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KRYSTYNA WASYLIKOWA

PLANT REMAINS FROM EARLY AND LATE MEDIEVAL TIME FO TUXND
ON THE WAWEIT HILL IN CRACOW

Szezatki roslinne z wezesnego i pdinego Sredniowiccza znalezione na Wzgdrzn
Wawelskim w Krakowie

ABSTRACT. Plant remains (macrofossils and sporomorphs) from culture layers dating back
to the time from the 9-—10th to 15th century A. D. were studied. 340 taxa were identificd
and 273 of them were classified according to phytosociological criteria. On this basis, plaut
communities were described which might have existed on the Wawel Hill and in the sur-
roundings at that time. Changes in the species composition of plants found in different archaeol-
ogical layers were interpreted as a result of changing type or intensity of human activity
carried on in this part of the Hill. Possible fluctuations of water level in the sztu]d valley woere
digcussed.
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INTRODUCTION

Studies on medieval flora and vegetation of Cracow were initiated in the
carly thirties by W. Szafer, who, in 1931, found a rich and stratigraphically

differentiated flora in an excavation situated in the Main Market Square. He
1%



116

confined himself to preliminary identifications and never completed that work.
Extensive archacological studies undertaken after the second world war stimulated
the development of botanical investigation of plant remains from different
prehistoric periods. Several papers were published presenting lists of plants
from archaeological excavations situated in the center of the old town and in the
area which is now the quarter Nowa Huta. The Wawel Hill was also included
in these studies. The first information about plants found in the culture layers
of the Wawel was published by Burchardéwna (1953) on the basis of identi-
fications by K. Moldenhawer. In following years the papers of Gizbert
(1960), Gizbert and Zaki (1954) and Klichowska (1955, 1956, 1964) appeared.
The most complete list of plants identified from the Wawel, published by Kli-
chowska (1964), included 19 species of cultivated and 21 of wild plants.

The present studies of plant remains from the Wawel Hill began in 1955.
The late Professor Szafer, former Director of the Institute of Botany of the
Polish Academy of Seciences, who initiated this research and enthusiastically
advocated it, considered that there were good prospects for the reconstruction
of the former vegetation of the Hill using palaeobotanical methods. Research
was also encouraged by Doc. Dr. A. Zaki the then leader of the Archaeological
Laboratory on the Wawel. Besides the present author, Doc. Dr. M. Reyma-
noéwna took part in this studies, dealing with wood determination and the late
Professor B. Szafran identified mosses. In the first stage, the research was
concentrated on field work and was limited to collecting samples for various
examinations. Some preliminary identifications of macrofossils were also per-
formed. After a long break the study was taken up again in 1972 with the
cooperation of Dr. W. Koperowa, who did pollen analysis. In the last ycars
Professor K. Karczmarz has carried out the examination of moss samples.
The present paper is based on the author’s own stygdies on subfossil fruits and
seeds and it includes the results of pollen and wood analyses.

In the early sixtieth similar investigations were undertaken in the Main
Market Square of Cracow by A. Wieserowa and arec now completed. Both
papers supplement each other in many respects. Most of plant identifications
from both sites were confronted and discussed by both authors and descriptions
are given only in one of the papers, unless there were special reasons for repeating
them. With these two studies completed and supplemented by the moss identi-
fications, the medieval flora of Cracow, numbering over 400 taxa, is among the
best known town floras of the Middle Ages.

LOCATION OF THE WAWEL HILL AND PRIMARY VEGETATION
OF ITS SURROUNDINGS

The morphology and hydrology of the territory of Cracow has been the subject
of many studies, and attempts to reconstruct the ocarly environment were
undertaken as early as the 19th century. A critical review of the opinions of
various authors was presented recently by Radwanski (1975) who was con-
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cerned mostly with the central part of the town, north from the Wawel. The
basic information about the topography of the Hill itself was given by Jamka
(1963). Only data having direct bearing on the subject discussed in the present
paper will be briefly summarized here.

The Wawel Hill, situated in the center of the present-day town, rises to
about 25 m above the surrounding terrain. It is built of Jurassic lime-stone
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Tig. 1. Situation of the Wawel Hill and the distribution of natural habitats and complexes
of natural plant communities (ace. to Kornas & Medwecka-Korna$ 1974, slightly changed).
1 — complex of riverside forests, 2 — complex of oak-hornbeam forests, 3 — complex of
xerothermic brushwoods, 4 — complex of beech forests, 5 — complex of oak-pine forests,
6 — complex of pine forests, W — Wawel Hill
Ryc. 1. Polozenie Wzgérza Wawelskiego na tle pierwotnego zréznicowania siedlisk i zbiorowisk
roflinnych (wg Kornasia & Medweckiej-Korna$ 1974, nieco zmienione). 1 — kompleks
tegow, 2 — kompleks gradéw, 3 — kompleks cieptych zarofli, 4 — kompleks buezyn, 56 — kom-
pleks boréw mieszanych, 6 — kompleks boréw sosnowych, W — Wzgbrze Wawelskie
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overlain by a thick cover of culture layers. The present-day configuration of the
top surface is artificial, and was formed chiefly by leveling in the 19th century
(Jamka 1963). The reconstruction of the original topography at the time of the
carliest medieval settlement is hampered by changes caused by the successive
building and rebuilding which took place on the Hill. We may suppose that it
reflected to some degree the relief of the bed-rock with elevations of a few meters
and depressions in the form of small ravines cut in the rocky slopes. Recon-
structions presented by various authors differ in details (sce Jamka 1963,
p. 149, Fig. 77, Radwanski 1975, p. 47, Fig. 18), but the general picture is as
follows. ‘

The culmination of the Hill is situated in its north-east part, which has
a more diversified bed-rock topography then the remaining part. The maximum
elevation of the rock is 22900 m a.s.]l. In the south-west part the rock forms
an almost flat surface rising slightly above 220 m a.s.l. and sloping to the south
and west to about 215 m a.s.]. near the present day fortifications (Jamka
1963).

The Hill dominated the Vistula and Rudawa valleys and was surrounded
by lowlands from the north-west, west, and south (Fig. 1). To the north-east
it bordered on the area of the middle terrace clevated above the lowlands and
occupied by other fortified settlements. The reconstruction of habitats for the
time about 1000 A.D. (Kornag & Medwecka-Korna§ 1974) shows that
lowlands were covered with riverside forests (Salici-Populetum end Circeo-
Alnetum ), wet alderwoods (Carici elongatae- Alnetum ), and wet oak-hornbeam
forests (Tilio-Carpinetum stachyetosum ). Eutrophic aquatic communities and
reedswamps developed in slowly-flowing waters of the winding river and‘in
numerous old river beds. The destruction of lowland forests led to the spread of
various communities of wet meadows and pastures. The dominating community
of the natural vegetation of the middle terrace was oak-hornbeam forest (Tilio-
carpinetum typicum, T.-C. caricetosum pilosae, T.-C. stachyetosum ). As early s
in the carly Middle Ages large parts of these forests must have been cleared
for developing settlements and for fields and pastures. The natural habitats
of oak-hornbeam forests may also have existed on the top of the Wawel Hill,
but only single trees would have survived when permanent settlement began.
By analogy to the other limestone hills in the area, we may suppose that seuth
facing slopes offered suitables conditions for the development of xerothermic
brush-wood and grassland (Korna$ & Medwecka-Korna§ 1974).

HUMAN SETTLEMENT

The topography of the Hill and its location on the bank of a big river created
favourable conditions for human habitation. Archaeological findings of various
age (palacolithic, neolithie, of Lusatian, Pomeranian, and Przeworsk cultures,
Jamka 1963) prove that the Hill was inhabited many times from the earliest
periods of human prehistory. Permanent uninterrupted settlement dates back
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Tig. 3. Map of the Wawel Hill showing division into regions. Places where samples for botanical

studies were collected: , 1 — large-area excavation, 2—4 — other excavations, 5 — regions

Ryc. 3. Plan Wzgérza Wawelskiego z podzialem na rejony. Miejsca zebrania préb do badan
botanieznych: 1 — wykop szerokoprzestrzenny, 2—4 — pozostale wykopy, 5 — rejony

at least to the 9—10th century A.D. In the early Middle Ages the territory of
the Hill was divided into two parts. The north-east part, where pre-Romanesque
and Romanesque stone buildings were concentrated, was probably a seat of lay
and ecclesiastical authorities. The west and south-west part was jnhabited by
knights, the lower orders of clergy, craftsmen, and other people working for the
court. Wooden houses predominated in this part (Zaki 1956). Between the 9th
and 13th century the whole top area was probably surrounded by one system
of fortifications (Fig. 2!; Radwanski 1975).

Botanical material, with the exception of a few samples from regions VIB, VB
and XII, comes from the south-west part of the Hill, from region X (Fig. 3).
Here, calcareous rock falling south is covered in places by a layer of sterile
decomposed rock or with sand containing neolithic implements on a secondary

*Tig. 2 is under the cover.
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bed and Late-Lusatian pottery. This is overlain by culture layers about 9 m thick
approximately half of which accumulated during the early medieval time. Early
medieval layers contain the remnants of a rampart, built of stone, timber, and
earth and the traces of 2 to 8 levels of wooden construetions. Wooden houses
were discovered on a surface about 4 to 8 m wide and 80 m long. They were
arranged parallel to the rampart along its inner side, and probably covered a still
larger area. The layers contained large nmumbers of potsherds, some other
archaeological relics, large numbers of animal bones, fish scales and abundant
plant material. The age of these layers was from the 9—10th to the second half
of the 13th century A.D. In one excavation a settlement layer older than the
rampart was found (Zaki 1956).

DATING AND DESCRIPTION OF ARCHAEOLOGICAL LAYERS

Dating of layers is based on pottery. In1975, Dr. S. Koziel of the Archaeol-
ogical Laboratory of the Wawel was kind enough to check the dating for the
purpose of this study. No more exact data on the character of the examined
layers were available as the elaboration of archaeological material is not yet
completed.

The Early Medieval Period is here taken to be the time from about 550 to
1257 A.D., the date of the granting of the foundation charter (“locatio civitatis”),
the Late Medieval Period from this date to the end of Middle Ages in 1492.
Region X, large-area excavation:
layer ITb — débris from the destruction of early Gothic rampart with possible

younger modifications and inclusions. Age: from the beginning of the 14th

century to an unknown later time (perhaps even to the 19th century)

layer VIa — blackish-brown humic earth without manure, contains remnants
of timber constructions (house no. 1). Age: middle and second half of the
13th century

layer VIb — blackish humic earth with timber constructions. Age: 12th and
perhaps 12/13th century

layer VIe—d — bands of burnt material and unburnt clay, other traces of
destruction (fire?), at the bottom remnants of timber constructions (house
no. 2). Age: 11—12th century

layer VIe — brown earth with manure, often strong smelling manure. A number
of minor layers (VIe,—VIe,) were distinguished, some of them occurring
only loeally. Remnants of timber constructions (house no. 3). Age: 11—12th
century ‘

layer VIe, — blackish-brown earth with manure, remnants of timber con-
structions. Age: 10—11th century

layer VIf — grayish-black, fairly loose earth, no manure, no construction
levels. Age: 9—10th century _

layer VIg — reddish-brown, very compact earth with manure, no construction
levels. Age: 9—10th century
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layer VIi — loamy earth. Age: 9—10th eentury
layer VIj — similar to VIg. Age: 9—10th century (it may be as old as the
8th century)

METHODS
Sampling

Samples used for the present study come from regions X, VIB, VB, and XIIL
of the Wawel Hill (Fig. 3). The most abundant material was collected in the
large-arca excavation of region X. From this region a total number of 47 soil

Table 1
Tabela 1

List of samples from the large-area excavation iz region X or %he Wascl Hill used for detailed
qualitative and quantitative studies
Wykaz préb z wykopu szerokoprzesirzennego w rejonie X na Wzgdrzu Wawalskim wykorzystanrych do szcze-

gbétowe] analizy jakoSciowej i iloscilowej

\

2 . Nos. of Depth
i Location on the plan samples Glebokosc Layer Remarks
B Lokalizac ja na planie Numery Warstwa Uwagi
£ £ préb cm
& B
I are K, section 10 3a 4T77-483 VIe~d ) .
£ 487-493 YIc-d } combined in the diagrams
3¢ 495-505 VIe-d
-3d 510-515 VIc-d/Vie
3e ©20-530 Vte In plant 1ty tables divided
n plant commun: able
21a-21e 530-670 pit 1 in gpper (21a-21d middle (21e-544)
54a-54h and lower (54e-5ah} parts
IiI are K, section 11/12 17z 470-480 VIe-d
17w 500-510 Vie
22b 540-550 Viey
45¢ | 560-570 vif
45j 590-600 Vig
450 630-640 Vig
450% 640-644 vii 9-10th cent.
15/i30ssn | 347652 VIomd t
- : - c-d to
456/26-46/1 470-650 VI{4VIi pollen profile
IIX are L, section 13 51a 533-543 VIeg
. 51h 600-610 Vig
v are L, section 14 52a 530-540 Viey-
v are L, section 15 . 19a% 270-280 IIv ca. 14th cent. and younger
19uX 330-340 IIb "
19q% 370-380 Via half and 2nd half of 13th cent.
19p 380-390 VIa "
19m 410-420 VIb
VI are L, section 5 50a 480-490 VIb/VIe-d
50b 490-500 Vic-d
504 510-520 Vie
501 560-570 VI,
50k 580-590 Vif
501% 590-600 VIf 9-10th cent.
50m 600-610 vii
VvII are K, section 4 9u 475-485 VIb/Vie-4
) ! oy £85-495 VIb/VIe-d } combined in the diagrams.
g; égg:??g 3%3:% } combined in the diagrams
9x 515-523 Vie
XVII | are L, section 7/8 56 - VIieq
XVIII| are K, section 12 18 520-530 Vie basket of lime bark
x

Samples left out in the diagrams because of too small a number of specimens. The dating is given
only for these samples. Age of other samples can be read from the diagrams.

