were parti y dispersed by wind and water. 
Samples of the slope of the felp may contain a mixture 
of natural vegetation, dumped refuse and drift l i tter 
deposited during storm surges. Accordingly, the slope 
was rich in  nutrient supply (fig. I O:F-H) and cha
racterized by pioneer vegetation (fig. 1 0:J) and in the 
later periods also by grassland plants (fig. 1 0:1). Plants 
found in  samples of the slope of the felp and may have 
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grown on drift I i tter. inc1ude: Suaeda maritima, Conium 
maculatlllll, Althaea ojficinalis, Api um graveolens , Beta 
vulgaris, Matricaria maritima, Oenanthe lachenalii, 
Sonchus arvensis, Cirsium arvense, AU'iplex littoralisl 
prostrata, Polygonum avieulare and Cochlearia 
offieinalis. Suaeda maritima grows on wet places with 
fresh drift l i tter that is main ly covered with algae. So it 
mainly grew along creeks where this kind of l itter had 
been usually deposited. Its presence in many samples, 
viz. 4 1  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, 
whetheror not covered with sand (Beeftink, 1 965). This 
drift l itter is deposited on higher alt itudes, such as the 
slopes of a terp. Characteristic species of drift l i tter 
communities such as Glaueiumjlavum, Cakile maritima, 
Honckellya peploides and AU'iplex laeiniata have so far 
not been ev idenced by subfossi l  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 ofthe felp and its slope, but 
is not represented in samples beyond the telp. None of 
the samples collected from the slope of the te/P shows 
evidence of inc1uded drift l i tter. This is no surprise, as 
the slopes of te/ps take up a relat ively large area. An 
indication of the presence of drift l itter 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. 5 1 )  and was collected from the 
mout on the terp (table 5, fig. 5) .  Another indication for 
drift l i tter is the presence ofplants that are considered to 
be originating from older deposits, such as Potamoge
tOllfiliforlllis. Of Menyanthes trifoliata and Andromeda 
pol!folia, the two plants ofHeveskesklooster that would 

qual i fy for this. the latter is only found once in a sample 
collected from the slope. The other seeds 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 northem coast of the Netherlands 
where salt-marshes adjacent to the Wadden dykes are 
present, are: Polygonum aviculare, Atriplex patulal 
prostrata, Stellaria media, Salicomia europaea, S/taeda 
maritima, SpergLilaria salina, rriglochin maritima and 
Asta tripoliwll (Cappers, 1 993). Although these plants 
were also found in samples originating from the slope, 
they do not show extreme values for this part of the 
investigated area. Forthe first habitation 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 col lected from 
beyond the terp, and not present in samples from the 
central part, amounts to five. Artemisia migaris and 
Sperf?ula anensis are the only plants that are 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 to nutrient availabil ity, 
plants seem to be predomi nantly indicative of ric h soils, 
especiaIly during the first periods of habitation (fig. 
I O: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 , AU'iplex patulalprostrata, Agrostis 
spp. , Poa pratensisltrivialis, Stella ria media, Polygonum 
aviculare, Urtica dioica, Chenopodium alhum and 
Sonchus anlensis, but they also occurred beyond the 
central part of the telp. 

Samples collected from wells are characterized by 
species indicative of low nutrient supply (fig. I O:F-H) 
and ean be attributed to species from peats and heaths: 
Andromeda polifolia, Cal/una vulgaris, Erica tetralix, 
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Ca rex pi/u/item, Eriophorum vaginalum, Rhynchospora 
a/ha, Rumex acelosel/a and Belu/a spp. These remains 
are partly charred and indicate the use of fuel (tab le 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 ( 1 984) 
mentioned that this peat layer at Heveskesklooster 
mainly consists of Phragmiles peat. Although Phrag
miles 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 ( 1 974). Peat for fue!. 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 1 598, 
it is known that the cloister was in  the possession of a 
bog nearby Slochteren, some I O  km southwest of 
Heveskesklooster (Noordhuis, 1 990). 

Like dung layers and dung pits, unused well s may 
also have been util ized to dump refuge and may explain 
its mixed species composition. The large number of 
wells suggest that the well water may often had become 
undrinkable. Knorzer ( 1 984) described som e criteria 
that serve as a device for detecting the presence of 
human faeces: I )  evenly distributed traces of food 
plants inc luding cereal bran fragments and l arge 
quantities of fragmented fruit stones and 2) fragments 
of weeds, particularly those of Agroslemma gilhago. 
Although bran fragments of Hordeum vu/gare were 
regularly found in wells, they were only small in number 
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 that unambiguously contained human faeces 
is HK\2098 (No. 46) which originated from the moat. 
This sample con tai ned many cereal bran fragments 
from both Seca/e cerea/e and Hordeum vu/gare 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, 
especiaIly waste layers/pits and surface water (fig. 
l O: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 
in period :I at the expense ofpioneer plants ( fig. 1 0: I .K). 
In addition to cereals, 25 different grassland taxa co uld 
bedemonstrated. Someofthem, viz. Poa annua, F esluea 
ruhra , Agroslis, Bromus hordeaeeus/seealinus, Elymus 
atherieus/repens, Poa pratensis/trivia/is andPhragmi les 
austra/is are present in several samples of all four 
periods, but the last mentioned species is absent i n  
period 4. Pha/aris arundinaeea was frequently found in  
samples of the first period, especiaIly 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 cattie fodder. Samples of the third habitation period 

are characterized by A/opeeurus genieulalus, Holeus 
lanatus, Lolium perenne, Danthonia deeumhens and 
Cynosurus erisIalus, although these species were found 
also in one or two samples of the preceding period. Most 
of these species may have grown on the telp, including 
the slope. It is also possibie 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 
and charring. The only other Dutch records of Danthonia 
deeumhens are reported from Rockanje, which is dated 
to the Roman Period (Brinkkemper, 1 993) and Texel, 
which is dated to the late Bronze Age and early Iron Age 
(personal communication by van Zeist). At several sites 
in England large numbers of seeds of this species have 
been found in association with crop plants, reasons for 
Hillman ( 1 98 1 ,  1 982) to draw the conclusion that D. 
decumhens was probably a crop weed in former times, 
despite its present occurrence in heaths and moorlands. 
The chance of survival ofthis tufted perennial in arable 
fieids could be supported, according Hil lman, by 
ploughing the fields by ard, which was probably replaced 
by an efficient ploughing mouldboard only in medieval 
t imes. Korber-Grohne ( 1 990) points out that D .  
deeumhens would not have survived i n  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 gi urnes. Heathland plants, 
such as Erica tetra/ix, Cal/ulla vu/garis, and Carex 
pilu/ifera only partly occur in samples in which D. 
deeumhens is present and then only in small numbers. 
It is therefore I ikely that also for Heveskesklooster this 
species, which grows on rat her well drained soils with 
low nutrient supply, should be considered as a weed, 
probably of Avelw sativa. 

Cynosurus crista tus 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, 1 990) and Groningen, dated to the eighteenth 
century (van Zeist, 1 987). Although this species is 
present in al most the same samples from which D. 
decumhens was recovered, it would have grown on 
moist soils with a moderate nutrient supply, either on 
the telp 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 terp 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 
wil l  b� 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 paluslris and Potamogetoll 
peclinatus, 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 Zanniehellia palusrris and Poramogeron 
peerinarus. The three plants may aiso 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 relp, SalieO/'nia 
europaea may have grown. 

On the higher tidal flats and the lower parts of the 
salt-marsh that were exposed to tidal movements, the 
Pucci nell ietum maritimae is represented by Puccillellia 
maririma,Asrer rripolium, Suaeda maririma, Trigloehin 
mari rima and Spergularia maritima, the latter docu
mented as S. maritimalsalina. Though somecriteria were 
set to distinguish S. maritima and S, salina as to seed 
wing, papillae and cell pattem (van Zeist, 1 974; Behre, 
1 976), its taxonomic value remains doubtful (Sterk, 
I 969a,b; Telenius & Tortensson, 1 989; Telenius, 1 992). 
For that reason no distinction was made, although the 
ab ove mentioned criteria indicate that both species are 
present in many samples. 

On the middle high salt-marsh, above mean h igh 
water, the Plantagini-Limonietum, represented by 
Plantago mari rima and Limonium vulgare, possibly 
occurred where silt had accumulated. This plant 
community may be considered as the terminal phase of 
the Puccinell ietum maritimae where the salt-marsh 
remained ungrazed (Westhoff & den Held, 1 975; Roozen 
& Westhoff, 1 985). Nevertheless, Bakker ( 1 989) found 
both plants often in grazed areas of Schiermonnikoog, 
and should perhaps be interpreted as a transitional phase 
after renewed grazing. AIso the Halimionetum portu
lacoidis, restricted to ungrazed areas and located on 
natural and well  drained levees, may have been present 
along the creeks. Nowadays, its character species 
Atriplex portulaeoides is more dominant 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 . ,  1 985). During the 
first habitation period, such tidal difference may aiso 
have existed 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 AU'iplex portlllacoidcs by 
both germination and extraction of seeds, revealed no 
seeds (Ungar & Woodell, 1 993). But its seeds were 
frequently found in  drift l itter collected from various 
areas of England (Waisel, 1 972). Apparently, seed 
production of th is species is low or may change per year. 
This makes it di fficul t to decide upon the presence of the 
Puccinell io-Spergularion salinae that is different from 
the all iances Puccinell ion maritimae and Armerion 
maritimae because of the absence of this species 
(Westhoff, 1 987) and in spite of the presence of Sper
gulw'ia maritimalsalina andPueeinel/ia distans in many 
samples. 