Prdéby pominiete w diagramach ze wzgledu na zbyt mala liczbe ckazdéw, Tylko dla tych prdéb podano

- datowanie, wiek pozostalych prdéb moina znaleid na wykresach.
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samples, 36 samples of fruit-stones and nuts, 44 samples of wood and charcoal,
and 16 pollen samples were studied in detail (Tables 1 and 32). In addition,
48 s0il samples (here called supplementary samples) were checked only for
dominating cereals and for new or interesting taxa. The following samples from
-other regions were subjected to detailed analyses: 2 soil samples and 7 samples
of fruit-stones from region VIB, 2 soil samples from region VB, and 4 soil
samples from region XII (Table 2).

Most of the samples were collected by archaeologists, but all samples from
region X used in tables and diagrams (with the exception of samples from

Table 2
Tabela 2
List of samples from the regions VB, VIB, and XII on the Wawel Hill used for detailed qualitative and
quantitative studies
Wykaz préb z rejonéw VB, VIB i XII na Wzgérzu Wawelskim uZytych do szczegolowych badan iloSciowych
i jakosciowych

s Sample .
nurber | Iayer Position on the plan and inventory number Depth Century 4.D. By
Numer Warsiwa | Lokalizacja na planie i numer inzntarza Gzgbokosé Wiek n.e. :Tmrts
préby om wag
7/70 b Rogion VIB -
3_53%1/57 » are 579, large-area excavation t190 xv s0il sample
8/70 " gggigg/\sf%,‘gm 579, large~area excavation 200~220 " " "
11/70 Va Reglon VIB, are 612B, B41352/59 180-190 " fruit-stones
12/70 " " " , B-1350a 165-170 " " "
13/70 " " ", B-1354/59 210-220 " " "
114/70 v * © ", B-1358/59 190-220 " » "
15/70 " A ", B-1353b/59 | 200-210 " " "
{16/70 o " * , B-1357/59 220-230 o w oo
Y17/70 " " " , B-1351/59 170-180 n " "
1/70% - Reglon VB, excaw, 4, P-27 kotownia - XIv soil sample
6/70° - " u , P-28 kotktownia - " " "
2/70% VIa Raglon XII, exoav. 2/70, Dziedziniec 382 X1 " "
Batorego, B/1
3/70% Vib Reglor XII, excav. 2/70, Dsziedziniec 400 " " "
Batorego B/2
4/70 VIa Region XII, excav. 2/70, Dziedziniec 418 " L
Batorego, B/3
5/70 Vie Region XII, excav. 2/70, Dzi
Ba%orego, },3/4 /70, Dziedzinieo 440 X " .
X o

Samples left out in tables and diagrams bacause of too small a number of specimens

Préby pominigte w tabelach 1 wykresach ze wzgledu na Zbyt matg liczbe okazdw

house 3 and from the basket), as well as samples for pollen analysis were taken
by the author. For macroscopic studies a series of samples were collected from
theprofiles of the large-area excavation at 13 fixed points (Fig. 4, points I—XIIT).
At ecach point samples were taken approximately every 10 em. Their volume
was about 200 —400 em?. Only a part of all samples was analysed. They were
selected in such a way that each archaeological layer was represented by 1—5
samples originating from various sections of the excavation, distributed over
a surface of about 40 m? (Figs. 52 and 62). The number of samples in each layer
is given in plant community tables. Samples taken at points II to XIII were

2 Table 3, Figs, 5, 6 are under the cover.
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Fig. 4. Large-area excavation in region X. 1—16 sections of the ‘excavation, I—XIII points where series of samples for
botanical studies were taken from the exposed profiles of the excavation: I—VII included in this study, VIII—XIII not

included in this study, XVII house 3, XVIII basket, PA series of pollen samples

- Rye. 4. Wykop szerokoprzestrzenny w rejonie X. 1-—16 odcinki wykopu, I-—XIIT miejsca zobrania serii préb do badan
botanicznych ze Scian wykopu: I—VII opracowane, VIII—XIII nie opracowane, XVII chata 3, XVTII korobka, PA préby
' do analizy pylkowej
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not connected with any recognizable archaeological objects and are considered
here as random samples. In addition, samples from three archaeological objects
were studied, namely a complete column of 12 samples from pit 1, one sample
from inside house 3 and one sample from the basket (Table 1).

A series of samples for pollen analysis was taken at one point (Fig. 4, PA).

Samples of fruit-stones and nuts were collected by the excavators by hand-
picking of these relatively large plant remains. Samples of wood and charcoal
were selected by archaeologists, as were the supplementary soil samples, samples
of mosses, and all samples from regions VIB, VB, and XII (Table 2).

Laboratory technique

Soil samples for the study of macrofossils were boiled in water with a small
amount of sodium carbonate and washed on sieves with a 0-5 mm mesh. All
seeds, fruits, and other identifiable plant remains were picked from each sample,
determined (if possible), and counted. The number of diaspores per sample
varied from 2 to about 1700 specimens (excuding seeds of Typha). Identification
was based mainly on comparison with reference material of extant seeds and
fruits from the reference collection of the Department of Palaeobotany, Institute
of Botany of the Polish Academy of Sciences in Cracow. In every identification,
it was attempted to check all taxa having similar diaspores which might have
occurred in the study area, on the basis of ecological or phytogeographical
criteria. The available publications on the morphology of seeds and fruits
of several genera or families were used.

All drawings were done by Z. Tomezynska with the use of an ocular
drawing equipment adjusted to a low power binocular microscope. Measurements,
exact to 0-05 mm, were performed with an ocular micrometer or a Brinell’s
micrometer.

The interpretation presented in this paper is based only on taxa, which
could be classified according to phytosociological criteria. All these taxa are
listed in tables and diagrams.

Tables

Plant community tables (nos. 5, 10, 11, 14, 16—18)3 contain information
about frequency of occurrence of taxa in the soil samples, the total sum of
macrofossils of each taxon found in these samples, the occurrence of pollen
and spores, and the occurrence of taxa in supplementary soils seamples and
in samples of fruit-stones and nuts. They also show the floristic composition
of individual archaeological layers and objects for which a sufficient numbers
of macrofossils were found. Samples poor in macrofossils and samples from
transitional levels VIc—d/VIe and VIb/VIc—d were omitted in tables the

3Tables 5, 10, 11, 14, 16, 17 are under the cover.
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better to show the differences between layers. The entries under the heading
“Number of samples/Number of points” indicate the total number of samples
studied from each layer and the number of points on the planes of excavations
in which these samples were taken. For each taxon the first number gives
the number of samples containing its macrofossils, the second number indicates
the number of points from which these samples originated. The “Total in VIe”
includes all samples from layer VIe in region X, namely the random samples,
samples from pit 1, from house 3 and from the basket. “Total number of samples”
shows the number of all soil samples containing macrofossils of a given taxon
(including samples omitted in the central field of a table), with the exception
of supplementary soil samples. “Total number of specimens” gives the number
of gseeds and fruits (in a few cases of other macrofossils) of each taxon found
in the samples included in the total number of samples. The number of seeds
or fruits equals the number of complete specimens plus recalculated number
of fragments. The arrangement of taxa in each phytosociological unit is in
order of, first, the number of samples in which they were found, then the total
number of specimens. Plants found only in pollen spectra are given at the
end of each group. A few exceptions in the order of listing were caused by
varying accuracy of determination. In such cases, taxa which may represent
the same plant are placed either one after the other or together in one line.
Examples of the first case are Triticum aestivum and T'. sp. in table 18 (counted
a8 one taxon in table 64) or Typha sp., T. latifolia, and T. angustifolia or Spar-
ganium sp. in table b (counted as two taxa in table 6). An example of the second
case is Lythrum cf. salicaria and L. sp. in table 14 (counted as one taxon in
table 6).

A summary table (Table 6) gives an idea of the significance of deseribed
syntaxonomic units, as estimated from the number of species in individual
layers and in the whole material. Vegetation complexes are according to
Korna$ & Medwecka-Korna§ (1974) with supplements from Trzcinska-
Tacik & Wieserowa (1976). “Total in VIe” includes taxa found in all samples
from layer VIe in region X (see above). “Total sum of species” includes taxa
found in all the examined samples. Percentages for all categories, with the
exception of cultivated plants, are based on the sum of wild species found in
each layer or object. For the total sum of species (the second last column)
they are based on the total sum of species (excluding cultivated plants) found
in all samples. Percentages of cultivated plants are based on the same totals
with cultivated plants included.

Diagrams

Macrofossil diagrams illustrate the changes in the percentage numbers of
fruits and seeds in stratigraphic sequence. Figs. 8 and 9* present separate curves
for each taxon. Percentages are calculated from the total sum of specimens

4 Table 6, Figs. 8, 9 are under the cover.
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of all taxa found in every sample (XI+X1II in Fig. 9). Fig. 10% shows summary
curves for groups of taxa included in each syntaxonomic unit. In this diagram
percentages are based only on the sum of specimens of phytosociologically
classified taxa (ZI in Fig. 9). The use of percentage numbers, instead of
numbers of specimens in samples of constant volume, was necessitated by the
fact that the volume was not measured with sufficient accuracy for all samples.
Only soil samples, in which all macroscopic plant remains were counted are
included in the diagrams, and a few samples with too small a number of fruits
or seeds are omitted. Within each syntaxonomic unit taxa are arranged . ac-
cording to their appearance in time.

The vertical arrangement of samples in the diagrams requires additional
explanation. In the upper part of diagrams samples coming from differert
sections of the large-area excavation, but from the same layer, are grouped
together according to their depth. This part illustrates the variation in the
numerical representation of taxa in eigth early medieval and one late medieval
layer. In the lower part of diagrams there are samples taken in one column
from pit 1 and from the superimposed layers VIe and VIec—d. Samples from
these layers (nos. 3a/b, 3¢, 3d, 3e) are repeated in the upper part of diagrams.
At the very bottom, four samples are drawn: one from house 3, one from the
basket, and two from region XII.

The depth of samples was measured from the 0 levels situated at the following
elevations: ' :

region VB — 228-535 m a.s.l.

region VIB — 225-035 m a.s.l.

region X, large-area excavation — 223-84 m a.s.L

region XII (Dziedziniec Batorego) — 229-74 m a.s.l.

The diagram on figure 115is the graphic presentation of data included in
table 6.
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DESCRIPTION OF PLANT REMAINS

The chapter includes all taxa found on the Wawel Hill, identified on the
hasis of fruits, seeds, wood, charcoal, leaves, and sporomorphs. Pollen and
spores were determined by W. Koperowa, wood and charcoal by M. Rey-
manéwna (Table 3), mosses by B. Szafran, and other macrofossils by the
present author. Plants are listed partly in systematic (divisions and sub-
divisions) and partly in alphabetical order (families, genera, species). De-
scriptions and drawings are given only for taxa identified by the author. Total
number of specimens and total number of samples include only macrofossil
remains found in samples subjected to detailed qualitative and quantitative
analyses. In addition, the presence of a taxon in supplementary samples is
indicated. The majority of plant remains are not charred. The state of pre-
servation is mentioned only in the case of charred specimens. Measurements
are given for dry specimens, unless otherwise stated. In a few cases measurements
were performed twice, first on wet specimens, soon after the samples were
washed, and later repeated on dry specimens. In all these cases considerable
shrinkage was observed. Length of fruits or seeds usually means their largest
dimension, breadth the largest dimension perpendicular to the length. A few
exceptions are indicated in the text or in the plates. At the end of each de-
scription phytosociological classification is given for taxa included in plant
community tables (all specific and a few generic determinations). The dis-
tribution of these taxa in different layers can be read from these tables and
from diagrams. Remains identified only as genera or families are not listed
in tables and diagrams and their occurrence in layers is given with the de-
scription. A full list of plants with the indication of their occurrence in early
and late medieval times will be published separately (Wasylikowa, in print).

Plant names, except in a few cases, are according to “Rofliny polskie”
(Szafer et al. 1953), names accepted in “Flora europaea” being given in
parentheses. Doubtful determinations are indicated by cf. or type, and cf. is
understood here as a closer identification. Depending on the position of cf. with
the plant name the uncertainty may concern genus (cf. Silene inflata), species
(Lythrum cf. salicaria) or variety (Amaranthus lividus cf. var. lividus). In
most cases, the reasons for uncertainty are given with the description of a taxon.
The term type is used when either a few species (more than two) have closely
similar diaspores and no morphological criteria were found to separate them
(Cirsium oleraceum type) or not all of the possibilities were checked (Rubus
plicatus type). This term is also applied for sporomorphs in the same meaning.
Phytosociological classification and nomenclature are according to “Szata ro-
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§linna Polski” (Medwecka-Kornas ef al. 1972), with supplements from
Ellenberg (1974).
Abbreviations used in the text:
¢h  — characteristic species of the unit indicated in the text or of lower
syntaxonomic units, which belong to it
EM — early medieval
LM — late medieval
AP — sum of arboreal pollen in the pollen diagram
NAP — sum of nonarboreal pollen in the pollen diagram
VIj, VIi... Vb — symbols of archaeological layers

Fungi .
Claviceps purpurea (Fries.) Tulasne. One sclerotium in pit 1.

Hepaticae
Anthoceros sp. Scattered spores in all EM layers.

Musci

Leaves and stems of 12 species were found in the basket from the layer VIe
(Szafran 1963, unpubl.):

Anomodon apiculatus Br.

Antitrichia curtipendula (Hedw.) Brid.

Camptothecium sericeuwm Kindb.

Eurhynchium Zetterstedtic Stroem.

Hypnum cupressiforme Hedw.

Isothecium viviparum Lindb.

Leucodon sciuroides (L.) Schwagr.

Neckera complanata (L.) Hiib.

N. crispa (L.) Hedw.

Polytrichum attenuatum Menz.

Thamnium alopecurum (1L.) Br.

Ulota ulophylla (L.) Broth.

More complete studies of mosses were carried out by Karezmarz (in print).