On the higher part ofthe 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 gerardi i .  The 
character species of these associations are Artemisia 
mari rim a and Armeria maritima respectively, though 
the latter is often also found in the Sagino maritimae
Cochlearietum danicae (Westhoff, 1 987). LikeAtriplex 
portulaeoides, Artemisia maritima has neverbeen found 
in any archaeological context in the Netherlands before, 
in contrast with the related A. vulgaris. The same is true 
for excavations of terps in the northem part ofGermany 
(Korber-Grohne, 1 967; Behre, 1 970, 1 972, 1 976, 1 986, 
1 99 I ). In recent drift l itter, Artemisia maritima was 
frequently found, though in most cases germinating and 
subjected to decay, explaining its absence in the subfossil 
record (Cappers, 1 993). On the other hand, the absence 
of A. maritil1lamay also be indicativeofintensivegrazing 
(Bakker, 1 989) and the presence of agriculturaI fieids 
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 ofbeyond the telp properthat 
are common in these associations are: iuncus gerardi, 
F estuea rubra, Glaux maritima, Leontodon autllmnalis, 
TriJolium repens, Carex distans, Potentil/a anserina 
and Agrostis. Particularly graminoids, v iz. iuneus 
gerw'di and Agrostis stololliJera, but also hemi
cryptophytic plants such as Leontodon autul1lllalis 
(Korber-Grohne, 1 992) are specific indicators for 
grazing, which, in tum, were responsibie for an increase 
in species diversity of Juncetum gerardi i  communities 
(Bakker, 1 989). From the beginning of inhabitation 
onwards, l ivestock was an important factor in the 
economy of the si te. Bones ofthe first habitation period 
that have so far been studied, are of cattle and horse 
(Prummel, 1 988). 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 ( 1 985), 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 
J uncetum gerardi i had covered large areas ol' the former 
salt-marshes (van Zeist, 1 974). Five subassociations 
were described on the basis of subfossil records of sites 
along the northem coast ofthe Netherlands and Germany 
(Korber-Grohne, 1 992). In addition to the variants that 
correspond to subassociations that are distinguished 
nowadays, viz. subass. typicum and leontodontetosum 
autumnalis, they are: I) a subassociation with much 
BroI111Is hordeaeeus and also abundant Leontodon 
aurumllalis and TriJolillm repens (Korber-Grohne, 1 967; 
Behre, 1 976), subdivided by Behre into a variant with 
Bromus hordeaeeus and one without this species, 2) a 
subassociation with much Eleocharis palustris ssp. 
llniglumis and less abundance of Leontodon autumnalis 



144 R.TJ. Cappers 

and Trifolium repens (Korber-Grohne, 1 967; van Zeist, 
1 974) and 3) an initial subassociation with Limonium 
vulgare (Behre, 1 976). 

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 
not reveal a clearclustering with theseJuncetum gerardii 
subassociations. In general, samples from the first and, 
to a lesser degree, of the second period contain a large 
number of JUl/eus 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 Juneus gerardi is still represented by 
a large number of seeds. Nonetheless, many samples 
contain several of them and a clear pattem is  lacking. 

One ofthe 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, som e of them still 
enclosed by their gi urnes. This species has only been 
reported before from a medieval house te/p in a reclaimed 
bog area near Oostzaan (van Geel et al., 1 986) and from 
a heightening deposit at Monniekendam (Hogestijn, 
1 989), both of the thirteenth century. Scirpus rufus is a 
northem Atlantic species and its distribution in the 
Netherlands is al most l imited to the Wadden district 
(Mennema et al., 1 985). It is the character species of the 
Scirpetum rufi, whieh grows in between the salt y and 
fresh environment and is found in places that are al most 
pennanently brackish, although the water may become 
fresh now and then (Ketner, 1 972). It ean stand grazing 
and may even be favoured by trampling. Owing to its 
intennediate position in the halosere, it may have grown 
in the vicinity of both halophytes, like J ul/eus gerG/'di, 
Triglochil/ maritima and Plantago maritima, and gly
cophytes such as Trigloehin palustris, Agrostis stolo
nifera and Eleocharis quinqueflora. Although Sd/pus 
rufus often occurs as mono-dominant stands, E. 
quinqueflora may have been co-dominant in the 
association (Penford, 1 989). 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 som e hundreds of fruits, some of them still 
connected to each other. It is not l ikely 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 10wer 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, thi s species is quite common i n  salt-marshes 
(both Puccinellion maritimae and Annerion maritimae) 
along the Dutch and Gennan coasts, including the 
Gennan border of the Ems (Mennema et al . ,  1 985; 

Haeupler & Schonfelder, 1 988). SubfossiI seeds of P. 
strigosa are very characteristic and were recorded for 
several s i tes along the Dutch coast :  Rockanje 
(Brinkkemper, 1 993), Monniekendam (Hogestijn,  
1 989), Den Helder/Het Torp, Tritsum and Tzummarum 
(van Zeist, 1 974) and Foudgum (van Zeist et al . ,  1 987). 
The samples in which this species was found are dated 
from the Iron Age up to late medieval times and deli vered 
only very few seeds. Correspondingly, it may still be 
possibIe that this species was present in fonner times, 
and even in sites that were thoroughly investigated. 

3.2.6. Comparison with other Dutch terps 

The botanical investigation of te/ps has a long tradition 
in the Netherlands. Even in the middle ofthe nineteenth 
century, seeds of Vicia faha var. minor and Linum 
usitatissimum were reported by Acker Stratingh in 1 849 
from the Warffum terp (see van Zeist ,  1 970).  
Public at ions of Beijerinck ( 1 928, 1 929 and 1 93 1 ), van 
Zeist ( 1 970, 1 974 and 1 988) and van Zeist et al. ( 1 987) 
increased our knowledge ofthe botanical remains ofthe 
terps i n  the coastal area ' of the Netherlands.  
Unfortunately, many samples of early excavations 
available for botanical analyses were poorly dated or 
not dated at all. Moreover , most of the botanical records 
published by Beijerinck are not presented for individual 
samples, and a detailed analysis was not possible. 

It was therefore decided to base the comparison of 
the te/ps with respect to theenvironmental characteristics 
on the occurrence of indicator taxa. With the exception 
of Oostzaan, all the selected terps are located in the 
northem part of the Netherlands (fig. I ). The data from 
Ezinge and Leeuwarden with respect to the Iron Age 
(van Zeist, 1 974) do not overlap the data from Heves
kesklooster and were lefl aside. In the even t of laeking 
periodization, samples were dated from the middle Iron 
Age to the earl y Middle Ages (table 9). In some cases, 
it was possibIe 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 fe1pS are not classified according to 
periods, the indicator value I for each environmental 
characteristic was calculated �egardless of the number 
of samples in which the indicator plants were present 
(Cappers, 1 994). An exeeption was made forthe samples 
ofHeveskesklooster, of which I was ealculated for each 
period separately and for all peuriods together (fig. I I ) .  
It should be noted that the summing up of all  indicator 
values of species of a certain period may give a shift of 
lu as it is influenced by the number of samples 
investigated. Forexample, period 3 ofHeveskesklooster 
has the maximum value lu for dry soils whieh ean be 
attributed toonesample eontaining Veronica hederifolia. 
Without this sample, its value would fluetuate between 
the values of the first two periods (see also fig. 9:B). To 
facilitate the interpretation of indicator values, the 
maximum value of! ofthe eharacteristies concemed is 

u 
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Table 9. Descriplion of lhe lerps of which bOlanicaI records are analyzed for environmcnlal characlerislics and economically impOrlanl plants. 
Heveskeskloosler is menlioned also separalely for lhe various habilalion periods. The lerps are arranged in decreasing Druer wilh respecl IO lhe 
nllmber of recorded laxa. Abbrevialions for lhe periods: lA. lron Age: RP. Roman Period: MA. Middle Ages: MT. Modem Times: c. Early: m. 
Middle: I. Lale. 

No. Terp Period From 

Heveskes�loosler 1 -4 RP-MT 50 BC 
l a  Heveskeskloosler I RP 50 BC 
I b  Heveskcsklooster 2 MA 800 AD 
I c  Heveskesklooster 3 MA 1 300 AD 
I d  Heveskcsklooster 4 MT 1 6 1 0 AD 
2 Leeuwarden MA 800 AD 
3 Ezinge eIA-IMA 600 BC 

4 Paddepoe I/Groni ngen IIA-eRP 200 BC 
5 Tritsum mIA-eRP 500 BC 
6 Sneck eRP 50 BC 
7 Foudgum MA 800 AD 
8 Den Helder/Het Torp MA 900 AD 
9 Oldehoorn IMA 1 000 AD 

I O  Tzull1marllm eMA 600 AD 
I I  Ooslzaan IMA 1 200 AD 
12  Ferwerd mIA-eMA 500 BC 
1 3  Wesleremden mIA-IMA 500 BC 
14 Rasquert mIA-IMA 500 BC 
1 5  Houtcn-Bayum mIA-eMA 500 BC 
1 6  HoogehcinlUll1 mIA-eMA 500 BC 
1 7  JelslIIn mIA-eMA 500 BC 
1 8  Ooslcrbeinlllm mIA-eMA SOO BC 
19 Midlum mIA-eMA 500 BC 
20 Arum mIA-eMA 500 BC 
2 1  Eenum mIA-IMA 500 BC 
22 Leens eMA SOO AD 
23 Dokkllll1/Berg-Sion IRP-eMA 300 AD 
24 Achlul11 mIA-eM A SOO BC 
25 Tzum mIA-eMA 500 BC 
26 Wadwerder Wierde mIA-IMA 500 BC 
27 Usquerl mIA-IMA 500 BC 

also presented in each diagram. As the differences in 
extensiveness of the botanical record s are m uch 
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 I I  reveals that Dutch terp s 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 concemed, the botanical records of the 
terps comprise species indicative of both saline and 
freshwater conditions (fig. I I  :A). Halophytes are very 
well represented in Heveskesklooster (telp I ). The only 
indicatorspecies not found was Parapholis stri/:osa. The 
increase of lu in period 2 and 3 of Heveskesklooster can 
be attributed to the presence of Cochlearia offic;nalis. 
Leeuwarden (terp 2) differs from other terps by its high 
lu for glycophytes, which can be explained by the in land 
location along the former Middelzee, a sea arm that had 
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be embanked only in the eleventh century, and the 
import of plants from the sandy hinterland (van Zeist et 
al. ,  1 987; van Zeist, 1 988). Oostzaan (telp I I ) yielded 
many plants and is characterized by a high value of 
glycophytes, and the indicator value of halophytes is 
relati vel y low. This te!p is date d 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. ,  1 986). 

Only Heveskesklooster and Leeuwarden have a high 
lu for dry soil conditions (fig. 1 1  :B). For Heves
keskloosterthese values increase for the two last periods. 
Like Leeuwarden, the increase of indicator taxa for dry 
soils relates partly to imported plants in connection with 
cereals. Remarkably, terps with a high lu for the other 
extreme moisture condition, viz. aquatic habitats, are 
located in the northeastem part ofthe Netherlands, with 
the exception of Oostzaan. They are Heveskesklooster 
(terp I ), Paddepoel/Groningen (terp 4), Westeremden 
(terp 1 3) and Rasquert (te!p 1 4). The Eenum te!p (No. 
2 1 ) , 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 larg� number of 
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Fig. I I . A-D. Indicator values ', of lerps in the norlhem part of the Nelherlands. The laps are arranged in decreasing order with respecl lo Ihe tOlal 
number of laxa (solid l ine) that are mentioned for the site. On the X-axis the maximum value of I (= T) for each characteristic is  also presented. 
The ', ofHeveskcsklooster is calculated for all samples togelher(= I jas well as foreach periodseparat� ly (= I a-d). The numbersofthe lerps correspond 
with those of lallle 9. 

water plants, viz. Heveskesklooster and Paddepoel/ 
Groningen, and parti y 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. 1 1  :C). Both 
fe1pS 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 
show n 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 pattem of indicator 
values for poor and moderate nu trient supply. Some 
tetps are characterized by a gradual increase in nutrient 
availability, viz. Tritsum (terp 5) and Foudgum (terp 7), 

while others have high indicator values for both rich and 
low nutrient supply, viz. Oostzaan. 

The i ndicator values of Heveskesklooster for grass
land and pioneer vegetation do not differ much with 
each ofthe four periods (fig. I I  :D). Although shrub and 
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 tetps 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 
ofsemi-aquatic helophytic vegetations are also indicative 
of aquatic habitats, thus repeating the pattem of figure 
I I :B.  Submerged waterplants, such as Potamogeton 
spp. are rare, while other genera such as CeratophyllulI1 
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spp. and Myriophyllllm spp. are completely absent, 
except for Heveskesklooster. 

3.3. Economically important plants 

3.3. 1 .  Agricll/tllr�" p/oms 

Bulk deposits of agricultural plants that are known from 
many sites located in the Pleistocene district have not 
been found in the felpS in the coastal area. Nevertheless, 
the excellent conditions for both waterlogging and 
charring in te,ps have yielded many plant remains of 
agricultural plants. They are mostly deposits ofthreshing 
remains in refuge layers or pits, and human faeces 
possibly concentrated in cesspits. As stated before, 
cesspits could not bedemonstrated 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 (Horde lim vlI/gare) and 
i s  represented in a l l  fou r  habitat ion periods i n  
considerable numbers o f  waterlogged and charred 
remains (table I O). 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 comp1ete 
and partly enc10sed 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 d igestive 
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 Triticwn 
ae sti l'1I1fl (Schel et al., 1 980). The occurrence ofthreshing 
remains in samples of the te/P indicate that Hordewl1 
vu/gare was cultivated locally and that the harvest was 
processed on the te,p proper. at Ieast part ly. 

The only charred grain of naked barley (HordelIm 
vlIlgare ssp. vlIlgare) was found in sample HK\1 638 
(No. 34) and was collected from a well. In the same 
sample charred remains ofhulled barley and oats (A l'ena 
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 som e grains of hulled barley, 
are: Vlaardingen (van Zeist, 1 970), Aartswoud (Pals, 
1 984) and Zijpe/Keinsemerbrug (Anonymous, 1 987). 
Records from the Netherlands of naked barley dating to 
periods after the Bronze Age, are also rare: Colmschate 
(early Iron Age; Buurman, 1 986), Ede-Veldhuizen 

Table I O. Agricul tural plants of Heveskesklooster per period. Numbers are represented as a range (see table 2) .  Abbreviations: WI. Waterlogged: 
Ch. Charred; G. Grains: T. Rachis segments or top of pedicels: S. Seed: F. Fruit. 

Per. I Per. 2 Per. 3 Per. 4 
WI Ch WI Ch WI Ch WI Ch 
G T G T G T G T G T G T G T G T 

HordelIllI IIlt/gare 
ssp. l'/II/iare (hul led) 4 6 4 4 8 7 6 6 6 8 S 6 5 2 
ssp. I'/llgare (naked) 
ssp. dis/il'ltlllll 7 2 
ssp. l'/Ilg./dis/. 8 9 

A l'ella 
A .fallla 4 6 2 4 
A. sa/il'a 7 2 
A . /allla/sa/illa 3 2 8 4 

Sent/e cereale 6 
Tri/iclIIII aes/il'lllll var. COlllp. 
Palliclllll llliliacelllll 4 

Per. I Per. 2 Per. 3 Per. 4 
WI Ch WI Ch WI Ch WI Ch 
S F S F S F S F S F S F S F S F 

Lil/lll/l llS;/a/;.U;III111ll 5 S 5 7 I 
Call1elilla .m/;\'(/ 6 6 2 3 
\i;ciafaha var. 1II;lIor 2 4 7 2 2 
Brass;ca rapa 4 2 8 4 
Call1lah;s sa/;\'(/ 4 S 4 
Fagapyrulll escllll'lIllll11 3 
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(Roman Period; van Zeist, [ 976) and Gasse[te (Midd[e 
Ages; van Zeist, [ 979). Only in Colmschate a reasonable 
amount of grains of naked barley was found in a corn
stack, together with Trificum dicoccum, whereas the 
other sites yielded only a few grains. 

In two samples dated to the third period, viz. HK\2332 
(No. 49) and HK\335 l (No. 56), both hulled six-row 
barley (Hordel/m )lu/gare) and two-row barley (Hm'deum 
vu/gare ssp. disfichum) were found. The latter could be 
identified by their small rachis segments. In sample 
HK\335 1 ,  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 ofboth six-row and 
two-row barley were found (van Zeist, 1 970, 1 990). 

Oats (Avena sp.) is anothercereal frequently found in 
samples of Heveskesklooster, though mainly restricted 
to the third habitation period. In addit ion 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.fafl/a ) and cultivated oats (A . sati\'a) cou[d 
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 fieid. 
Wild oats, which has a short l ife cycle from spring until 
l ate s ummer, had probably grown together w i th 
cultivated oats and summer barley. I n  the two samples 
that yielded relatively large amounts of remains of A.  
fatua, v iz. HK\2283 (No. 47) and HK\2332 (No. 49), 
also A sativa and H. vu/gare are well represented. On 
the other hand, in  sample HK\335 1 (No. 56) charred 
remains of Afatua were only found toget her with those 
of H. vulgare. All subfossi l  records of the Netherlands 
on wild oats are accompanied at least w ith records on 
barley. Some sites also provided cultivated oats, but its 
l imited identification distort the representativeness of 
cultivated oats. 

One single charred grain of Trificum aesfivum var. 
compacfum was found in sample HK\2379 (No. 50). 
Two other cereals, viz. rye (Seca/e cerea/e) and 
broomcom millet (Panicum mi/iaceum), were found in  
sample HK\2098 (No. 46) of the  las t  period. In  
comparison with barley, oats and wheat, rye makes no 
high demands upon its environment and ean withstand 
even low temperatures. Its absence in subfossil records 
from sites in marsh areas along rivers and coast as 
mentioned by Behre ( 1 992), may be explained by the 
poar drainage of these areas in former t imes, causi ng the 
soil to freeze up, to which rye is sensit ive (de Smet, 
1 96 1 ) . 

The occurrenceof seeds of Berteroa in cana in sample 

HK\2098 indicates that this sample is of recent date. I n  
the Netherlands, this species was first collected in  1 835 
and was spread over a large area. Though most weed 
species of this sample are also documented for the 
provinee of Groningen in  herbaria and written sources 
and correspond to the last period of habitation, it is 
striking that man y ofthem were not found in  samples of 
older periods and have become rare in this area in recent 
t imes (Wasscher, 1 94 1 ;  Mennema et al. ,  1 985; van der 
Meijden et al . ,  1 989). They represent both members of 
the Chenopodietea, e.g. Sefaria pumi/a and Chry
santhemum segefum, and of the Secali etea, 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 for sites 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 
responsibie for preventing a successful invasion of 
these weeds into the agricultural fields. The temparary 
expansion capacity of weeds is illustrated by A . jafua, 
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 
introduetion of herbicides resulted in  a decline of its 
spread during the seventies (van der Meijden et al., 
1 989). 