Sphagnum sp. Small number of spores in layers VIg, VIe,, VIe, VIc—d.

Equisetaceae
Hquisetum sp. Spores in all EM layers in small numbers.

Lycopodiaceae

Lycopodium clavatum L. One spore in VIe,. Nardo-Callunetea, ch (Table 16).

Lycopodium complanatum L. (Diphasium complanatum (L.) Rothm.). One
spore in VIf. Vaccinio-Piceetea, ch (Table 17).

Ophioglossaceae
Botrychium sp. Scattered spores in VIe, and VIe.

Osmundaceae
Osmunda regalis L. Two spores in VIe—d. Alnetea glutinosae, ch (Table 17).
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Polypodiaceae

Phegopteris sp. One spore in VI{L.

" Polypodium vulgare L. Scattered spores in VIg, VIf, VIe,/VIe, and VIc—d.
Various forests (Table 17).

Pteridium aquilinum (L.) Kuhn. (Pl. I) 16 fragments of tertiary leaf segments
in 10 samples. Leaf segments thick with revolute margins, remnants of ciliate
indusia can be seen on a few fragments. In addition, leaves of Pteridium were
found in 4 supplementary samples from VIe and in one sample from VIf.
One of the samples from VIe, collected near the house 3 (region X, are I,
section 15, depth 530 —550 cm), was composed of horizontally lying stems,
straw, small branches, and larger fragments of Pleridium leaves. Large leaves
of this species were probably used, together with other plants, for some purpose
(bedding?). Small numbers of Pteridium spores were found in all EM layers
with the exception of VIg. Vaccinio-Piceetea, ch (Table 17).

Polypodiaceae indet. Small numbers of spores in all EM layers. Leaf fragments
in Vb.

Pinaceae

Abies alba Mill. 16 detached needles in 9 samples. Numerous branches,
horizontally arranged, with needles attached, in one supplementary sample
from VIf. Ten pieces of wood in 6 samples, including one post, one peg, and
one lath (Table 3). Pollen in all EM layers, maximum amount 129%, of AP.
Various forests (Table 17).

Picea excelsa (Lam.) Lk. (P. abies (L) Karsten subsp. abies) 14 needles
and one unripe seed with a wing in 4 samples. Needles also in one supplementary
sample from VIe and 2 cone fragments in VIf. Two wood pieces from VIa
and VIe—d were determined as Picea or Lariz (Table 3). Pollen in all EM
layers with the maximum value of 8%, of AP. Vaccinio-Piceetea, ch (Table 17).

Pinus silvestris 1.. Four cones in 3 supplementary samples from VIec—d,
one cone from VIf. Seven picces of wood from VIe—d (Table 3). Pollen in all
EM layers in the amount of 6—439, of AP. Various forests (Table 17).

Taxaceae
Taxus baccata L. A bow identified by M. Reymanoéwna (Zaki 1974,
phot. on p. 344). Not included in the plant community tables.

Aceraceae
Acer sp. Small amount of pollen in all EM layers, a maximum of 6%, of AP
in one sample from VIc—d. Querco-Fagetea, ch (Table 17). ¢

Alismataceae

Alisma plantago-aquatica 1.. (Pl. I). Four seeds and 4 fruits in 7 samples.
Size of 3 seeds: 1-1x 0-6, 1-2 X 0-65, 1-25 X 0-5 mm. Size of 2 fruits: 1-5 X 0-8,
17X 0:8 mm. Pollen of Alisma sp. forms a continuous curve from VIf to
VIe—d. Phragmitetalia, ch (Table b5).

2 — Acta Palaeobotanica XIX/2
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Amaranthaceae

Amaranthus lividus L. of. var. lividus. (P1. T). 18 and a half seeds in 6 samples.
Three specimens from the sample no. 3d are swollen and their testa is covered
with small cracks, as if they had been roasted. One seed from sample 51a is
probably charred.

Seeds dark brown or blackish, circular or slightly oval in outline. Hilum
in small incision on the seed circumference, at the end of the radicle. Lateral
sides not differentiated into central and marginal parts (Kowal 1954), some-
times with small depression on each side near the apex of the radicle. Sculpture
indistinet, rows of cells parallel to the seed circumference visible on the marginal
part, particularly on the surface of the radicle. Seed edge blunt. Size of 8 seeds:
125 X 1-20, 1-50 x1-35, 1-70 X 1-60, 1-60 X 1-55, 1-45 x 1-30, 1-60 X1-35, 1-60 X
x1:45, 1-60 X1-60 mm. Average: 1-54(1-256—1-70) x1-42(1-20—1-60) mm.

A. lividus L. var. ascendens (Loisel.) Thell. (A. ascendens Loisel.) is the
only species native in Europe, which occur in Poland today (Frey 1974).
Fossil seeds from the Wawel have the same shape as seeds of this species but
they are a little larger. The largest diameter in the reference material of var.
ascendens from 6 localities was 1-5 mm and the size given in literature by various
authors is 1-0 to 1-5 mm (Aellen 1959; Frey 1974; Knorzer 1970; Kovachev
1966). A. lividus has two cultivated varieties, A. lividus L. var. oleraceus (L.}
Thell. with smaller seeds (diameter to ca. 1-3 mm) and A. lividus var. lividus
with larger seeds (diameter to 1-75 mm, Aellen 1959). On the basis of the
size subfossil seeds from the Wawel were identified as A. lividus cf. var. lividus.
Their original size might even have been slightly larger than the measurements
shown because in this material most seeds and fruits have slightly smaller
dimensions than their modern counterparts (probably due to the shrinkage
caused by long storage in dry conditions). The uncertainty of the determination
is due to the lack of extant reference material.

Both varieties oleraceus and lividus are old cultivated plants. From written
sources it seems likely that they were cultivated in the Mediterranean in
Antiquity and they were certainly grown in Europe in the 8th, 16th, and 17th
centuries as vegetables and medicinal plants (Hanelt 1968). They were used
as fodder for pigs in 18th century, but in later times they became less important.
Their cultivation in Thrace, as late as the beginning of 20th century, is mentioned
in literature (Hanelt 1968) but now they can be found only in botanical
gardens (Aellen 1959). '

A large number of subfossil seeds of Amaranthus lividus L. from Roman
time (1st century A.D.) was found in Neuss by Knoérzer (1970). They were
slightly smaller than the seeds from the Wawel, the diameter of 10 seeds was
1-42(1-2 —1-6) mm. Knérzer assumes that the plant was cultivated because
the seeds were found together with other plants used as vegetables. In Poland
seeds of Amaranthus were found twice, namely in the early medieval layers
from Gdansk (Amaranthus sp., Madalski 1952) and from Wroclaw (4. ascendens
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Loisel., Kosina 1974). Both findings were published without descriptions and
measurements. :

The only other species native to Europe, A. graecizans L. growing in the
Mediterranean area, has seeds with lateral sides differentiated into central
and marginal parts and with a distinet, even sharp, edge (Kowal 1954).
Cultivated plant (Table 18). '

Araliaceae

Hedera heliz L. Large amount of pollen in layers from VIg to VIe—d
(2—69%, of AP). Carpinion (Table 17).

Betulaceae

Alnus glutinosa (L.) Gaertn. Two fruits in 2 samples. Alnetea glutinosae,
ch (Table 17). ,

Alnus sp. Five wood fragments in one sample from VIc—d. Pollen in all
EM layers in the amount of 3—169, of AP. Alno-Padion (Tables 3 and 17).

Betula verrucosa Ehrh. (B. pendula Roth.) or B. pubescens Ehrh. One fruit
without wing. Various forests (Table 17).

Betula sp. 10 samples contained 2 wood pieces, 14 pieces of bark, and one
broom made of birch twigs (Zaki 1974, phot. on p. 346). Pollen in all EM layers,
5—149%, of AP. Various forests (Table 3 and 17). :

Carpinus betulus L. Small amount of pollen in all EM layers up to 5%, of AP.
Carpinion, ch (Table 17).

Corylus avellana L. 12 fragments of nut shell in 4 samples. 35 supplementary
samples contained about 10 complete nuts, 42 halves, and several smaller
fragments. Only 2 fragments were charred. Size of 7 complete nuts: length
16-7(14-4—21-0) mm, breadth 13-6(12:6—15-8) mm, thickness 11-7(10-5—
13-5) mm. Small amount of pollen in all EM layers (maximum up to 79, of AP).
Querco-Fagetea, ch (Table 17).

Boraginaceae

Anchusa sp. Pollen in VIg, VIe, and VIe—d. The only species occurring
in Poland, A. officinalis L., is a characteristic species of Onopordion. Onopor-
detalia, ch (Table 10).

Cerinthe minor L. (Pl. I). Two nutlets in 2 samples. One is a single fruit
2-4 mm long and 1-8 mm broad. The other with a bifurcated apex is composed
of two nutlets grown together and is 3-0 mm long and 2-4 mm broad. Pollen
of Cerinthe sp. in layers from VIg through VIe—d. Festuco-Brometea (Table 16).

Lithospermum arvense L. (Buglossoides arvemsis (L.) I.M., PL. I). 14 and
a half nutlets in 7 samples. Four specimens, preserved without the outer tuber-
culate layer of pericarp, are of a pear-like shape, narrow end pointed and
slightly curved, surface smooth with small depressions (Pl. I, fig. 8). Size of
6 complete nutlets: 2:45(2-25—2-65)x1-7(1-6—1-9) mm. Ceniauretalia, ch
(Table 11).

2%
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Myosotis arvensis (L.) Hill. type. 17 nutlets in 11 samples. Nutlets narrow
ovate, basal breadth distinetly smaller than the maximum breadth. Size of
10 fruits: 1-14(0-9—1-3) X 0-69(0-55—0-80) mm. In the Polish flora this type
of fruits includes M. arvensis (1..) Hill.,, M. micrantha Pall., M. collina Hofm.,
and M. versicolor (Pers.) Sm. M. arvensis, mostlikely to occur, is a characteristic
species of the order Secali-Violetalia. Other species may also grow in fields
or on roadsides. Secali-Violetalia (Table 11).

Muyosotis palustris (L.) Nathorst or M. silvatica (Ehrh.) Hoffm. Eight nutlets
in 2 samples from Vb. Size: 1-54(1-50—1-60) X 0-89(0-80 —1-00) mm (for de-
scription see Wieserowa in print).

Myosotis sp. 93 nutlets in 6 samples from VIf, pit 1, and Vb. Breadth at
the base almost equal to the maximum breadth. Size of 5 specimens: 1-29
(1-2—1-45) X 0-8(0-7—0-9) mm

Symphytum officinale 1.. (Pl. I). One nutlet with the remnants of smooth
and shiny outer layer of pericarp. Size: length 4-0 mm, breadth 2-5 mm, thickness
2-4 mm. 8. cordatum has fruits of about the same length (3-5 ) but
relatively broader and with a thicker collar-like ring. Fruits of 8. tuberosum L.
ssp. nodosum (Schur.) So6 are smaller (2:-5—3-5 mm long, Grodzinska 1963).
Small amount of pollen of Symphytum sp. in VI, VIe, and VIe—d. Moli-
nietalia (Table 14).

Campanulaceae

Campanula patulae L. (Pl. T). Three seeds in 2 samples. Seeds oval in outline,
slightly flattened, 4 elliptical in cross-section (maximum thickness —+ in the
middle of the breadth). Delicate longitudinal striation on the surface of the
testa. Size: 045 X 0-35 mm and 0-45 X 0-30 mm. Arrhenatheretalia, ch (Table 14).

Campanula persicifolia L. (Pl. I). Two seeds in 2 samples. Outline oval,
the end with hilum blunt, eross-section narrow triangular (maximum thickness
near one of the marging). Surface covered with delicate longitudinal striation.
Size: 0-6 X 0-45 and 0-65 X 0-45 mm. Querco-Fagetea, ch (Table 17).

Campanula trachelium L. type (Pl. I). Three seeds in 2 samples from pit 1.
Seeds very flat, narrow-oval, one end blunt with hilum, the other rounded.
Narrow fringe along one margin. Striation more distinct than in C. persicifolia.
Size of one seed: 1:4x 0-75 mm. The type includes most of the species oc-
curring in Poland.

Campanula sp. Small amount of pollen in all EM layers.

Jasione montana L. Pollen in 21l EM layers with the exception of VIf.
Sedo-Scleranthetea, ch (Table 16).

Phyteuma sp. Pollen in all layers from VIg to VIe—d.

Cannabaceae :

Cannabis sativa L. (Pl. T). 12 samples contained: 10 complete fruits and
10 halves and larger fragments. Usually only pericarp was preserved, in sample
54d three fruits with mineralized seeds were found (Pl. I, fig. 14). Size of 4 fruits:
37TX2:85%x22,41x30x21,365x28x21,35x2-8x21mm. In addition,
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fruits in one supplementary sample from VIf. Pollen in all EM layers except
for VIf. Cultivated plant (Table 18).

Humulus lupulus L. 72 fruits and 7 fragments in 21 samples. Mineralized
specimens in samples 3d and 45g. Most specimens without perianth and without
the outer epidermis of the pericarp, surface smooth, pillow-shaped trace of
stigmas at the apex. A few specimens with perianth. Size of 10 fruits: length
2-60(2-2—2-9) mm, breadth 2-09(1-8—2-5) mm, thickness 1-68(1-4—2-2) mm.
Pollen in all EM layers. Salicion, ch (Table 17).

Caprifoliaceae

Sambucus cf. ebulus L. One fruit-stone. Relatively shorter than fruit-stones
of 8. racemosa and 8. nigra and with coarser sculpture, but dorsal side less
convex than in typical fruits of 8. ebulus. Size: 2-55X1-7x 08 mm,
length/breadth ratio 1-5. Atropetalia (Table 17).

Sambucus nigra L. 25 complete and 23 fragments of fruit-stones (2 charred)
in 21 samples. Size of 16 fruit-stones: length 3-3(2-53—3-9) mm, breadth 1-69
(1-35—1-95) mm, thickness 0-95(0-7—1-2) mm, length/breadth ratio 1-96
(1-56—2-81). Atropetalia, ch (Table 17).

Sambucus sp. Pollen in all EM layers, maximum number 6%, of AP. Two
fruit-stones in VIa and VIe, region XII. Atropetalia (Table 17).

‘Viburnum opulus L. Two fruit-stones in 2 samples. Size of one specimen:
75X 71x 20 mm. One pollen grain in VIe—d. Alno-Padion (Table 17).

Caryophyllaceae

Agrostemma githago L. 865 seeds in 29 samples. In most cases only the empty -
testa is preserved, a few seeds contain a hard, mineralized inner part, 6 specimens
are charred. Numerous seeds in 2 supplementary samples. Largest diameter
of 20 seeds: 3-64(3-05—4-2) mm. Centauretalia, ch. (Table 11).

Arenaria serpyllifolia L. 11 seeds in 6 samples. Size of 9 specimens: 0-57
(0-50—0-60) x 0-50(0-45—0-60) mm. Festuco-Brometea (Table 16).

Cerastium silvaticum W. XK. (PL. II). Two seeds in 2 samples. They differ
from seeds of C. vulgatum in slightly larger dimensions, the ovate outline,
and more regular arrangement of tubercles (longer axis of tubercles - parallel
to the seed circumference). Tubercle bases stellate, deeply incised. Size: 1-1 x 0-8
and 0-85x 0-75 mm. Wojterska (1969) gives the following size for recent
seeds (100 measurements): 0:81—1-5 X 0-51—1-20 mm, the largest diameter
according to Zajac (1975) is (0-8)0-9—1-2(1-25) mm. Alno- Padion, ch (Table 17).
Today the species does not grow in the vicinity of Cracow. It occurs in south
Poland only to the east from the Dunajec river (Zajae 1975).

Cerastium vulgatum L. (C. caespitosum Gilib.). 14 seeds in 9 samples. Sceds
triangular-ovate, with irregular arrangement of tubercles on lateral sides. Size
of 6 seeds: 0-7(0-7—0-75) X 0-68(0-6—0-7) mm. Size of extant seeds according
to Wojterska (1969, 100 measurements) is 0-61—1-0 X 0:41—0-80 mm and
the largest diameter according to Zajac (1975) is (0-6)0-65—0-75(0-85) mm.
Avrrhenatheretalia (Table 14).
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Dianthus armeria L. (Pl. II). Two seeds in one sample. They differ from
similar seeds of D. deltoides L. in being slightly thicker and in having 4- iso-
diametrie cells on the whole surface of the dorsal side. The dorsal side of
D. deltoides seeds is covered with cells elongated transversally to the length
of the seed (Kowal & Wojterska 1966). Size: 1-32 X 0-9x 0-55 mm and
1-4 % 0-85 X 0:250 mm. Festuco-Brometea (Table 16).

Dianthus sp. (Pl. I). Three seeds in 3 samples from VIe and pit 1. Size
of 2 seeds: 19 x1-5 and 1-8x1-3 mm. Small amount of pollen of Dianthus
type in all EM layers.

Gypsophila muralis L. Four seeds in 4 samples. Size: 0-42 X 0-3, 0-42 X 0-40,
0-:37 X 0-37 mm. Isoéto-Nanojuncetea, ch (Table 5).

Lychnis flos-cuculi L. 60 seeds in 18 samples. Size of 10 seeds: 0-74(0-65—
0-80) x 0-62(0-58 —0-70) mm. Scattered pollen grains of Lychnis type in VIj-+i
and VIe. Molinietalia, ch (Table 14). _

cf. Malachium aguaticum (L.) Fr. (Myosoton aquaticum (L.) Moench.). 159
seeds (4 charred) in 19 samples. M. aquaticum and Stellaria nemorum have
very similar seeds. Small differences are as follows: seeds of Malachium are
almost circular in outline, they have tubercles on the lateral sides higher than
in Stellaria, on the dorsal side conical and not compressed. Shape of seeds and
tubercles in Malachium is less variable than in Stellaria. Size of 10 seeds:
0-81(0-67—0-97) X 0-78(0-65—0-87) mm. ‘Salicion (Table 17).

Melandrium album (Mill.) Garcke. (Silene alba (Miller) E. H. L. Krause).
573 seeds in 41 samples. In most cases only empty testa, in a few cases with
mineralized embryo and perisperm, one seed charred. Size of 10 seeds: 1-18
(1-00—1-32) X 0-99(0-85—1-17) mm. Rudero-Secalietea, ch (Table 11).

Melandrium noctiflorum (L.) Fr. (Silene noctiflora 1.). 59 seeds in 21 samples.
For description see Wieserowa (in print). Size of 10 seeds: 1-48(1-37—1-67) X
x1:26(1-15—1-4) mm. Centauretalia, ch (Table 11).

Melandrium rubrum (Weig.) Garcke (8ilene dioica (L.) Clairv., PL II).
Two seeds in one sample. Dorsal side evenly rounded, tubercles conical, pointed,
higher and thinner than in M. album. Tubercle pattern around hilum as in
M. album (Wieserowa in print). Size: 1-4 x1-1 and 1-1 X 0-9 mm. Alno-Padion
(Table 17).

Melandrium sp. Scattered pollen grains in VIi4j, VIg, VIe, VIe—d.

Moehringia trinervia (L.) Clairv. (Pl. II). One seed. Size: 10X 0-9 mm.
Carpinion (Table 17). ' :

Saponaria officinalis L. (Pl. IT). Three seed$ in one sample. Size: 2:1 X 18,
1-8 x1-6,”and 1-9 x1-7 mm. Salicion, ch (Table 17).

Sclemnthus annuus L. Scattered pollen grains in all EM la.yers Centauretalia,
c¢h (Table 11).

Scleranthus sp. One fruit, sepals not preServed. Centauretalia (Table 11).

cf. Silene inflata (Salisb.) Sm. (8. vulgaris (Moench.) Garcke, P1. II). 11 seeds
(one charred) in 9 samples. Dorsal side 4 evenly rounded or slightly flattened,
tubercles coarse, on lateral sides arranged in -4- concentric rows, near the hilum
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forming radial wrinkles (as in seeds of Melandrium noctiflorum). They differ
from seeds of M. album in coarser sculpture and the absence of ring-like
thickening near the hilum. Seeds of M. nocfiflorum have a more flattened
dorsal side, on the lateral sides tubercles are finer and more -elongated. Seeds
from the Wawel show great variation in shape and sculpture. Size of 8 seeds:
1-56(1-25—1-75) X 1-26 (0-95—1.-45) mm. Festuco-Brometea (Table 16). '

Silene/ Melandrium type. 14 seeds in 8 samples from VIg and pit 1.

Spergula arvensis L. var. arvensis (after Mansfeld 1959, Pl. II). Three
seeds in 2 samples. Wings and papillae not preserved. Largest seed diameter:
1-05, 1-00, 1-15 mm. According to Kulpa (1974) the size of extant seeds is
0-9—1-2 mm in var. arvensis (= 8. vulgaris Boenn.) and 1-1—1-6 mm in var.
sativa (= 8. sativa Boenn.). Kowal (1966) gives 0-81-—1-4 mm for the largest
seed diameter in both varieties. Size of subfossil seeds is closer to var. arvensis-
but the cultivated var. sative cannot be excluded. Secali-Violetalia, ch (Table 11).

Spergula arvensis Li. var. mazima (Weihe) Mert. et Koch. (includes 8. maxima
Weihe and 8. linicola Boreau, Pl. IT). Three complete and 18 halves of seeds
in 6 samples. Wings and papillae not preserved. Largest diameter of 18 speci-
mens: 1-87(1:65 —2-2) mm. Size of extant seeds according to Kulpa (1974)
is 1-6—2-0 mm, according to Kowal (1966) 1-41—1-8 mm. Centauretalia,
ch (Table 11).

Stellaria graminea L. 56 seeds in 26 samples. Size of 10 seeds: 0-89(0-75 —
1-05) X 0-86 (0-75—1-0) mm. Arrhenatheretalia (Table 14). ‘

Stellaria media Vill. 30 seeds in 14 samples. Size of 10 seeds: 1-14(0-95—
1-22) x1-12(0-95—1-35) mm. Rudero-Secalietea, ch (Table 11).

cf. Stellaria nemorum L. One seed. 1t differs from Malachium aquaticum
in its oval outline and compressed tubercles on the dorsal side. Size: 0-9 X 0-8 mm.
Alno-Padion (Table 17).

Stellaria sp. Two pollen grains in VIi+j and VIe.

Viscaria vulgaris Rohl. (Lychnis viscaria 1..). Six seeds in 5 samples. Size
of three seeds: 0-55x 0-45, 0-65x 047, 0-60X 0-50 mm. Festuco-Brometea
(Table 16). ‘

Caryophyllaceae indet. 26 seeds in 15 samples from VIj, VIi, ,VIg, VIf,
VIe—d, Vb, pit 1, and house 3.

Chenopodiaceae

Identification of seeds is based on characteristics described by Kowal
(1953). Measurements were performed as was indicated by this author. Number
of seeds includes complete specimens and recalculated number of fragments:
2 halves = 1 seed, 4 smaller fragments = 1 seed.

Atriplex cf. nitens Schrk. (Pl. I). 101 seeds in 7 samples. The presence of
A. hastatum cannot be entirely excluded. Size of 10 seeds: 1-46(1-25 —1-85) X
x1-42(1-25—1-85) mm. Onopordetalia (Table 10).

Atriplex patulum L. Two seeds in 2 samples. Size of one seed: 1-65 X 1-5 mm.
Rudero-8ecalietea, ch (Table 11).
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Atriplex sp. 13 seeds in 8 samples from VIg, VIf, VIe,, VIe, and pit 1.

Chenopodium album L.s. str (Pl TI). 397 seeds (4 charred) in 37 samlpes.
Only specimens with all characteristics typical of C.album were included here.
Size of 10 seeds: 126 (1'15—1'35)x1-16(1'0—1-25) mm. Rudero-Secalietea,
ch (Table 11).

Chenopodium album T.. s. 1. 4736 seeds in 15 samples. The group includes
specimens with some characteristics typical of C. viride, C. opulifolium, and
of varieties of C. album, as well as damaged specimens. Rudero-Secalietea,
c¢h (Table 11).

Chenopodium ficifolium Sm. 41 seeds in 15 samples. Size of 10 seeds:
1-04(0-9—1-1) X 0-96(0-85—1-05). Onopordetalia (Table 10).

Chenopodium hybridum L. 155 seeds in 35 samples. Size of 10 seeds:
1-75(1-5—1-85) X 1-66 (1-4—1-7) mm. Onopordetalia, ch (Table 10).

Chenopodium cf. opulifolium Schrad. (Pl. I). 14 seeds in 9 samples (one
seed charred). Size of all specimens: 1-20(1-1—1-35)x1-27(1-15—1-4) mm.
Onopordetalia, ch (Table 10).

Chenopodium polyspermum L. 87 seeds in 19 samples. Size of 10 specimens:
0-95(0-75—1-15) X 0-87(0-75—1-0) mm. At present characteristic species of
Eu-Polygono-Chenopodion, is here included in Onopordetalia (Table 10) on the
basis of its occurrence in the diagram (Fig. 9).

Chenopodium cf. rubrum L. One seed, oval in outline, elongated and thinner
towards the apex of the radicle. On both sides delicate reticulate sculpture
fading towards seed circumference. Similar seeds of C. glaucum L. for the most
part have a circular outline and uniform thickness along the whole diameter.
Size: 0-6 X 0-6 mm (0-7 with radiecle). Bidenietalia, ch (Table 5).

Chenopodium urbicum L. 176 seeds in 24 samples. Size of 10 seeds: 096
(0-85—1-0) x 0-88(0-8—0-95) mm. Onopordetalia (Table 10).

Chenopodium cf. viride L. (Pl. I). 23 seeds in 10 samples. Size of 20 seeds:
1-18(1-0—1-3) x 1-25(1-05—1-4) mm. Onopordetalia (Table 10). For description
see Wieserowa (in print).

Chenopodium cf. vulvaria L. Three seeds in one sample. Size: 1-05 x1-0,
1:0 < 0-95, and 1-05 X 0-9 mm. Onopordetalia (Table 10).

Chenopodium sp. 1686 seeds (4 charred) in 45 samples from all EM and
LM layers. Seeds damaged. In addition, 25 seeds without testa (11 charred)
and numerous specimens of inner seed epidermis.

Chenopodiaceae indet. Pollen in all EM layers, maximum up to 69, of
AP++NAP.

Cistaceae

Helianthemum sp. Few pollen grains in VIj+i, VIg, VIf, VIc—d. H. ovatum
(Viv.) Dun., a species most common in Poland, is a characteristic species of
Festuco-Brometea (Table 16).

Compositae

Achillea cf. millefolium L. One achene. A. mobilis L., a very rare species
in Poland, has similar fruits. Size: 2:05 X 0-7 mm. Arrhenatheretalia, ch (Table 14).
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Anthemis cotula L. 35 achenes in 7 samples. Size of 15 fruits: 1-52(1-3—1-7) X
X 0-74(0-6—0-9) mm. Onopordetalia, ch (Table 10).

Amnthemas tinctoria L. Five achenes in 5 samples. Size of 4 specimens: 1-75 X
x1-05,1-7 X 0-7,1-85 X 0-75, and 1-55 X 0-5 mm. Festuco- Brometea, ch (Table 16).

~ Anthemis type. Pollen in all EM layers.

Arctivm lappa L. 11 and a half achenes in 5 samples. Fruits narrowed at
the apex, the breadth of apical depression less than half of the fruit breadth
(Kulpa 1974). Size of 6 dry specimens: 56 X 2-2, 44 x1-6, 4:6 X 2:0, 5-35 X 21,
H-0x2-4, and 5:3X2-6 mm. Fruits are shorter than extant specimens due
to storage in dry condition. Two achenes were 6-2 and 4-9 mm long when
measured wet and respectively 5-6 and 4-4 mm long after 8 years of dry storage.
Onopordetalia, ch (Table 10).