In this respect, two other exotic weeds should be 
mentioned: Nes/ia paniculata and Bup/eurum rafun
di/otium, also originating from sample HK\2098. Con
trary to Berteraa incana, which is moreor less naturalized 
in the Netherlands, these species are considered to be 
adventitious and are represented by the archaeobotanical 
record from the Middle Ages onwards. B. ratundi/otium 
is mentioned for Dorestad (eighth-ninth century; van 
Zeist, 1 990), Leeuwarden (tenth century; van Zeist et 
al . ,  1 987) and the Oldeboom terp (eleventh-twelfth 
century; van Zeist, 1 988).N. paniculafa is recorded from 
Groningen (c. 1 650; van Zeist, 1 987), Bourtange (c. 
1 650- 1 730; van Zeist, 1 993), Kampen (c. 1 475- 1 575; 
Vermeeren, 1 990) and from a shipwreck in the Wadden 
Sea that participated i n  the B altic graintrade (sixteenth
seventeenth century; Manders, 1 993). Except for Dor
estad, all these sites are located in the northem part of 
the Netherlands. Both weeds are members of the 
Caucalidion lappulae and characteristic for cereal fieids 
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 usifafissimum), gold-of
pleasu�e (Came/ina safiva), celtic bean (Viciafaba var. 
minar), tumip (Brassica rapa), hemp (Cannabis safiva) 
and buckwheat (Fagopyrum escu/entum) (table I O). 
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 
cuItivation of flax disappears in favour of tumip, 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 l inseed fieids 
as a weed, but Was also cultivated for its oleaginous 
seeds from the Bronze Age until the Middle Ages. As 
from that period, the presence of gold-of-pleasure in  the 
botanical records decreased, which was a common 
phenomenon throughout Europe (Korber-Grohne, 
1 988). The original weedy status of gold-of-pleasure 
and the development of crop mimicry resuIting in 
resembling growth habit, branching pattem, flowering 
time and fruit  characteristics of flax, had probably 
res ul ted in the cultivation of these species in the same 
fieids when flax was cultivated for its seeds. In most 
samples with both flax and gold-of-pleasure, the number 
of plant remains of both spec ies display s imilar 
fluctuations. The one sample in which gold-of-pleasure 
is present in the absence offlax, v iz. HK\0820 (No. 1 4), 
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 epi/inum, a weed typical for l inseed 
fieids now being extinct in the Netherlands for al m ost 
sixty years. 

Although seeds of the celtic bean (Vicia faba var. 
mino/') 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 
for preservation, reducing its chance of recovery. Despite 
their protection against herbivores by several toxic 
factors (Janzen, 1 98 1 )  and the widespread possession 
of a seed coat impermeable to water, which promotes 
the formation of legurne seed banks (Rice, 1 989), 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 parti y fragmented, suggesting 
that they were mainly debris of crop processing. 

Tumip (Brassica rapa) is frequently present in 
samples of the last three periods. The status oftumip as 
a cultivated crop in former t imes is somewhat obscure 
(Willerding, 1 986; Zohary & Hopf, 1 988; Korber
Grohne, 1 988). It is documented that tumip is present in 
the Netherlands from the Bronze Age onwards. AIso 
from terp s in the coastal area, inhibited from the hun 
Age onwards, this species is frequently recorded. 
Although the number of seeds in the samples of the 
te!ps is low, van Zeist ( 1 974) assumes that in this area 
tumip was cultivated. In other parts of the Netherlands, 
too, the number of seed s is scarce and only for a few 
sites the probabi l ity of gathering orcultivation oftumip 
is suggested (Kuijper, 1 986; Pals, 1 988b; Brinkkemper, 
1 99 1 ) . Tumip is cuItivated for its storage organs, leaves 
and seeds. But only the oil-seed forms are detected in an 

archaeological context, as demonstrated by Schlichther
le ( 1 98 1 ), who found a stock of oilseeds consisti ng of a 
mixture of tumip and DesCllrainia sophia. In contrast 
with animal fats. the oil of tumip is liquid due to its 
unsaturated fatty acids and is therefore suitable as salad 
oil, raw material for making soap and for buming in oil 
lamps (Bieleman, 1 992). It should be emphasized that 
this species was probabl y present as a weed in agricul tural 
land or grown on ruderal habitats, l ike other Cruciferae 
which were found together with tumip, viz. Si/lapis 
arvensis, Raphal/lIs raphanistrum and Brassica /liw·a. 
For Heveskesklooster, the numberof seed s in all samples 
but one do not exceed one hundred specimens. Sample 
HK\2283 (No. 47) shows a peak with almost 300 seeds, 
and ten times as much when converted to the standard 
volume of 3 l i tres. It should be realized, however, that 
tumip may produce 1 ,000-23,000 seeds per plant 
(Korsrno, 1 954; Katiyar & Malik, 1 988) and that i t  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, i t  is l ikely that it 
did occur as a wild plant species. 

Ten samples, spread over period 2-4, yie1ded seeds 
of hemp (Cannabis sativa). Like flax, this species may 
have been cuIt ivated for its seeds and fibres. Varieties 
that yield appreciable quantities of drugs are grown in 
hot climates (Zohary & Hopf, 1 988). As a fibre and oil 
crop, hemp needs sufficient warmth toa and avoids 
moist soils. The seeds may have been imported or 
originate from plants that may have been cult ivated 
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 vamish (Reinders, 1 893). 
Most Dutch subfossil records of hemp are dated to late 
and post-medieval times. Records of older date, origi
nate from Uitgeest (first-second century AD; Pals, 
1 988a), Leeuwarden (from tenth century onwards; van 
Zeist et al., 1 987) and Amsterdam (from thirteenth 
century onwards; Paap, 1 983). 

The last crop plant to be mentioned is buckwheat 
(Fagopyrum esclI/entum). This species was introduced 
into Europe in the late Middle Ages. This crop is 
sensitive to low temperatures and mainly cuIt ivated on 
sandy soils and in peat bogs where ditches were dug to 
lower the water level and where the upper part was bumt 
to ashes. The first written accounts for its cultivation in 
the Netherlands are for Zutphen ( 1 390 AD) and 
Blaarthem near Eindhoven ( 1 39 1 AD). This corresponds 
well with an increase of the pollen records from the 
fifteenth century onwards (Bieleman, 1 992; Leenders, 
1 987). Obviously, the ol des t record based on subfossil 
seeds originates from Dommelen, located ab out ten 
ki lometres south ofEindhoven, but is dated to about the 
seventh century AD and indicates incidental cuItivation 
in this area (Pals, 1 988b). 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 rec1aimed from cut-over peat south-west of 
Heveskesklooster. During the eighteenth and nineteenth 
centuries buckwheat, providing high yields on pOOl' 
soils, was especially cultivated during periods in which 
prices of cereals and potatoes increased, thus taking 
advantage of a need for cheap food (Sl icher van Bath, 
1 987). 

3 .3.2. Other ecollomically importmlf plants 

Many plants found in samples ofHeveskeskloostermay 
have been util ized by man in several ways. Determining 
the number of species that comes into consideration is, 
however, somewhat arbitrary. Plants with a potential 
for util ization may have grown on the terp or in the near 
surroundings without any serious application. This 
applies probably for species likeBeta vulgaris, Samhucus 
nigra, Salicomia europaea, Apium f?raveolens, Pasti
Ila ca sativa, Daueus earota and Chelidonium majus. 
Although some of them were cultivated in the course of 
time, i t  is plausible that the plant remains of Heves
kesklooster were deri ved from wild specimens. Plant 
remains may aiso have been transported to the te/P by 
other agents than man, as is i l lustrated by the analysis of 
drift l i tter material (Cappers, 1 993). Particularly low 
frequencies of economically important plants ensure by 
no means util ization by man and the plant remains may 
have been transported from remote areas and deposited 
on the terp during storm surges. Cesspits containing 
plant remains of edi ble plants indicate unmistakably the 
usage by man, but this could not be demonstrated for 
Heveskesklooster. 

A compilation of non-agricultural plants with 
(potential) economic value is presented in  table I I . This 
survey shows that the number ofthese plants increase in  
time. The only species present during the first habitation 
period, are brambles (Ruhusjruticosus andR. idaeus) and 
Isatis tinetoria. Although the latter is represented by 
frui t  remains in many samples dated to the first period, 
it is absent in samples of later periods. In contrast with 
otherdye plants sue h asAnthemis tinetoria, the pigment 
of I. tinetoria becomes available only afterfermentation, 
followed by reduction and oxidation. Nevertheless, 
written sources point out its use in early historicai times, 
while archaeobotanical evidence even dates back to 
prehistoric times (Korber-Grohne, 1 988). The presence 
of I. tinetoria in Heveskesk100ster is the first archaeo
botanical record for the Netherlands and also the first 
location beyond its present distribution in the fluviatile 
district (Mennema et al . ,  1 985). Also in Germany is its 
distribution mainly restricted to the drainage basin of 
the Rhine (Haeupler & Schonfelder, 1 988), while the 
few locations in Niedersachsen may be considered as a 
relic of its cultivation. The disjunct location of the feJp 
with respect to the distribution of the species and the 
numberofsamples that yielded plant remains, though in  

Tahle I I . Economically imporlant. and for tile most part non
agricultllral pla/lls ol' Heveskesklooster per period. NlImbers are 
represented as a range (see table 2). 

Edible frllits 
Rl/hl/sji'l//icosl/s s . 1 .  
RI/lilis idacl/s 
Prr lilliS cerasl/s 
PrrlIllis dOllles/ica ssp. illSi/i/ia 
MalI/s syl\'('s/ris 
Fragaria \'esca 
Riln's lIigl'//lII 
Vaccillilllll sp. 
Ficl/s carim 
Vi/is \'illiJera 

Period 
I 2 

4 
2 

2 

Condiments. vegetahles and medicinal plants 
Cichoril/II/ ill/)'hl/s 
Pc/roselilllllll ('/'i.l'1'1/1II 
Foellicl//I/II/ \'I/Igare 
Alle/hl/II/ gral'e"h'l/S 
RI/III gm\'('()lells 
HI/lilI/II/s 11/1'1/111.1' 
COriWldl'//lI/ .I'a/i\'l11l/ 
POfJ{/\'er SOlllllij" 1'//1I/ 
Aji'oll/oll/I/II/ II/l'icgl/e/a 
/\/1'111'0 hel/o-t/olllla 
Hyoscyall///s lIiga 

Dyes 
Isa/is /illclOria 
Ali/heil/is /illc/orio 

4 

3 

5 
3 

2 
2 

6 
4 

4 

4 

4 

2 
4 
6 
4 
6 
4 
6 
6 
8 
5 

3 
4 
2 
2 
2 

I 
6 
4 
2 
5 

' 1  

small number, makes i t  l ikely that the plant was indeed 
cultivated on the terp. 

The number of economically important, non
agricultural plants of the second habitation period is 
l imited, just l ike the agricultural plants. Only a few 
seeds of Rubusfruticosus 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 northem part ofthe Netherlands, such 
as Humulus lupulus in Iron Age settlement remains of 
Noordbarge (van Zeist, 1 983), Hyoscyamus niger in 
Neoli thic Aartswoud (Pals, 1 984), Malus sylvestris in 
both Neolithic Aartswoud (Pals, 1 984) and Swifterbant 
(van Zeist & Palfenier-Vegter, 1 983) and Prullus 
domestica in samples of Ittersumerbroek dated to the 
late Bronze Age and earl y Iron Age (Vermeeren, 1 99 1 ). 
On the contrary, plants found in Heveskesklooster 
imported in the Netherlands from the Roman period 
onwards, have so far not been recorded from sites north 
of the Dutch-Roman frontier dated to this period, 
although there is evidence for trade contacts with sites 
in the Netherlands at a relatively great distance from the 
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Roman frontier (Pals et aL, 1 989), 
Despite its remote location, samples of Heveskes

klooster yielded some rare species, In addition to Isatis 
tinctol'ia aiready mentioned, they are: Rihes /ligrum, 
Cichol'ium int\'hus, A tropa hel/a-do/lna, Anthcl1/is 
tinctol'ia and Afiwnomum !/1c!cgueta, As far as they 
were found in other Dutch sites, these species are 
recorded mostly from late Middle Ages and Modem 
Times (van den Brink, 1 985, 1 988; van den Brink & de 
Groot, 1 984; Buurman, 1 989; van Dongen, 1 987; 
Kuijper, 1 986; Paap, 1 983; Vermeeren, 1 990; van Zeist, 
1 992a,b; van Zeist et aL, 1 987), Of special interest is A,  
me/egl/eta, a memberofthe Zingiberaceae that originates 
from the coastal area of West Tropicai Africa and, af ter 
its introduction in South America, is cultivated in  
Surinam and Guyana, The seed co a t  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, 1 970), Several 
common names are known for the seeds, among them 
'grains of paradise' because of its high value and the 
unknown country it was imported from, and ' Melegueta 
pepper' referring to the sharp taste ofthe seeds, The first 
known reference to the plant dates from 1 2 14 AD, while 
written sources dated to 1 358 and 1 87 1  reveal that seeds 
were transported to the Netherlands (van Harten, 1 970). 
Archaeobotanical evidence of A. me/egl/eta is scarce, 
and may partly be due to problems with identifying il. 
In Germany, the species is mentioned for three sites: 
Kiel (sixteenth century), LUbeck (sixteenth century and 
later) and Gottingen (sixteenth century) (Wietholt & 
Schulz, 1 99 1 ), A same numberofrecords ofthis 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,  
me/egl/eta stresses the importance of the site, not only 
because of the presence of a cloister which had a 
representative function for guests (Noordhuis, 1 990), 
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 medicai properties), 
Si/yhum marianum, Nigel/a arvensis and Aqui/egia sp, 
These plants were found in sample HK\2098 (No, 46) 
only and are of recent date. 

3,3,3,  El'idence 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 animais that were raised, 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 t ime are 
dated to 1 495, 1 540, 1 555, 1 598 and 1 6 1 0, thus 
concerning the last ph ase of the third habitation period, 
The data obtained from these reports are taken from 
Noordhuis ( 1 990) and de Crevelt ( 1 540), 

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 l iving, 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, 1 990), The large 
landownership enabled the monastic order to use the 
valg to bui Id a church and layout a churchyard, The 
spread ofthe fieIds and grassland, especiaIly southwest 
ofHeveskesklooster insofar has been documented, 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, 1 975, 1 977; Sl icher van 
Bath, 1 987), 

The land was used both as grassland and as agricuItural 
land and included some bogs nearby Slochteren, The 
l ivestock comprised cattie, horses, pigs and sheep, The 
investment in four cereals is mentioned in a report of 
1 540: Barley ( index-figure: 1 5), oats (index-figure: 
1 5), rye (index-figure: 7,5) and wheat ( index-figure: I ) , 
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 fieids 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 i rregularly 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 a sample dated to the third period and remains of rye 
were found only in samples ofthe 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 thresh ing remains and 
accompanying weeds, and are recovered mainly in 
feature types l ike 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 disas ter 
happened in 1 583 in Heveskesklooster when soldiers, 
dissatisfied with their payment, plundered the cloister 
and set the buildings to fire, some of which stot'ed with 
hay and grains (Noordhuis, 1 990), It is possibie that 
sample HK\2392 (No, 5 1 ), 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 
subfoss i l  record and written sources as to the 
consumption of cereals may aIso 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, 1 979). 
Summarizing, one could say that the find of a limited 
number of grains do not merely indicate admixtures of 
other nops. Crop rotation may result in admixtures, but 
also implies that the contaminant crop was cuItivated in 
aItemate years. To exclude this possibility for the site 
concemed, a thorough sampling strategy must be carried 
out. 

lt 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 was meant for personal 
use. Oats and barley were cultivated for stock-feeding 
and beer brewing. Although oats are most ly cultivated 
as forage crops for animaIs, i t  is also used in porridge 
and for brewing beer. Reinders ( 1 893) ment ions that in 
the province ofGroningen a strain of oats was cuItivated 
especiaIly for beer. The find of seeds from Humtdus 
lupullls fits in quite well with the brewing of beer. 
Although both H. IIIpIIIIIS and Myrica gale are indige
nous species and are recorded on the basis of subfossil 
macro-remains since the Neolithic (Raven & Kuijper, 
1 98 1 ;  van der Wiel, 1 982; Gotje, 1 993), the former is 
only replaced by the latter in brewing in the Netherlands 
during the late Middle Ages (Slicher van Bath, 1 987). 
When cultivated for brewing purposes, H. lupulus is 
preferably grown in the absence of male specimens, 
thus preventing seed production which, in tum, is 
favourable for the production of lupulin glands on the 
bracteoles of the female cones. According to Behre 
( 1 984), however, this practice was only introduced in  
Modem Times, so  that the find ofseeds may be  indicative 
of the use of H. IIIPlIllIs in brewing. The report drawn up 
in 1 540 gives that H. lUPIlIlIS was bought for brewing 
purposes by the cIoister ofthe Johanniters in Wijtwerd, 
some 30 kilometres northwest of Heveskesklooster, 
while for Heveskesklooster itself i t  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. puhescens could be 
demonstrated for the first and third period, while B. 
pendlIla was present in a sample of the last period. 
Although both fru its and bracts may have been 
transported by wind and waterandBetula is not common 
in the clay district (Weeda et al. ,  1 985; van der Meijden 
et al . ,  1 989), i t  is possibie that they grew on the terp as 

from the first habitation period to protect the terp 
dwellers from severe winds. From the second period 
onwards, remains of Samhucus nigra, Salix viminalis 
and QuerclIs sp. are found too. Considering ecological 
demands and present distribution (van der Meijden et 
al . .  1 9R9). it is reasonuble to assume that S. I/igra and S. 
viminalis grew on the telp. Although Q. rohur is not very 
common in the cIay district, the presence of bud scales 
and twigs do es not rule out the possibil ity that this tree 
once grew on the te/p. It is also possibIe that twigs were 
imported for making brooms or that the remains were 
depositedon the terp by water. The 1 540 reportmentions 
that wood was bought. though it  was meant for properties 
in Goldhoom. Additionally, Prullus domestica ssp. 
insititia is present in samples ofthe third and last period 
and may have been cultivated for its fruits. 

Unf0l1unately, the reports do not present the names 
of species that were cuItivated 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 taps 

The agricultural plants documented of the taps in the 
northem pm1 of the Netherlands on the basis of 
archaeobotanical data are summarized in table 1 2. The 
taps are arranged in decreasing order as to the number 
oftaxa recorded for each period, in which a low number 
corresponds with a high number of taxa (com pare table 
9 and fig. I I ) .  In principle, the same felpS and periods 
are analyzed as those selected for the analysis of the 
environmental characterist ics. Two telps, viz. Oos
terbeintum (terp 1 8) and DokkumlBerg-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 (telp 24), Tzum (terp 25), Wadwerder 
Wierde (telp 26) and Usquert (te lp 27). 