Artemisia sp. Pollen in all EM layers up to 5% of AP+ NAP.

Aster type. Few pollen grains in all EM layers.

Bidens tripartitus L.. Two achenes in one sample. Size: 475 (6-5 including
awn) X 2-3 and 5-25(7-5) x1-9 mm. Bidentetalia, ch (Table 5).

Carduus crispus L. or C. acanthoides L. (Pl. ITI). Three complete and
2 halves of achenes in 5 samples. Fruits smaller and with less distinet transverse
wrinkles than in C. nutans. Size: 2-1x 0-95, 2-5 x1-1, 2-1X1-05 mm. Ono-
pordetalia, ch (Table 10).

Carduus cf. nutans L. (P1. IIT). One achene. Size: 2-8 X 1-3 mm. Onopordetalia,
ch (Table 10).

Centaurea cf. austriaca Willd. (C. phrygia L. subsp. phrygia, Pl. III). Three
samples contained: 2 complete involucres and one fragment, several involueral
bracts with well preserved appendages, and 3 fruits (2 with remnants of pappus).
Similarly shaped appendages may be found in C. oxylepis (Wimm. et Gr.) Hay
(C. macroptilon Borbas subsp. owxylepis (Wimm. et Grab.) So06), a rare species
in Poland. Achenes with dorsal and ventral sides - parallel, not contracted
below the truncate apex, attachement scar lateral, short. Size of fruits 2-8 x
X1-05 mm, attachement scar 0-75 mm long; 2-2 X 0-85 mm, attachement scar
0-5 mm long; 3-0 X 1-15 mm, attachement scar 0-75 mm long. C. rhenana Boreau
and C. oxylepis have similar fruits but C. rhenana differs in the shape of in-
volucral bracts. Molinio- Arrhenatheretea (Table 14).

Centaurea cyanus L. One complete achene and one fragment in one sample.
Size: 3-85 X 1-7 mm, the length of the depression with attachement scar 4-1-5 mm.
Two pollen grains in VIf and VIe—d. Centauretalia, ch (Table 11).

Centauwrea jacea L. (Pl. IIT). 11 achenes in 7 samples (one fruit charred).
Achenes contracted below the apical rim, dorsal and ventral sides convex,
attachement scar in deep, short depression. No pappus. Size of 11 fruits:
2-58(2:0—3-1) x1-26(1-0—1-5) mm, length of attachement scar in 7 fruits:
0-7(0-5—0-85) mm. Pollen in all EM layers. Molinio-Arrhenatheretea, ch
(Table 14).

Centaurea scabiosa L. (Pl. III). Two achenes (one with pappus) and one seed. -
with partly preserved pericarp in 3 samples. Pollen in all EM layers. Size:
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4-0 X 1-75 mm, attachement scar 1-26 mm long; 4'5x1:65 mm, attachement
scar 1-0 mm long. Festuco-Brometea, ch (Table 16).

Centaurea sp. (Pl. IIT). Three damaged achenes in 3 samples from VIf,
VIe—d, and pit 1, without the outer layer of pericarp.

Chrysanthemum leucanthemum L. (Leucanthemum vulgare L.). Four achenes
without outer layer of pericarp in 3 samples. Size: 1-6520:535, 1-65x0-75,
2:0x0:535, and 1-5x0-9 mm. Arrhenatheretalia, ch (Table 14).

Cichorium intybus L. Six achenes in 3 samples. Size of 6 fruits: 2-46 (2-:30—
2:75) x 119 (1.-05 —1-40) mm. Onopordetalia (Table 10).

Cirsium arvense (L.) Scop. type (Pl. III). Seven achenes in 6 samples.
C. palustre (L.) Scop. and C. canum (L.) M. B. cannot be excluded. Size of
7 fruits: 2-6(2:2—2-8) x1-01(0-8—1-2) mm. Characteristic species of the class
Rudero-Secalietea is here included in Salicion (Table 17), where it may have
had its natural habitats (Trzcinska-Tacik & Wieserowa 1976).

Cirstum oleraceum (L.) Scop. type (Pl. III). Six achenes in 4 samples. C. lan-
ceolatum (L) Scop. and C. erisithales (Jacq.) Scop. cannot be excluded. Size
of 5 fruits: 41 x1-7, 3-3x11, 3-0x1-1, 3-6x1:2, 37X 0-8 mm. Molinietalia
{Table 14).

Cirsiwm sp. Pollen in all EM layers.

Orepis type. Pollen in all EM layers.

Lapsana communis L. Nine achenes in b samples. Size of 8 fruits: 3-38(3-2—
365) X 066 (0-55—0-75) mm. Secali-Violetalia, ch (Table 11).

Picris hieracioides L. Four and & half achenes in 4 samples. Size: 2:85 X 0-65,
2-8 X 0:65, 2-5x0-8, and 2-6 X1-0 mm, Festuco-Brometea (Table 16).

Sonchus arvensis L. Four achenes in 3 samples. Size: 2:05 08, 2:35 X 07,
2+05 X 0-75, 2-0 X 0-85 mm. Secali-Violetalia, ch (Table 11).

Sonchus asper (L.) Hill. Three achenes in 2 samples. Size: 2:6 X 1-1, 2:65 X 1-0,
2-45 X 0-9 mm. Polygono-Chenopodietalia, ch (Table 11).

cf. Sonchus oleraceus L. One achene badly damaged. Size: 2-65 X 0-6 mm.
Onopordetalia, ch (Table 10).

Sonchus type. Scattered pollen grains in all EM layers.

Taraxacum type. Pollen in all EM layers.

Xanthium strumarium L. One involucre with beaks and prickles broken.
Length 9-5 mm, breadth 5-6 mm, thickness 4-8 mm. Onopordetalia, ch (Table 10).

Compositae indet. Nine samples from VIg, VIie—d, VIc—d/VIe, and pit 1
contained: 9 achenes, 4 fragments of involucres and 2 fragments of inflorescence.
Involucral bracts acuminate, ciliate, without appendages. A small percent of
pollen of Compositae Liguliflorae and Tubuliflorae in all EM layers.

Convolvulaceae

Convolvulus arvensis L. (Pl. III). Eight complete seeds and 4 fragments
in 2 samples. Size of 2 seeds: 3:7 X2-2 and 4:0 X3-2 mm. Scattered pollen grains
in VIf, VIe,, and VIe—d. Rudero-Secalictea, ch (Table 11)..
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Cornaceae
Cornus sanguinea L. One pollen grain in VIg. Querco-Fagetea, ch (Table 17).
Cornus sp. Two pollen grains in VIg.

Cruciferde

Barbarea sp. Two seeds in 2 samples from pit 1 and from the basket.

Brassica campestris L. (B. rapa L., P1. IIT). 31 complete seeds and 8 fragments
in 14 samples. For description see Wieserowa (in print). Diameter of 26 seeds:
1-26(1-1—1-6) mm. Cultivated plant (Table 18). It may also grow as a field
weed or ruderal plant. '

Brassica nigra (1..) Koch. Two seeds in 2 samples. Diameter: 1-2 and 1-1 mm.
Cultivated plant (Table 18). It may also grow as a ruderal plant.

Brassica sp. Two seeds and 4 fragments of testa in 4 samples from VIj,
VIe;, VIe/VIe—d, and pit 1.

Camelina microcarpa Andrz. ssp. sylvestris (Wallr.) Hiit. (Pl. II). One seed.
Radicle narrower than cotyledons, surface tuberculate, epidermal cells in
longitudinal rows. Seed size: 1-:3 X 0-95 mm. On the basis of seed size C. sativa (L.)
Crantz. subsp. pilosa (DC) N. Zing. cannot be excluded (Table 4). Both species
C. microcarpa subsp. sylvestris and C. sativa subsp. pilosa may grow as field
weeds and ruderal plants (Smejkal 1971). Secali-Violetalia (Table 11).

Table 4
Tabela 4
Sigse of seeds of different specles of Camelina
Wymiary nasion réinyoh gatunkéw Camelina
Length Breadth
Dxugesé Szerokodd
mn . - -
Camelina sativa (L.) Crants.
Endrzer 1974, 10 seeds 1.5 - 1.6 0.8 - 6.9
H 10 nasion . av., 1.53 av. 0.82
E K8rber-Grohne 1967
2 20 sesds 1.3 - 2.0 0.9 - 1.0
e 20 nasion av. 1.8 av., 0.9
2 Kulpa 1974 1.6 - 2.2(- 2.5) 0.9 - 1.4
2 Smejkal 1971, ssp. sativa 1.5 - 2 (- 2.5) 0:9 - 1.4
s ssp. pilosa 1.2 - 1.6(- 1.8)
o
3 Camelina alyssum (M111.) Thell.
1 Sme Jkal 1971 2-3
L] Kulpa 1974 (2.2-) 2.5 - 3 1.2 -~ 1.8(-2.5)
L3
-4 Camelina microcarpa Andrsz.
> Kulpa 1974 1 - 1.2 0.7 - 0.9
E Sme Jkal 1971
& s8sp. sylveatris 1.2 - 1.5(~ 1.6)
ssp. microcarpa 0.7 -1 (-1.2)
Wawel, Early Medieval time, one meed
Wawel, wcezesne Sredniowlecze, Jedno 1.3 0.95
nasienie

- Capsella bursa pastoris (1..) Med. Five seeds in 3 samples. Epidermal cells
elongated parallel to the seed length. Size of 4 seeds: 0-85x0-5, 0-85 X 0-55,
1:0 X 0-55, 1-0 X 0-565 mm. Rudero-Secalietea, ch (Table 11).
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Conringia orientalis (L.) Andrz. (Pl. II). Two complete and one damaged
seed in one sample. Outline oval, narrow radicle slightly longer than broad
cotyledons. Outer surface light olive-yellow, covered with longitudinal rows of
tubercle-like prominences of different hight (Pl. II, Fig. 11a). Deeper lying
laiyers of testa black, composed of longitudinal rows of transversally elongated
cells (Pl. 11, Fig. 11b). The shape of these cells differentiates seeds of Conringia
from those of Camelina macrocarpa Wierzb., C. sativa (L.) Crantz., and C. alyssum
(Miller) Thell., which are of a similar shape and size (Pl. II, Figs. 12, 13, 14).

The surface of dry extant seeds of Conringia is covered with irregular longi-
tudinal depressions and protuberances. After short soaking in water epidermal
cells swell and form muecilaginous finger-like processes. In fossil seeds the swelling
probably began but was interrupted at an early stage, when the outer cell-walls
became only slightly convex. Size of fossil seeds: 2-5x1-5 and 2-2 X1-5 mm.
Centauretalia, ch (Table 11).

Descurainia sophia (L.) Webb. Two seeds in 2 samples. Longer axis of epi-
dermal cells transversal to the seed length. Size: 0-9 X 0-5 and 0-7 %X 0-35 mm,
Onopordetalia, ch (Table 10). :

Neslia paniculata (L.) Desv. 10 complete specimens and 7 half-fruits in
11 samples. Size of 8 fruits: 2-11(1-8—2-6) X1-96 (1-656—2-3) mm. Centauretalia,
ch (Table 11). '

Rorippa palustris (Leyss.) Bess. (R. islandica (Oeder) Borbas). 27 seeds in
4 samples. Epidermal cells with convex outer walls. Size of 10 seeds: 1-37(1-25 —
1-6) x1-07(0-95—1-15) mm. Bidentetalia, ch (Table 5).

Rorippa cf. silvestris (L..) Bess. One seed, size 1-2 X1-0 mm. Epidermal cells
with ooncave cell walls. Potentillo-Polygonetalia, ch (Table 10).

Sinapis arvensis L. Seven seeds in 2 samples. Diameter of 4 seeds: 1-7, 1-7,
1-6, and 1-6 mm. Secali-Violetalia, ch (Table 11).

Thlaspi arvense L. 81 complete seeds and 5 halves in 18 samples. Size of
10 seeds: 1-88(1-:65—-2-05) x 1-41(1-25—1-6) mm. Secali-Violetalia, ch (Table 11).

Cruciferae indet. 30 seeds in 9 samples from VIg, VIf, VIe,, VIe, VId, Vb,
and pit 1. Pollen in all EM layers.

Cuscutaceae
Cuscuta sp. Three seeds in 3 samples from VId, Vb, and pit 1. Size: 0-9 X 0-8,
0-9x0-75, 140)(13:) mm.

Cypemceae

Blysmus compressus (L.) Panz. (Pl. IV). Three complete achenes and 2 frag-
ments in one sample. Cross-section lenticular, with one side more convex, fruits
abovate or narrowly obovate with rather long stipe. Two fruits have awns
2—2-5 times longer than fruits (Sojak 1958). Longitudinal rows of polygonal
cells on the surface. Pericarp very fragile. Size: length with stipe 1-85 mm,
breadth 1-0 mm, stipe length 0-35 mm, and respectively 2-3 x 4+1-2 mm,
0-5 mm; 25 X1-5 mm, 0-5 mm. Scheuchzerio-Caricetea, ch (Table 5).

Carex caryophyllea Latourette type (Pl. IV). Two achenes without perigynia
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in 2 samples. Style base surrounded by white collar-like rim. The specimens
differ from typical fruits of C. caryophyllea in the greatest breadth being in the
middle instead of in the upper part. Size: 1-8 X1-1 and 1-3 x1-1 mm. Festuco-
Brometea, ch (Table 16).

Carex fusca Bell. et All. (C. nigra (L.) Reichard, P1. IV). 14 achenes without
and one with perigynium in 9 samples. Six of them are of typical shape, the rest
could also belong to C. gracilis Curt. Size of 10 fruits: 1-6 (1-4—2-1) X 1-09(0-85—
1-3) mm. C. fusca is a characteristic species of Scheuchzerio-Caricetea but it may
also oceur in wet meadows of the order Molinietalia (Zarzycki 1958). Its
occurrence in the material from the Wawel resembles other species of this order
(Fig. 8). Molinietalia (Table 14).