The main cereal cultivated by the telp dwellers is 
Hordeum vulgare. Apart from the possibIe confusion 
with the wild speciesA .jatua,A.  satil'a is only mentioned 
fora limited numberofsites. It remains doubtful whether 
A. sariva was cultivated by Dutch telp dwellers in pre
medieval times. A.  sativa as well asA.fatua are frequently 
recorded only from the Middle Ages onwards for 
settlements along the German part of the coastal area 
(Korber-Grohne. 1 967; Behre, 1 970, 1 972, 1 976, 1 986, 
199 1 ;  Kucan, 1 979). Because oats are mostly found as 
charred grains only, whereas other cereals were 
frequently recovered also by their waterlogged fru it 
envelope� and threshing remains, Behre ( 1 99 1 )  points 
out that evidence for oats may not be representative and 
assumes that A. satil'a was cultivated in the coastal area 
also in  the Roman Period. This assumption, however, 
does not fit in with the use of oats for ani mal nutrition. 
Seeds of oats fed to a cow remained partly undamaged 
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Table 1 2 .  Agricul tllral pianis recorded from Ihe DlIlch rerps. The numbers o f  Ihe rerps and abbrevialions o f  Ihe periods correspond wilh those of 
lable 9. 

Species Periods and terps 
IA·RP RP RP·MA MA 
4 5 6 23 2 8 9 IO 
PG Tr Sn DB Le Fo OH Ol Tm 

H/mlel/III vl/lgare 
(h lll led) x x x x x x x 

A \'('JW sa/il'(,1 '? x 
Semle cereall' x 
Triricl/lII dicoc{'//III x 
Triricl/lII aesri\"lllll x 
PUllicl/lll l11iliacl'1/1II x 

Lilll/lII l/sirari.�.\-illll/lII x x x x 
Call1elilla sarim x x x x 
Vicia faha (var. IIIiIIar) x x 
Bmssica mpa' x x x x x 
Call1lahis sarim x 
PiSlIllI sarivl/lII x 
Sillapis alha x 
Laul/ca saril'a x 

I Idenlificalions IO Ihe level of genera are marked wilh "! ' .  
, Taxa Ihal incJlIdc B.  naplIs are marked wi lh  "! ' .  

in  the digestive system (Neef & Bottema, 1 99 1 ). More
over, when dung is collected and used as fuel, this may 
be considered an important source of charred seed 
assemblages (Bottema, 1 984). Although restricted to 
the second and third habitation period, many samples 
from Heveskesklooster yielded waterlogged fru i t  
envelopes, chaff and tops of  pedicels (see fig. 1 5 .8) of 
wild and cultivated oats. Especially in terps, it is assumed 
that those remains will have had a good chance to 
become preserved, but may have been over100ked. 
Other cereals are only rarely mentioned, not even for 
sites with many taxa. 

erop plants other than cereals recorded for many 
terps, are: Linum usitatissimum, Camelina sativa, Vicia 
laha var. minor and Brassica rapa. Each of those plants 
is represented in both the Roman Period and Middle 
Ages. Together with the cereals and l ivestock, they will 
have provided the telp dwellers with sufficient amounts 
of carbohydrate, protein and oil .  Vegetables that were 
cultivated for their roots, stems and leaves are almost 
not represented by seeds in the archaeobotanical record. 
An exception is 1ettuce (Laetuea sativa) from Leeu
warden dated to the fifteenth century (van Zeist et al., 
1987). Even when not cultivated, the environmenr of 
the te/ps supplied several plants that were probably 
gathered for nutritional purposes. A detailed discussion 
on this subject is given by van Zeist ( 1 974). 

Non-agricultural plants that are economically 
important are very well represented in  Leeuwarden and 
are both indigenous plants, such as Humlllus lUPlIllIS, 
Hyoseyamus niger and Vaccinillm myrtil/us, and exotic 
plants, such as Vitis vini/era and Ficus carica. From the 
other taps, especiaIly fruits from trees are recorded: 

I I  

Oz 

x 

x 

x 

IA-MA 
22 
LI 

x 

-

x 

-

3 12 1 3  14 1 5  16 17 18  19 20 2 1  24 25 26 27 
Ez Fe We Ra HB Ho le Ob Mi Ar Ee Ac Tz Ww Us 

x x x x x x x x x x x -

'? x -

x x x x x 
x 

x x x - x -

x 

Corylus avelIana (Ezinge, Ferwerd and Rasquert), 
IlIglans regia (Oldeboom), MallIs sylvestris (OIde
boom), Pynts eommllnis (Oldeboom) and PrllnllS 
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 terps. On the other hand, samples of He
veskesklooster dated to the third period proved to be 
very rich in other economically important plants and its 
richness is eq ual to the Leeuwarden terp onl y .  However, 
it should be stressed that this discrepancy may be partI y 
the resuIt of the rough periodization, camouflaging the 
differences in age, and the unbalanced number of taxa 
that have been recorded for the telps, which, in tum, is 
partly correlated with the volume of the samples that 
was investigated. Nevertheless, the botanical richness 
of Heveskesklooster underlines the status of the terp 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 com prises the 
upper part of the basal peat (BP) and the clay layers 
belonging to Dunkerque I (DI-B 1 a,c) and Dunkerque 1 1  
(Dll), intercalated by aPhragmites/Scirpus horizon (DI
B 1 b) and two vegetation horizons (VH- I ,2), and the 
lower part ofthe terp belonging to the second habitation 
period (fig. 1 2) .  The first habitation period coincides 
with the Phragmites/Scirplls horizon, the clay layer 
(DI-B I c) and the vegetation horizon I ;  the second 
habitation period starts with the formation ofvegetation 
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Fig. 1 2. Pollen diagram of Heveskesklooster. 
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horizon 2. The diagram is discussed with respect to this 
I ithology. 

The basal peat layer is dominated by Sphagnum and 
Ericaceae, including Calluna. Schoute ( 1 984), 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, 1 984). 
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. 

The change of peat layerto clay layers is characterized 
by : I )  the strong decrease of the Ericaceae, 2) a strong, 
temporarily increase of the pollen percentage of 
Gramineae, C O/yfllsl Myrica-type and spores of Sphag
num, and 3) the more permanent increase of D,yopteris
type, Quereus robur-type, Pimls, Chenopodiaceae, Cy
peraceae and Gramineae. 

The temporary i ncrease of the Gram i neae is preceded 
by high CO/yfuslMyriea-type value. Probably most of 
the CoryfuslMyrica-type is Myriea gafe which may have 
grown along draining gullies in the peat. The increase in 
the rate of sea level rise resulted in a gradually silt ing up 
of the environment and finally the washing over of the 
peat by the sea. In this transition phase, particularly 
Phragmites austrafis may have expanded on the mud 
flats, resulting in vast reed marshes. It is remarkable that 
the Dryopteris-type curve becomes dominant as from 
that phase, though it altemates to some extent with the 
curves of the grasses. I t  is l ikely that this is Thefypteris 
pafustris as its leaf fragments were ofte n found in 
samples of the first and second habitation periods. In 
other terps too, macro-remains of th is  fem could be 
demonstrated in association with reed (e.g. Korber
Grohne, 1 967: Behre, 1 976), suggesting that the 
Thelypterido-Phragmitetum was widespread along the 
North Sea coast in former t imes. 

Analysis of macro-remains revealed that only a 
l imited numberoftrees may have grown on the terp, viz. 
Quereus, Safix viminafis, Betufa pendufa, B. pubeseens 
and Sambueus 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 grown in the vicinity, l ikeAfl1us and Fraxinus 
exeefsior. Pollen from trees 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 Grami neae comprises both t he 
expansion of halophytes, I ike SafieO/'nia europaea, 
Suaeda maritima, Carex distans and Puceineffia spp.,  
and of glycophytes. Halophytes of other famil ies are 
also represented by pollen. viz. Spergllfaria-type , 
Pfantago maririma. ArmerialLimonium, and G fllllX , 

though their percentages remain scattered and low. 
They all have their counterparts in the record of macro
remains, and particularly Spergufaria maritima, S. safina 
and Pfantago maritima were often found. 

The PhragmiteslSei,pus horizon is characterized by 
four taxa. Firstly, the Phragmites curve increases, 
followed by a short predominance of Chenopodiaceae 
and Senecio-type, while the upper part in thi s horizon is 
dominated by Cyperaceae. The macrobotanical analysis 
of soil samples taken from the same profile, done by van 
Klinken ( 1 986), provides les s information about the 
species level of these taxa. An increase in Seirpus 
maritimus was demonstrated only in the upper part of 
the horizon. AlthoughAster tripofium may be responsibIe 
for the increase of the Senecio-type, as postulated by 
van Klinken, the present study shows that this species is 
by no means restricted to a l imited 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 that at leastPhragmites austrafis,Poa annua 
and Poa pratensisltril'iafis 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, i t  
is not possibie to  establish which species were actually 
expanding during these phases. 

Twoobligate indicators ofhuman activity are Cerealia 
andPfantago faneeofara. Theanalysis ofmacro-remains 
has revealed that during the first two periods Hordeum 
vufgare and AVe/Ja sativa were cultivated. Pfantago 
faneeo/afa, on the other hand, has only been recovered 
from samples belonging to the third and fourth habitation 
periods. In general, this species is relatively rare in the 
archaeobotanical record, and it is l ikely that i t  is 
underrepresented in palynological research. The pollen 
record of Pfantago fanceo/ata is mainly synchronized 
with the second habitation period, while the pollen 
record of Cereal ia is present in many sections of the 
pollen diagram. Insofarthese sections do not correspond 
with the occupation of Heveskesklooster, the pollen 
originated possibly from remote fieids that were not hit  
by floodings. 

Taxaofvascularplantsdemonstrated by non-arboreal 
pollen but are missing at all taxonomic level s ofbotanical 
macro-remains are: Ca/ystegia, Fifipendufa and Spar
ganium-type. Species considered for the 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. IDENTIFICA TION REMARKS 

Both archaeobotanical l i terature and monographs on 
seed and fruit  morphology provide a rich source of 
drawings and descriptions. Therefore. i t  was not felt as 
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a necessity to pay attention to d iaspores 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. 1 3 : l )  
Several samples yielded leaf fragments of this species. 
The entire margin ofthe segments is obviously inrolled. 
The lateral veins are mostly branched nearby the midrib 
and usually also halfway the segment. Little hairs 
scattered over the underside were also still present. 

Salicaceae 
Salix viminafis (fig. 1 3 :2A,B) 
(3.3-)4.2( -5. 1 )x( 1 .0-) 1 .4(- 1 .  7) mm (N= 1 6; s.d. 0.44 
and 0.27); fruits. 
Both leafand fruit fragments were found of S. vimina/is. 
S. vimina/is is 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. Fru i ts of Salix spp. are very much alike 
(Tomlinson, 1 985) 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 vu/garis (fig. 1 3 :3)  
In some samples parts of the fru it  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 frui t  
walI is thick and spongy, making the fruit  suitable for 
long distance dispersal by water. Fruits ofthe reference 
collection showed no differences between fruits of wild 
species and cultivated ones. 

Chenopodillm hyhridum (fig. 1 3 :4) 
1 .9 mm in diameter (N= l )  
The discus shaped seed is characterized by a protruding 
reticulate cell structure. The celIs have thick cell walIs 
radiating from the centre. On one side, there is a furrow 
from the centre to the edge between the radic1e and the 
cotyledons. 

Caryophyllaceae 
Saponaria ojjlcinafis (fig. 1 3 :5) 
1 .9-2.4x 1 .7-2.4 mm (N=3) 
S hape, s i ze and s urface s tructure prov i de an 
unmistakable combination of features for this species. 
Elongated plates are arranged in concentric rows. 

Ceratophy llaceae 
Ceratophyl/lIm dcmersum (fig. 1 3 :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. The basal stalk was still  
present in one specimen. The presence of spines 
differentiates this species from C. suhmersum. The fruit  
walI is al  most 0.4 mm thick and is clearly distinguishable 
from the inner seed coat. 

Ranunculaceae 
Nigel/a arvens is (fig. 1 3 :7) 
One slightly damaged seed was identified 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 d isappeared, 
the large isodiametric epidermal celIs became visible. 

Aqui/egia sp. (fig. 1 3 :8) 
2 .8x 1 .6 mm (N= I )  
One seed was found i n  HK\2098 (No. 46) that 
unmistakably could be determined as Aqui/egia, 
although its identification to the level of species remained 
uncertain. The black seed has a distinct keel, which 
becomes broader near the base. The opposite s ide is 
rounded and bordered by two distinct lateral ridges and 
in between these two ridges a weakly developed pattem 
of ridges is visible. These ridges, however, are lacking 
inA.  vu/garis, 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. 1 3 :9) 
(0.9-) 1 .0(- 1 .3)x(0.5-)0.6( -0.7) mm (N= l l ;  S.d. 0. 1 0  
and 0.05) 
The seeds are more or less kidney shaped, the radicle 
often bend. The reticulate pattem differs from other 
Papaver spp. by its elongated cells, arranged in a few 
rows. 

Cruciferae 
Isatis tinctoria (fig. 1 4: l )  
Parts ofthe fru it  were found in several samples. Like the 
remnants found in the Feddersen Wierde (Kbrber
Grohne, 1 967), they are the central part of the fruit and 
were identi fied by their spongy structure, the absence of 
a silicula and the coarse reticulate pattem on the eroded 
outsides. No seeds were found. 

Berteroa incana (fig. 1 4:2) 
( 1 .6-) 1 . 8( -2.2)x( 1 . 1 -) 1 .5(- 1 .7) mm (N=22; S.d . :  0. 1 6  
and 0. 1 5) 
The seeds have an irregular shape, varying from al most 
round to elI iptic; in some specimens the basal notch is 
pointed. The black surface is covered with small papilIate 
celIs, 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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delller.HlIIl: 7. Nigel/a arl'el/sis; 8. Aqlli/egia sp.; 9. Papa l'er argelllol/e. 

Lepidium campesfre (fig. 1 4:3) 
2.6-2.7x 1 .5- 1 .8 mm (N=3) 
The ovate seeds have a large radicle, the top of which is 
nearly as Ion g as the cotyledons. The surface is covered 
with many fine papillae. 

Raphal1lls raphanisfrum (fig. 1 6) 
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. 
Nevertl)eless, they are larger than the more uniform 
seeds of S. G/W'nsis. As subfossil beaks of fruits of S. 
arvensis lost their upper part in most cases and as they 
contain at leas t one seed, they resemble at first sight the 
siliqua portions of R. raphanisfrllm, which may lead to 
the misunderstanding that seeds of both species are 
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1 3. C/lSC/lW epi/il1/1l11; 1 4. B/lglossoides arvelISis: 1 5. Echi/llll v/I/gare; 1 6. SYlllphylll1ll officillale. 

equal. See for a comprehensive discussion van Zeist et 
al .  ( 1 987) .  Moreover, the epiderma1 cel ls of R .  
raphanisfl'lllll are more distinct and e10ngated and the 
lumina is clearly visible at a magnification of 4Sx. 

Saxifragaceae 
Ribes nigl'lll1l (fig. 1 4:4) 
( 1 .9-)2.4( -3.5 )X( 1 .0- ) 1 .4( - 1 .8)  mm (N=78: s.d. 0.32 
and 0.2 1 )  
Most seed s were tlattened, which increased its width. 
Remains of the fruit  were still partly attached to the 
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seed, and som e seeds contained their endosperm. Most 
seeds were damaged as a result of passing through the 
intestinal cana! .  Seeds of this species are smaller than 
seeds of R. ruhrum 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 graveo/ells (fig. 1 4:S) 
( 1 .9-)2.4( -2.9)x(0.9-) 1 .2( - I .S)  mm (N=4, s.d. O.S I and 
0.42) 
The dorsal side is strongly bent, while the ventral side 
is either bent or straight. A double ventral ridge encloses 
the hilum and is somewhat widened at one end. The 
dorsal surfaee is bordered by single ridges. The surfaee 
is covered with an irregular pattern of warts. 

Malvaceae 
Ma/va neg/eeta (fig. 1 4:6) 
2.3-2.Sx2.2 mm (N=2) 
The frui t  remains were still attached to the seeds and 
have a distinct reticulated pattern which is more coarse 
than that of M. ale·ea, but lacks the raised ridges 
characteristic for M. sy/vestris. The dorsal part of the 
fruit of M. moschata is covered with hairs. 
Haloragaceae 

Myriopl1yllu11l spieatum (fig. 1 4:7) 
2.2-2.3xO.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 
surfaee but to a lesser degree. The ventral ridge is rather 
distinct due to the concave sides. 

Myriophyllum vcrtieil!atum (fig. 1 4:8) 
2.0-2.3x 1 . 1 - 1 .2 mm (N=2) 
Compared to 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. 

Umbell iferae 
Oenanthe /achena/ii (fig. 1 4:9) 
All fruits of this species missed one or both of the 
characteristic broad lateral ribs. They then bear 
resemblance to fruits of D. carola forsize and shape, but 
lack the typical spines. Specimens that lack 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 thi s species. 

Bup/eurum rotulldifo/ium (fig. 1 4: I O) 
(3. 1 -)3.3( -3.S)x( I .S-) 1 .7( - 1 .9) mm (N=8; s.d. :  0. 1 9  and 
0. 1 4) 
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. 

Bup/eun/m telluissilllum (fig. 14 :  I I ) 
2.2x l .6 mm (N= I )  
Although the fruit is relatively short. it is rather curved. 
The cross-section of the fruit is broadly ovate in outline. 
There are five prominent ribs and the areas in between 
are covered with large warts. 

Ericaeeae 
Andromeda po/ifo/ia (fig. 1 4: 1 2) 
1 . l - 1 .2xO.8-0.9 mm (N=2) 
The small. broadly elliptic to ovate seeds are somewhat 
f1attened 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 
Cuseuta epilinum (fig. 1 4: 1 3) 
( 1 .6-) 1 .8(- 1 .9)x( I .3-) I .S(- 1 .7 )  mm (N=S; s.d. :  0. 1 1  and 
O. I S) 
Seeds of C. epi/inum are elliptic to circular in shape, 
ofte n with some dents. They are larger than seeds of C. 
epithymum (max . 0.9 mm) and smaller than C. 
/upu/iformis (min. 2.S mm), the latter also distinguished 
by its irregular shape. Seeds of C. europaea are just as 
large, but differ in the height of the epidermal cells and 
the obviousness ofthe hilum. In seeds ofC. epi/inum, 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 areaofthe seeds is less conspicuous 
than in C. europaea. 

Boraginaceae 
Buglossoides arvensis (fig. 1 4: 1 4) 
2.7x 1 .7 mm (N= I )  
Sample HK\2098 (No. 46) yields many seeds of B. 
arvensis, al l  fragmented but  one. The fruitwall is thiek, 
white and irregular papilIate with the exception of the 
smooth basal part that is connected to the gynobasis. 
The thin brown seed eoat is still present at the inner sides 
of the fragments, resulting in a eharacteristie eolourful 
contrast. The complete fruit is unmistakably recognized 
for its shape. 