-Carex hirta L. type (Pl. IV). 26 achenes without, one with complete, and 3
with fragments of perigynia in 14 samples. Lateral sides of fruits with papillae
(Nilsson & Hjelmqvist 1967). C. lasiocarpa Ehrh. cannot be excluded. Size
of 9 achenes: 2-67(2-35—2-95) x1-51(1-3—1-8) mm, length of stipe 0-25(0-15—
0-33) mm. C. hirta is a chorocteristic species of Agropyro-Rumicion crispi, but it
also grows in wet meadows of the order Molinietalia (Zarzycki 1958) and is
here included in Molinio- Arrhenatheretea (Table 14) on the basis of its appearance
in sced diagram (Fig. 8).

Carex leporina L. (Pl. TV). 44 achenes without and 2 with perigynia in
13 samples. Achene surface highly lustrous. Lateral margins of perigynia flat,
winged (Berggren 1969). Size of 10 fruits 1-74 (1-55—2-0) X 0-89(0:55—1-0) mm.
Molinietalia (Table 14).

Carex sect. Muchlenbergianae Carey (Pl. IV). 17 achenes without and 2 with
perigynia in 15 samples from VIi, VIg, VIf, VIe,, VIe, and pit 1. Shape of
fruits as in C. contigua Hoppe, C. Pairaet F. Schultz, and C. divulsa Stokes.
Specimens with perigynium probably belong to C. Pairaei, because the basal
part of perigynium wall is not spongy. Size of 10 fruits: 2-13(1-95—2-4) .
X167 (1-4—1-85) mm.

Carex rostrata Stokes (Pl. IV). Two samples contained: 26 achenes in peri-
gynie, 9 empty perigynia, and 6 naked achenes. Size of 10 achenes: 1-6(1-25—
2:0) Xx1-21(0-95—1-4) mm. Size of 10 perigynia (without beak): 3-39(3-0—
3:75)x2-2(1-9—2-7T) mm. Phragmitetalia, ch (Table 5).

Carex vesicaria L. (Pl. IV). 29 perigynia, including one with achene, in
2 samples. Length of 10 perigynia: 5-87(5-4—6-5) mm, breadth of 8 perigynia:
-+ 2-1(1-8—2-6) mm. Size of achene: 2-0 X1-2 mm. Phragmitetalia, ch (Table 5).

Carex cf. vulpina L. (PL. IV). 19 perigynia with achenes in 2 samples. Size
of 6 perigynia (stipe and beak included): 4-63(4-1—4-9) xX1-97(1-6—2-3) mm.
Achenes with verrucae (Nilsson & Hjelmqvist 1967). Phragmitetalia, ch
(Table b).

Carex sp. 36 lenticular achenes (7 with perigynia) in 20 samples. 164 trigonous
achenes (one charred, 2 with perigynia) in 37 samples. 44 empty perigynia in
6 samples. Remains in all EM and LM layers except VIi. Pollen of Carex type
in all EM layers in amounts up to a few per cent.
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Cyperus flavescens L. (Pycreus flavescens (1.) Rehb., Pl. IV). One achene.
Lustrous surface covered with very delicate longitudinal striation. Transversal
wrinkles, characteristic of the species, not visible, but they may be absent also
in extant reference material (Sojak 1958). Length (including beak) 1-0, breadth
0-75 mm. Isoéto-Nanojuncetea, ch (Table 5).

Cyperus fuscus L. One achene, size: 0-9 X 0-55 mm. Isoéto- Nanojuncetea, ch
(Table 5).

Eriophorum angustifolium Honck. or E. latifolium Hoppe. One damaged
achene. Size: 2-8 x1-25 mm. Scheuchzerio-Caricetea, ch (Table 5).

Heleocharis palustris (L.) R. et S. (PL. IV). 69 achenes in 7 samples. 10 speci-
mens composed only of -- crumpled epidermis of pericarp, preserved with
fragments of | conical stylopodia separated from achenes by a constriction.
Two specimens with bristles. Specific determination of fruits preserved without
stylopodium uncertain. Epidermis of all specimens smooth (Strandhede 1966,
Zukowski 1965). Size of 10 achenes without stylopodium: 1-47(1-25—1-6)
X1-13(0-95—1-3) mm. Phragmitetalia, ch (Table 5).

Heleocharis sp. One unripe achene with the base of the stylopodium in VIf.
Phragmitetalia (Table b).

Scirpus silvaticus L. (Pl. IV). 174 achenes in 30 samples. Three specimens
with bristles. Size of 20 fruits: 0-95(0-7—1-15) X 0-63 (0-45—0-7) mm. In addition,
54 seeds in 5 samples. Seeds obovate, with broadly rounded apex and tapering
base. Epidermal cells large, polygonal. Similar seeds occur in other genera of
Cyperaceae having small fruits. Determination was possible because a few seeds
were found inside pericarp. Molinietalia, ch (Table 14).

Cyperaceae indet. Four achenes in 4 samples from VIe,, VIic—d, pit 1
and house 3.

Dipsacaceae

Knautia arvensis (L.) Coult. (Pl. III). Four and a half fruits in 3 samples.
Knautia silvatica (L.) Duby has relatively narrower and longer fruits, more
narrowed at the apex. Size: 3-95x2-05, 4:75 %23, 365 x1-9, 3-8 X185 mm.
A few pollen grains of Knautia sp. in VIe and VIe—d, Arrhenatheretalia
(Table 14).

Scabiosa sp. A few pollen grains. The occurrence of 8. ochroleuca L. or S. co-
lumbaria L. is most likely on the basi$ of their present day distribution. Both
species are characteristic of Festuco-Brometea (Table 16).

Succisa pratensis Mnch. Scattered pollen grains in all EM layers except
for VIj+i. Molinietalia, ch (Table 14).

Ericaceae

Calluna vulgaris (L.) Salisb. Small amount of pollen. Nardo-Callunetea, ch
- (Table 16). '

~ Vaccinium sp. A few pollen grains. Vaccinio-Piceetea, ch (Table 17).
Euphorbiaceae :
Euphorbia helwscopm L. 10 samples contained 3 complete and 6 h‘l,lve% of
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seeds. Size of 7 seeds: 2-11(1-9—2-3) X1-56(1-4—1-8) mm. Polygono-Cheno-
podietalia, ch (Table 11).

Euphorbia platyphyllos L. (Pl. V). Two seeds in 2 samples. Seeds broadly
ovate, dorso-ventrally flattened, on ventral side obliquely truncated at the
apex. Cha'ezal wart surrounded by circular rim (Serwatka 1972). Surface
smooth. Size: 2-2x1-7 and 2-1 xX1-7T mm. Onopordetalia (Table 10).

Lyphorbia sp. (PL. V). Two seeds in 2 samples from VI{ and pit 1. Scattered
pollen grains in VIe,, VIe and VIe—d.

Fagaceae

Fagus silvatica L. Two fragments of pericarp in one sample. Size of one fruit
valve: length 12-0 mm, breadth 7-0 mm. Pollen in all EM layers up to a few
percent of AP. Querco-Fagetea, ch (Table 17).

Quercus sp. Three leaf fragments in 3 samples. One cupula and 2 fragments
of acorns in 3 supplementary samples. Four pieces of charcoal and 5 of wood
in the basket. The other 15 samples econtained 15 pieces of wood from
different elements of wooden structures (laths, dowels, posts) and from wooden

objects (Table 3). Pollen in all EM layers up to a few per cent of AP. Various
forests (Table 17). :

Gentianaceae

Gentiana prneumonanthe L. type. Scattered pollen grains. Molinietalin
(Table 14). '

Geraniaceae

Geranium cf. silvaticum L. (Pl. V). One seed slightly swollen (roasted?),
only fragments of testa preserved. Outline oval, both ends rounded. Chalazal
disc circular, flat, length of raphe -+ equals half the seed length. Indistinct
reticulum on the surface of testa (Tokarski 1972). Length of seed 2-9 mm,
breadth --1-9 mm, thickness 1-8 mm, length/breadth ratio --1-52. Molinio-
Arrhenatheretea (Table 14). ‘

Geranium sp. A few pollen grains in all EM layers except for VIj4i.

Gramineae :

Agropyron repens (L.) P. B. (P1. V). Two charred grains in 2 samples. Breadth
and thickness of caryopsis - uniform along its whole length. Hilum long, reaches.
the apex of grain. On the surface longitudinal rows of transversally elongated
cells. Size of grains: 3-15x ?x0-85 mm and 3-15x1-15x1-00 mm. Two
macerated grain coats found in one sample probably belong to the same species.
Their size is: 4-53 X 1-55 and 50 X 19 mm. Potentillo-Polygonetalia, ch (Table 10).

Avena sativa L. (Pl. V). Eight uncharred, macerated grains with lemma and
palea in 4 samples. Elongated cells of pericarp arranged in groups (Korber-
Grohne 1964). Size (base of lemma included): 9-2 x 3-3, 8:7xX3-0, 6:6 X2-3 mm.
Cultivated plant (Table 18).

Avena sp (Pl. V). Five macerated uncharred grains in 3 samples, 8 charred
naked grains in 8 samples. Size of 2 uncharred specimens: 5-8 X2-1 and 6-9
%X 2-b mm. Size of 8 charred grains: 5-:32(4:6—6-4) Xx2-11(1:9—2:5) X 1-75(1-3—
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2-56) mm. Two carbonized grains in 2 supplementary samples from VIf and Va.

Pollen in VIe,/VIe, VIe, and VIc—d. Probably cultivated (Table 18).
Bromus secalinus L. (Pl. V). One and a half charred grains in one sample.

Size: 5:7X1:7x14 and 52 x2:0x1-0 mm. Centauretalia, ch (Table 11).

Bromus sp. 14 macerated grains in 7 samples from VIe, pit 1, and the basket.
Elongated thick-walled cells of pericarp at the apex 4- parallel to the margin of
caryopsis (Korber-Grohne 1964). Size of 7 grains: 5-88(5-2—6-8) x2-18(1-8—
2-4) mm.

Digitaria ischaemum (Schreb.) Muehlenb. (P1. V). One charred grain, naked.
Relatively shorter and broader than grains of D. sanguinalis. Embryo short,
hilum oval. Size: 1:2 X0:8 X0:5 mm. Polygono-Chenopodietalia, ch (Table 11).

Digitaria sanguinalis (L.) Scop. (Pl. V). Four samples contained: 6 uncharred
empty spikelets with almost complete lemma and palea end fragments of glumes,
one charred grain with fragments of lemma and palea. Size of 6 uncharred
spikelets: 2-71(2-25—2-9) X 0-87(0-8—1-05) mm. Size of grain: 2-2 x0-7 mm.
Polygono-Chenopodietalia, ch (Table 11).

Echinochloa crus-galli (L.) P. B. (Pl. VI). The following specimens were found
in 27 samples: 1) uncharred — 265 spikelets composed of almost complete lemma
and palea but without glumes and grains, 8 detached lemmas and paleas, one
spikelet with the remnants of glumes and spikelet base, one naked grain;
2) charred — 25 naked grains, 8 grains with fragments of lemma or palea, one
spikelet with glume remnants at the apex. Size of 10 charred grains: 1-61(1-25 —
2-:05) X1-:30(1-15—1-55) x1-03(0-9—1-2) mm. Size of 10 uncharred spikelets:
2-35(2-:1—2:65) X 1:54(1-35—2:3) X 1-07(0-95—1-25) mm. Polygono-Chenopodieta-
lia, ch (Table 11). :

cf. Festuca pratensis Huds. (P1. V). One charred grain, naked. Size: 2-4 x1-1
X 0-9 mm. Molinio-Arrhenatheretea, ch (Table 14).

Hordeum vulgare L. Two samples contained: one hulled grain, charred, and
3 uncharred fragments of ear rachis of a naked, six-row form. One charred grain
in & supplementary sample from VIf. A few pollen grains of Hordeum type
in VIj+i, VIf, VIe, and VIc—d. Cultivated plant (Table 18).

Panicum miliaceum L. (Pl. VI). Remains of millet were most common of all
plant remains from the Wawel. They were found in 45 samples subjected to
detailed studies. Uncharred remains: 863 spikelets in 27 samples, about 2550
detached lemmas and paleas in 26 samples. Charred remains: 344 naked grains
in 35 samples, 34 grains with fragments of lemma or palea in 12 samples, 7 frag-
ments of lemma or palea in 7 samples. Many samples contained large numbers
of small palea and lemma fragments but only complete or almost complete
specimens were counted. Due to their light brownish or yellowish colour, they
were casily recognized during field work and many supplementary samples
containing millet were collected by excavators. 34 of these samples were pre-
liminary checked for the presence of Panicum, with the folllowing result:
layer VIf — 3 samples containing lumps of charred grains with remnants of

lemmas and paleas, 3 samples of uncharred spikelets, one sample with mixed
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charred and uncharred specimens, 2 samples of charred wheat with a small

amount of charred millet
layer VIe — 21 samples of uncharred spikelets, sometimes with an admixture

of charred grains (3 samples connected with house 3)
transitional layer VIe/VIec—d — 2 samples of uncharred spikelets
layer VIe—d — one sample of charred grains (house 2)
layer VIb — one sample of uncharred spikelets

Uncharred spikelets, composed of lemma and palea, are empty or contain
remains of pericarp with hilum visible at the lower end. Surface of well preserved
lemma or palea is smooth and highly lustrous, without traces of transversal
wrinkles characteristic of Setaria italica (L.) P. B. convar. maohria (Alef.)
Korn. Only specimens with damaged outer layer are rough. The surface of all
specimens of palea is not differentiated in the central and marginal parts, as is
the case in 8. dtalica convar. moharia and eonvar. maxima (Alef.) Korn. (Scholz
1960).

Charred grains have short and broad embryo and roundish hilum. Shape of
grains variable. Size of 35 uncharred spikelets: 2-96(2:-7—3:4) xX1-98(1:6 —2-3)
x1-37(1-1—1-7) mm. Size of 10 charred grains: 1-86(1-45—2-35) X 1-51(1-15—
1-65) X 1-29(0-95—1-7) mm. Cultivated plant (Table 18).

Phleum pratense L. (Pl. V). One macerated grain, laterally compressed.
Length 1-25 mm, thickness 095 mm. Arrhenatheretalia (Table 14).

Poa sp. (PL. V). Two charred grains in one sample from VIe/VIe¢—d. Lemma
and palea partly preserved. Lemma with 5 nerves (3 of them pronounced),
laterally compressed at the base. Size of one grain: 1-2 X 0-5 X 0-45 mm.

Secale cereale L. (P1. V). 19 samples contained: 210 complete and 6 fragments
of charred grains, 3 uncharred fragments of ear rachis, and one uncharred macer-
ated grain with transversal cells visible. Size of 10 charred grains: 5-87(5-0—7-0)
X 2-18(1-8—26) X 2-08(1-7—2-5) mm. Charred grains also present as admixture
in 5 supplementary samples from VIf and VIe. Fairly large amount of pollen
in all EM layers (2—49, of AP+ NAP) with the maximum of 269%, in VIj4-i.
Cultivated plant (Table 18).

Setaria glauca (L.) P. B. (Pl. VI). 31 samples contained: 826 spikelets, about
100 detached lemmas and paleas, 8 naked grains, all uncharred, and 12 charred
graing, naked or with remnants of lemmsa and palea. Size of 20 spikelets:
2:95(2:6—3-2) X 1-87(1-7—2-1) x1-24 (1-1—1-4) mm. Polygono-Chenopodietalia,
ch (Table 11). :

Setaria viridis (L.) P. B. or 8. verticillata (1..) P. B. (Pl. VI). 27 samples
contained: uncharred — 324 spikelets and 49 detached lemamas and paleas;
charred — 13 naked grains, 11 grains with fragments of lemma and palea, one
detached lemma, 2 spikelets with remnants of glumes. No marked differences
between these two species were observed. In Poland 8. viridis is more common
as a weed. Size of 10 spikelets: 2-11(1-95—2-3) X1-20(1-1—1-4) X 0:76(0-6—
0-85) mm. Size of 7 charred grains: 1:41(1-2—1-6) X1-10(0-9—1-35) X 0-77(0-5 —
1-15) mm. Polygono-Chenopodietalia, ch (Table 11).

3 — Acta Palaeobotanica XIX/2
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"~ Triticum aestioum L. s.1. (Pl. V). 118 complete and 11 fragments of charred
grains in 26 samples. Most grains of intermediate shape between vulgare and
compactum types. Size of 50 grains: 4-55(2:72—5:63) X 2:91(1-63-—3-92)
% 2-32(1-35—3-16) mm, length/breadth ratio 156 (111—196), thickness/breadth
ratio 79 (57—93). One grain found separately is narrower and longer, similar in
shape to T. aestivum L. s. str. (I. vulgare Vill.). Its dimensions are: 7-9 X 2-535
x2-1 mm, L/B 309, T/B 82.

Three supplementary samples from VIe and two samples from VIf contained
small amount of charred grains, the species dominated in two other samples
of charred grain from VIf. Cultivated plant (Table 10).

Triticum sp. 10 macerated uncharred grains in 3 samples. Transversal cells
of pericarp with triangular thickenings at the corners and with pits typical
of the genus (Korber-Grohne 1964). One uncharred glume basis of a spelt
wheat with ring-like thickening at the base. Large amount of pollen in all
EM layers (3—109,), maximum 239%, of AP+ NAP in VIj--i. Cultivated plant
(Table 18).

Cerealia indet. One complete and 59 fragments of charred grains in 4 samples. .
39 complete and 13 fragments of uncharred macerated grains in 3 samples.
Cultivated plant (Table 18).

Paniceae indet. Three charred grains and one fragment of uncharred spikelet
in 3 samples from VIf, VIe,, and VIe.

Gramineae indet. 28 samples from all EM and LM layers (except for VIj
and VIi) contained: 430 uncharred macerated grains (4 with lemma and palea)
and 26 charred grains (2 with lemma and palea). Most of uncharred grains
(428 specimens) were found in 2 LM samples from Vb. Large amount of pollen
in all EM layers (22—559%, of AP+ NAP).

Guttiferae

Hypericum cf. acutum Mnch. (H. tetrapterum Fries.). 78 seeds in 13 samples.
At least some of the testa cells broader than in seeds of H. maculatum. The
difference between seeds of these two species is not distinet. On the basis of
seed morphology H. montanum L., a rare species in Poland, cannot be excluded.
Size of 10 seeds: 0:79(0:65—0-9) x0-32(0-27—0-37) mm. Molinietalia, ch
(Table 14).

Hypericum cf. maculatum Cr. 11 seeds in 5 samples. Cells of testa very narrow.
Size of 8 seeds: 0:72(0:6 —0-77) X 0-:30(0-30—0-32) mm. Molinio- Arrhenathereten
(Table 14). . '

Hypericum perforatum L. 109 seeds in 26 samples. Size of 15 seeds: 1-03(0-9 —
1:1) X 0-4(0-4—0-4) mm. Arrhenatheretalia (Table 14).

Hypericum sp. Two seeds in one sample from VIf.
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Iridaceae '
Iris sp. One pollen grain in Vlig.

Juglandaceae
Juglans regia L. Few pollen grains in VIg, VIe,/VIe, and VIe. Cultiv wtod
plant (Table 18).

Juncaceae '

Juncus cf. bufonius L. 17 seeds in 6 samples. Seeds relatively broad, with both
ends rounded, small warts on one end. Epidermal cells small, all cell walls
of 4+ the same thickness (Korber-Grohne 1964). Size of 10 seeds: 0-49(0-45 —
0-55) X 0-32(0-27—0-42) mm. Isoéto-Nanojuncetea, ch (Table 5).

Juncus sp. Over 600 seeds in 24 samples from all EM and LM layers with the
exception of VIe,. One damaged capsule with seeds.

Luzula cf. multiflora (Retz.) Lej. (Pl. VII). 19 seeds and one capsule in
4 samples. Seeds rounded at both ends. Surface covered with distinet net of
4—6 sided cells arranged in longitudinal rows. Very similar seeds of L. cam-
pestris (L.) DC. are slightly smaller and have smaller cells on the surface of testa.
Size of 13 seeds: 1-19(1-05—1-35) X 0-87(0-7—1-0) mm. Molinio- Arrhenatheretea
(Table 14).

Luzula cf. nemorosa (Poll.) E. Mey. (Pl. VII). One seed. Outline narrow-oval,
both ends slightly narrowed, indistinct net pattern on the surface. Size: 0-95
X 0-6 mm. Various forests (Table 17).

Luzula sp. 21 seeds in 11 samples from VIi, VIe,, VIe, VIe/VI¢c—d, VId,
pit 1, and the basket. :

Labiatae

Ajuga ef. reptans L. Two nutlets in 2 samples. No marked features dif-
ferentiating extant seeds of A. reptans from A. genevensis L. were found. Size:
2-2 x1-35 and 1-9 X1-3 mm. Carpinion (Table 17).

Ballota nigra L. (Pl. VII). Six nutlets in 5 samples (Wojciechowska 1966).
Size of 4 fruits: 1-7x0-95, 2-056 xX1-2, 1.-85 x1-1, 1-95 X 0-9 mm. Onopordetalia, ch
(Table 10).

Betonica officinalis L. (Stachys officinalis (L.) Trevisan, Pl. VII). Seven
nutlets, including 4 without outer layer of pericarp, in 4 samples. Remnants
of wing preserved at the apex. Size of 5 fruits: 2-55 x1-15, 2-7 x1-35, 2-1 X 1-65,

2-25 X1-25, 2-8 X2-0 mm. Arrhenatheretalia (Table 14).

Chaiturus marrubiastrum (1..) Rehb, (Leonurus marrubiastrum L., Pl VII)
Three nutlets in 2 samples. Apex triangular, surrounded by distinet r1m Fruits
relatively narrower than similar fruits of Leonurus cardiaca L. Size of 2 fruits:
1-9 X 0-9 mm, breadth/length ratio 0-47 and 1-8 X 0-8 mm, breadth/length ratio
0-50 (Wojeiechowska 1972). Onopordetalia (Table 10).

Galeopsis cf. angustifolia Ehrh. (Pl. VII). Twelve nutlets in one sample.
Smaller and narrower than nutlets of G. ladanum. Size of 10 fruits: 2-15(1-9—
2-25) X 1-26 (1-05—1-45) mm. Characteristic species of the elass Thlaspeelea,

3*
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near Cracow probably grew as field weed (Trzcinska-Tacik & Wieserowa
1976). Secali-Violetalia (Table 11).

Galeopsis cf. ladanum L. (PL. VII). 46 nutlets in 5 samples. Fruits larger and
broader than fruits of G. angustifolia, slightly smaller, narrower and with smaller
attachement scar than in @. tetrahit type. Size of 10 fruits: 2-42(2-2—2-55)
% 1-60(1-55—1-75) mm. Characteristic species of Thlaspeetea is included here
in Secali-Violetalia on the same basis as G. angustifolia (Table 11).

Galeopsis ladanum L. type. 11 nutlets in 4 samples. Size and shape intermediate
between G. ladanum and G. angustifolia. Size of 10 fruits: 2-20(2-1—2-35)
x1-32(1-1—1-5) mm. Secali-Violetalia (Table 11).

Galeopsis pubescens Bess. 21 nutlets in 4 samples. Size of 10 fruits: 2-63(2-45 —
2-80) X 2:24(2-:05—2-50) mm. Onopordetalia, ch (Table 10).

Galeopsis cf. speciosa Mill. Seven nutlets in 3 samples. Size of 6 fruits:
3-27(2:8 —3-5) X 2-6 (2-4—3-0) mm. Rudero-Secalietea, ch (Table 11).

Galeopsis tetrahit L. 136 nutlets in 16 samples. Size of 10 fruits: 2-79(2-60 —
3-10) X 2-7(1-90—2-25) mm. Characteristic species of Rudero-Secalietea, at present

~a common field weed, frequently found in subfossil samples of cereal grain, fruit
curve from the Wawel similar to the curves for other weeds. Secali-Violetalia
(Table 11). '

Galeopsis tetrahit L. type. 127 nutlets (2 charred) and one seed in 23 samples.
The type includes G. tetrahit, G. pubescens, G. speciosa, and @. bifida Boenn.
(for description see Wieserowa, in print). Secali-Violetalia (Table 11).

Lamium cf. album L. (Pl. VII). Eight nutlets in 3 samples. Outer surface
damaged, basal appendage not preserved. Fruit base gradually tapering.
Size of 8 fruits: 2-06(1-756—2-40) xX1-24(1-20—1-30) mm. Onopordetalia, ch
(Table 10). :

Lamium purpureum L. (Pl. VII). One nutlet with abruptly tapering base.
Surface irregularly verrucose. Size: 2-:05 X 1-25 mm. Polygono-Chenopodietalia, ch
(Table 11).

Lycopus europaeus L. 33 nutlets in 9 samples. Size of 10 fruits: 1-34(1-20 —
1-535) X 094 (0-80—1-05) mm. Alnetca glutinosae, ch (Table 17).

Marrubium vulgare 1i. (Pl. VII). Three nutlets in 3 samples. Outline narrow
oval, surface covered with small cells forming reticulate pattern and with
irregularly distributed thick warts. Size: 1-8 xX1-0, 2-0 X 0-95, 1-85 X 1:05 mm.
Onopordetalia, ch (Table 10).

Mentha cf. arvensis L. (Pl. VII). 32 nutlets in 12 samples Size of 10 fruits:
0-84(0-65—0-97) X 0-55(0-37—0-70) mm. Salicion (Table 17).

Mentha sp. 51 nutlets in 16 samples from all EM layers. Pollen of Mentha
type in all EM layers.

Nepeta cataria L. (Pl. VII). Nine nutlets in 8 samples. Size of 7 fruits:
1:5(1-3—1-65) X 1-03(0-95—2-15) mm. Onopordetalia, ch (Table 10).

Nepeta cf. nuda L. (Pl. VII). One nutlet without outer layer of pericarp.
It differs from N. cataria in distinct ventral edge and gradually tapering apex.
Size: 1-45 X 1-1 mm. Festuco-Brometea (Table 16).
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Prunella vulgaris L. 42 nutlets in 13 samples. Size of 10 fruits: 1-72(1-5—2-0)
x1:04(0-9—1-25) mm. Molinio-Arrhenatheretea, ch (Table 14).

Salvia cf. nemorosa L. (Pl. VII). Eight nutlets in 4 samples. Size of 7 fruits:
1-62(1-5—1-75) X 1-29 (1-2—1-4) mm. Festuco-Brometea, ch (Table 16).

Salvia cf. pratensis L. (P1. VII). Three nutlets in 2 samples. Size: 1-8 X 1-3,
1-5x1-3, 1-65 x1-65 mm. Festuco-Brometea, ch (Table 16).

Salvia verticillata L. (Pl. VII). Six nutlets in 4 samples. Size of 6 fruits:
1-69(1-5—1-85) X 1-07(0-85—1-25) mm. Festuco-Brometea, ch (Table 16).

Stachys annua L. (Pl. VII). 19 and a half nutlets in 12 samples. Size of
10 fruits: 1-83(1:65—2-0) Xx1:56 (1-5—1-63) mm. Centauretalia, ch (Table 11).

Stachys palustris L. (Pl. VII). 64 nutlets in 22 samples. Size of 10 fruits:
2-15(1-9—24) x1:49(1-2—1-7) mm. Molinietalia, ch (Table 14).

Stachys recta L. (PL. V). 26 nutlets in 3 samples. Size of 10 fruits: 2-12(1-9 —
2:4) X 1-55(1-25—1-70) mm. Festuco-Brometea, ch (Table 16).