Echium vulgare (fig. 1 4: 1 S) 
2.7x 1 .8 mm (N= I )  
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 eonneeted to the 
gynobasis is  larger and surrounded by a prominent 
ridge. Moreover, the surfaee is dark eoloured and warts 
are smal!. 
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Symphytum officinale (fig. 1 4: 1 6) 
4.6x2.6 mm 
Seeds of this species are not eas ily confused with other 
members oftheBoraginaceae. The hilum almost covers 
hal f ofthe length ofthe 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. 1 5 :  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. 1 5 :2) 
( 1 .7-)2.0(2.4)x( I .2-) 1 .4( - 1 .7) mm (N= 1 6; s.d. 0. 1 8  and 
0. 1 4) 
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. 1 5 :3)  
1 .9x 1 .5 mm (N= l )  
Subfossil seeds of A .  bella-donna and Hyoscyamus niger 
resemble each other more than recent seeds. Due to 
corrosion, the cell pattem of the seed coat becomes 
more pregnant in A. bella-donna. In contrast with H. 
niger, this cell structure is more regular and less elevated. 
Besides, seeds of A. bella-donna are slightly larger and 
the hilum is more protruding. 

Valerianaceae 
ValerianelIa dentata (fig. 1 5 :4) 
( 1 .9-)2.4( -2.6)x( 1 . 1 -) 1 .4( - 1 .6) mm (N= 1 6; S.d. 0.22 
and 0. 1 5) 
The surface of the ovate fruits is covered with small 
papillae. The isodiametric epidermal cells of the seed 
coat are irregular 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. 1 5 :5) 
Besides complete fruits, also the inner parts of fruits 
were recovered. The shape and colour of these eroded 
fruits are much l ike the shape and colour of grasses such 
as Elymus and Bromus. The absence of a distinct hilum, 
however, is a good diagnostic feature. AIso the cell 
structure differs from these grasses: all over the surface, 
the rectangular cells are very regular in shape. 

Leontodon saxatilis (fig. 1 5 :6) 
Central fruits :  (2.5-)3 .4(-4.8)x(0.5-)0.7(- 1 .0) mm 
(N=87; S.d. 0.44 and O. I O).  Marginal fruits: (2.5-)3.2(-
3.8)x(0.8-) 1 .0(- 1 .4) mm (N=36; S.d. 0.43 and 0. 1 7).  
This species has dimorphic achenes: central en marginal 
fruits are dissimilar, being an adaptation to different 
types of dispersal . The broad, curved marginal achenes 
have no pappus and are enclosed by the bracts. Reversely, 
the slender central achenes are short-beaked and do 
posses a pappus, although these were only parti y 
preserved in subfossil specimens. The marginal achenes 
differ clearly from other Leontodon spp. The central 
achenes of L. saxatilis are ofte n confused with those of 
L. autl/mnalis. Although there is some overlap in length, 
the fruits of the latter species are on average longer: 
(3.5-)5.0( -p.9)x(0.6-)0.7( - 1 .2) mm (N=25; s.d. 0.75 
and 0.0 I )  and originate from the of sample HK\335 l 
(No. 56) from which also fruits of L. saxatilis were 
measured. Moreover, central fruits of L. saxatilis have 
more ribs on each side, viz. 5-6, and slightly spindle
shaped (see van Zeist et al., 1 986: fig. 6. 1 1 ). 

Gramineae 
Cynosurus crista tus (fig. 1 5 :7) 
( 1 .7-) 1 .8(-2. I )x(0.6-)0.7(-0.9) mm (N=22; S.d. 0. 1 2  
and 0. 1 0) 
Fruits of C. cristatl/s were preserved by both water
logging and charring. Charred fruits are still enclosed 
by their gi urnes that are covered with many little papilla. 
Waterlogged fruits are very delicate. Remnants of gi urnes 
are only present at the base, but the characteristic 
imprint of the two edges of the paie as proved to be a 
diagnostic feature. The ell iptic hilum is only contrasted 
by its dark outline. Thecell structure is badly preserved. 

Avenajatua (fig. 1 5 :8) 
Subfossil fruits of both A . fatl/a and A.  satil'a can only 
be distinguished from one another when the basal part 
of the lemma is present (Korber-Grohne, 1 967). Fruits 
of Avena that are preserved by waterlogging, are 
characterized by: I )  very fragile en vel op es, 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 
in different orientations, as described by Korber-Grohne 
( 1 964). Although some samples yielded considerable 
amounts of fruits still enclosed by their gi urnes, 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 oftheir glumes. Afatua has a tongue-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. I S. I .  Hyssopus officil/a/is; 2. Sa!l'ia verticillata; 3. Atropa bella·dol/a; 4. Va/erillllellll dell/Clta; S. BideI/s tripartita; 6. Leol/todol/ saxati/is; 
7. CYIIOSUrtlS cristal/ls; 8. Avel/a/al/la; 9. Pha/aris anllldil/acea; IO .  Dal/thol/ia deculIlbem; I I .  Scirpus rufus; 1 2 .  RhYl/cho.l'l'ora alba; 1 3. E/eocharis 
quil/qucj1ora; 14 .  Aji'{//lIolllulIl llle/eRlleta. 

Phalaris arundinacea (fig. 1 5 :9) 
( 1 .3-) 1 .6( - 1 .9)x(0.8�) 1 .0( - 1 . 1 )  mm (N=30; s.d. 0. 1 7  
and 0. 1 8); length without style base. 
Because there is no simultaneous development of the 
fruits, they are quite variable in size. Moreover, some 

fruits are completely white, probably the result of a 
fungal infection. The fruits are characterized by their 
long, laterally positioned hilum and the stout style 
which was intact in many cases. Many fruits were still 
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. 

Danthol1ia decumhens (fig. 1 5 : 1 0) 
(2.0-)2.4( -3. I )x( 1 . 1 -) 1 .3 ( - 1 .7) mm (N=22; s.d. 0,2 1 
and 0. 1 5) 
With the exception of a few specimens. most of the 
fruits of D. dcculIlhens are preserved by waterlogging 
and about half of the fruits still possess their gI urnes. 
Both gI urnes and fruits have unique features, making 
their identification easy. Besides fruit  shape and size, 
the ventral palea is swollen at the base while the frui t  
itself is characterized by an  elongated and paIe coloured 
hilum contrasting with the dark brown ceJls in the other 
part ofthe fru it. The hilum is variable in len gt h and may 
reach the upper half of the fruit (0.5-)0.8( - 1 .2) mm 
(N=22, s.d. 0. 1 7). 

Cyperaceae 
Scirpus rufus (fig. 1 5 : 1 1 )  
(4.9-)5.3( -5. 7)x( 1 .7-) 1 .9(-2. 1 )  mm (N=7; s.d. 0.33 and 
0. 1 2) 
The relatively large plano-convex fruits have a truncate 
base and a tapering style, which is still present in most 
specimens. Both style and frui t  wall have a spongy 
structure. The surfaee is black and rather glossy, while 
the reticulate cell structure is poorly visible. 

Rhynchospora alha (fig. 1 5 : 1 2) 
1 .6- 1 .4 mm (N= I )  
One frui t  was found i n  sample HK\1 638 (No. 34). 
Although thi s species bears c10se resemblance to R. 
fusca, i t  ean be identified on the basis of both the 
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Fig. 1 6. Size o f  seeds o f  R. rap/la

liis/rim/ and S. an'ellsis. Seeds of R. 
raphallis/rum originate from fruit 
segments of samples HK\2332 ( No. 
49: N= 1 8) and HK\D079 (No. I :  N=7). 
SeedsofS. w1'ellsisoriginate from beak 
fragments of sample HK\2332 ( No. 
49: N=336). 

number of perianth-bristles, viz. I l  (R. alha: 9- 1 3  and 
R.fusca 4-6). and the downwards pointed hairs on these 
bristles (R. alha: basal part upwards, upperpart glabrous 
or pointed downwards; R. fusca: all hairs pointed 
upwards) (Reichgelt, 1 956). 

Eleocharis quinquef/ora (fig. 1 5 : 1 3) 
( 1 .7-)2 .0(-2.5)x( 1 . 1 -) 1 .3(- 1 .6) mm without stigma 
(N=30; s.d. 0. 1 9  and 0. 1 1 )  
A typical feature of seeds from E. quil1quef/ora i s  the 
combination ofthe 3-angledcross-section and thecentral 
ceJls of each surfaee 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 al most equal in size, but all cells are 
isodiametric. Frequently, parts of the stigma, bristles 
and bracts are still attached to the seeds. 

Carex extensa 
( I .  7- )2.0( -2.4 )x( 1 .2-) 1 .3 ( - 1 .6) mm (N= 1 2; s.d. 0. 1 2  
and 0. 1 3) 
Both utric1es and fruits were found in samples of 
Heveskesklooster. The fruits differ from the fruits of C. 
distans by the size of the epidermal ceJls, which are 
much smaller in C. extensa but visible at a magnification 
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. 1 5 : 1 4) 
(3 .4-)3.7( -4. 1 )x(2.9- )3.3( -3.8) mm (N=9: s.d. :  0.24 and 
0.�9). 
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At first sight, seeds of A. melegueta resemble the seeds 
of Agrostemma gi thago and 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 i rregular 
warts, which at a high magni tude (45 X) shows a fine 
striate pattern. 

Two samples yielded seeds from this species:  
HK\O082 (No. 2) and HK\2098 (No. 46). In the latter, 
seeds were partly fragmented. Owing to the characteristic 
surface, they could still eas ily be identified. 
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