Stachys silvatica L. (Pl. VII). One nutlet. Size: 1-75 X 1-4 mm. Alno-Padion,
ch (Table 17).

Stachys sp. Two nutlets in 2 samples from VIf and VIc—d. Pollen of Stachys
type in all EM layers.

Teucrium sp. A few pollen grains in VIc—d.

Labiatae indet. 20 samples from VIg, VIf, VIe,, VIe, VIc—d, VIc—d/VIb,

Vb, pit 1, house 3, and the basket contained 86 nutlets (one charred) and
2 calyces,

Liliaceae

Allium sp. Small amount of pollen in VIg, VIe, and VIc—d.

Amnthericum sp. Pollen in all EM layers. At present A. ramosum L. is a common
species characteristic of Festuco-Brometea, A. liliago L. occurs very rarely on
dry slopes. Festuco-Brometea, ch (Table 16).

Linaceae

Linum catharticum L. Three seeds in 3 samples. Size of 2 seeds: 1-1x0-65
and 1-1X0-65 mm. Molinio- Arrhenatheretea (Table 14).

Linum usitatissimum L. (Pl. VII). Bight samples contained: 24 complete
seeds, 8 seed fragments, and 8 fragments of capsules. Size of 18 seeds (soaked
with glycerine): 4-07(3-4—4-5) x2:42(2-1—2-75) mm. Seeds and capsules in
2 supplementary samples from VIf and VIe. A few pollen grains in VIg and
VIce—d. Cultivated plant (Table 18).

Loranthaceae

Viscum sp. Scattered pollen grains in all EM lajrers with the exception
of VIf. *

Lythraceae

Lythrum cf. salicaria L. (P1. VII). 81 seeds (one charred) in 15 samples. Surface
of several sceds papillose. Similar papillae appear on extant seeds after short
boiling with 109%, KOH. On the basis of seed morphology, L. virgatum L.,
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& rare species in Poland, is also possible. Size of 10 seeds: 0-98(0:80—1-02)
X 0:50(0-42—0-57) mm. Pollen of Lythrum sp. in layers from VIg to VIec-d.
Molinietalia, ch (Table 14).

Malvaceae S

Lavatera thuringiaca L. (P1. VII). Eight seeds in 7 samples, one specimen with
remnants of pericarp. Seeds reniform, longer than broad, dorsal side rounded,
not separated by an edge from lateral sides. Seed surface almost smooth,
pericarp without ribs. They differ from similar seeds of Althaea officinalis 1.
in larger size and relatively deeper and narrower depression with hilum. Size
of 7 seeds: 2-60(2:35—2-9) X 2-1(1-8—2-4) mm. Festuco-Brometea (Table 16).

Malva alcea L. or M. moschata L. (Pl. VII). One seed partly charred, with
broken testa, in VIe—d. Depression with hilum small and narrow, no edge
between dorsal and lateral sides, seed surface smooth. Size: 2-1 x1-8 mm.

Malva cf. crispa L. (Pl. VII). Three seeds in 2 samples. Seeds 4 as broad
as long. Dorsal side slightly flattened, separated by blunt edge from flat lateral
sides. Surface covered with delicate wrinkles. Size: 2-35 x 2:35, 2:55 x 2-35,
2:4 X 2:3 mm. Onopordetalia, ch (Table 10).

Malva silvestris L. Five samples contained: 7 seeds, 2 mericarps with seeds,
and 2 empty mericarps. Seeds relatively short and broad, often broader than
long, dorsal and lateral sides flat, separated from each other by distinet edge.
Surface with distinct wrinckling. Mericarps with thick, prominent net on
dorsal side and sharp edge between dorsal and lateral sides, not winged. Size
of 7 seeds: 1-53(1:25—2-1) X 1-72(1-4—2-2) mm. Onopordetalia, ¢ch (Table 10)

Menyanthaceae
- Menyanthes trifoliata L. Small amount of pollen in VIg, VIe, and VIc—d.
Scheuchzerio-Caricetea, ch (Table 5).

Oenotheraceae
Chamaenerion sp. One pollen grain in VIf.
Epilobium sp. 43 seeds in 5 samples from VIe—d, Vb, and pit 1.

Oleaceae .
Fraxinus excelsior 1.. Small amount of pollen in VIj+i, VIg, VIe, and
VIce—d. Alno-Padion (Table 17).

Papaveraceae

Chelidonium maius L. Two fragments of seeds in one sample from VIa.
Onopordetalia, ch (Table 10).

Fumaria officinalis L. (Pl. VII). Four fruits in 3 samples. Fruits preserved
without outer layer of pericarp, oval in outline, broader than long, similar
to fruits of ssp. officinalis (Zajac 1974). Size of 3 fruits (length X breadth):
19X 23, 195X 2+4, 2:0 X 2:35 mm. Polygono-Chenopodietalia, ch (Table 11).

Papaver rhoeas L. type (Pl. VII). Five seeds in 3 samples. The type includes
P. rhoeas, P. dubium L., and P. strigosum (Boenn.) Schur. Size: 0-7 X 0-5,
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0:7x 0-53, 0-7x 0-5, 0:8x 0-55, 0:6d x 0-4 mm. P. rhoeas is a characteristic
species of Centauretalia, P. dubium and P strigosum may also oceur as weeds.
Secali-Violetalia (Table 11). ‘

Papaver somniferum L. One seed, size: 1-3X1-05 mm. Cultivated plant
(Table 18).

Papaver type. Pollen in layers from VIg to VIe—d.

Papilionaceae

Coronilla varia L. (P1. VIIT). One seed, charred. Size: 3:2 X 1-1 mm. Festuco-
Brometea (Table 16). .

Lathyrus sp. Small amount of pollen in VIe and VIe—d.

“Lens esculenta Moench. (Lens culinaris Medicus, Pl. VIII). Three charred
seeds in 2 samples. Size: 29X 2-8x1:7, 26 X2:2x20, 29X 2:6X2-2 mm.
Seed size approaches the smallest dimensions given by Barulina (1930) for
L. esculenta Moench. var. mwrospmma (Baumg.) Barulina. Cultivated plant
(Table 18).

- Medicago lupulina L. (Pl. VIII). One remform legume. SIZO 2-:3 X1-1 mm.
Potentillo-Polygonetalia (Table 10).

cf. Pisum sativum L. Four and a half seeds in 5 samples, cha.rred Wlthout
testa. Diameter of 3 seeds: 4-9, 5-3, 5-0 mm. Besides, charred seeds in 2 sup-
plementary samples from VIf together with charred cereals and in 3 samples
from Va. Cultivated plant (Table 18).

Trifolium arvense L. type. Pollen in all BM layers. Sedo- Sclem'nthetea,
ch (Table 16).

“Trifolium pratense L. type. Pollen in layers from VIg to VIe—d. Molinio-
Arrhenatheretea, ch (Table 14).

-Trifolium cf. repens L. (Pl. VIII). Two seeds in 2 samples (one charred).
Size: charred specimen 0-85x 0-7 mm, uncharred specimen 1-15 X 0-8 mm.
Arrhenatheretalia, ¢h (Table 14).

- Vicia sp. One charred and one uncharred seeds in 2 samples from pit 1.
Charred seed has diameters2-5 X 2-3 mm, hilum short. Size of uncharred seed
21 x1-8 mm, hilum long equals +1/4 to 1/5 of seed circumference.

Viecia type. Four almost complete seeds (2 charred) and 8 charred fragments
in 9 samples from VIg, VIf, VIe,, VIc—d, pit 1, and the basket. All specimens
without testa. They may belong to Vicia, Pisum or Lens. Pollen of Vicia type
in layers from VIg to VIe—d.

Papitionaceae indet. Three seeds (one charred) in 3 samples from VIf,
house 3, and pit 1. Pollen in layers from VIg to VIe—d.

- Plantaginaceae .
Plantago lanceolata 1.. (Pl. VII). Two seeds in 2 samples. Size 2:3 X1-2 and
21 xX1-:0 mm. Pollen in all EM layers. Molinio- Arrhenatheretea, ch (Table 14).
Plantago maior L. 14 seeds in 4 samples. Size of 10 seeds: 1-45(1-1—1-7) X
x 0:83(0:6—1-0) mm. Pollen in all EM layers. Potentillo-Polygonetalia, ch
(Table 10).
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Plantago media L. Pollen in all EM layers except for VIf. Festuco- Brometea,
ch (Table 16).

Plantago pauciflora Gilib. (P. major L. subsp. intermedia (DC) Arcangeli).
One pollen grain in VIe/VIe,. Isoéto-Nanojuncetea, ch. (Table 5).

Polygalaceae
Polygala sp. A few pollen grains in VIg and VIe.

Polygonaceae

Fagopyrum sp. Seven pollen grains in VI¢c—d. Cultivated plant (Table 18).

Polygonum aviculare L. 160 fruits in 22 samples. Size of 20 fruits: 2-46
(1-9—3+4) X 1-40(0-9—2-1) mm. Pollen in all EM layers. Potentillo- Polygonetalia,
ch (Table 10). '

Polygonum cf. bistorta L. Scattered pollen grains in all EM layers.
Molinietalia, ch (Table 14).

Polygonum convolvulus L. (Bilderdykia convolvulus (L.) Dumort). 546 com-
plete and 45 fragments of fruits (7 fruits charred) in 35 samples. A few specimens
with perianth. 19 trigonous seeds (2 charred) probably belong also to this
species. Size of 20 fruits: 3-30(3-1—4-0) X 2-2(1-8—2-6) mm. Pollen in VIe
and VIe—d. Secali-Violetalia, ch (Table 11).

Polygonum dumetorum L. (Bilderdykia dumetorum (L.) Dumort). One fruit
with lustrous surface. Size: 39 X 21 mm. Characteristic species of Convolvule-
talia sepium, here included in Salicion, where it may have grown on natural
habitats (Table 17).

Polygonum hydropiper L. Seven fruits with reticulate sculpture in 4 sa,mples
Size of one fruit: 3:0 X 16 mm. Bidentetalia, ch (Table 5).

Polygonum minus Huds. One fruit, size: 1-9 X1-4 mm. Polygono-Cheno-
podietalia, ch (Table 11).

Polygonum lapathifolium L. s.1. 48 complete fruits and 26 halves in 13
samples. They may belong to P. nodosum or P. tomentosum. Rudero-Secalietea,
h (Table 11).

Polygonum nodosum Pers. 25 complete and 13 halves of fruits in 6 samples.
Size of 10 fruits: 2-13(1-75—2-50) x1-68(1-:35—1-85) mm. Bidentetalia, ch
(Table 5).

Polygonum persicaria L. 392 complete fruits (2 charred) and 20 halves
in 26 samples. Four fruits trigonous, others lenticular. Size of 35 fruits:
2-45(2-1—2-8) x 1-85(1-4—2-0) mm. Pollen in all EM layers. Rudem Secahefea,
ch (Table 11). .

Polygonum tomentosum Schrk. 32 complete and 8 halves of fruits in 12
samples. Size of 10 fruits: 2-21(1-95—2-35) X 2-01.(1-85—2-25) mm. Polygono-
Chenopodietalia, ch (Table 11).

Polygonum sp. 24 samples contained: 69 complete (one charred) and
31 halves of lenticular fruits, 5 trigonous fruits, and 11 trigonous seeds. In all
EM and LM layers with the exception of VIj.
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Rumex acetosa 1. Pollen in all EM layers. Molinio- Arrhenatheretea, ch
(Table 14).

Rumex acetosella Li. type. Pollen in all EM layers. It may represent E. tenui-
folius (Walir.) A. Liove. Sedo-Scleranthetea, ch (Table 16).

Rumex erispus L. 20 fruits and 17 perianths (some with fruits) in 12 samples.
Size of 10 fruits: 1-94(1-7—2:25) x1-22(1-05—1-35) mm. Scattered pollen grains.
in VIe/VIe—d and VIe—d. Characteristic species of Potentillo-Polygonetalia.
(Agropyro- Rumicion crispi), here included in Molinio- Arrhenatheretea (Table 14)
on the basis of the occurrence of its fruits in the diagram (Fig. 8).

Rumex cf. maritimus L. (Pl. VII). One fruit, spindle-shaped in outline,
edges sharp. Similar fruits of R. paluster Sm. are pear-shaped (Marck 1954).
Size 1-25 X 060 mm. Bidentetalia, ch (Table 5).

Rumex obtusifolius L. 37 fruits and 5 perianths in 13 samples. Size of one
perianth: approximate length and breadth of valves 2-8x 2-0, 2:4x 21, and
29X 2-0 mm, length and breadth of tubercles 1-8x0-8, 1-4x0-4, and
1:6 X 0-8 mm. Size of 10 fruits: 2-42(2:2—2-8) x 1-41(1-1—1-6) mm. Onopordetalia,
ch (Table 10).

Rumex tenuifolius (Wallr.) A. Love. 115 fruits (one charred) in 28 samples.
Size of 100 fruits: 0-96(0:65—1-2) X 0-74(0:60—0-95) mm (Fig. 7). According
- to Rechinger (1964) the length of extant fruits of R. acetosella L. s. str. is
1-3—1-5 mm and of R. tenuifolius 0-9—1-3 mm. Today R. tenuifolius is very

/s
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Fig. 7. Length of the early medieval fruits of Rumex lenuifolius from the Wawel Hill
Rye. 7. Dlugoéé wezesnosredniowiecznych owockéw Rumex tenuifolius ze Wzgorza Wawelskiego:

seldom found in the surroundings of Cracow, in the opinion of H. Trzei nska-
Tacik based on the review of herbarium material (oral information). In sub-
fossil materials from Poland the species was not distinguished from R. aceto-
sella L., which was described from 17 archaeological sites (2 from Hallstatt,
one from Roman, and 14 from carly medieval times). The length of fruits is
given only for a few specimens from 4 localities: 0-8—1:05 mm (4 fruits from
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Hallstatt time, Biskupin, Jaron 1938), 0-95 mm (one fruit from carly Roman
time, Wasosz Goérny, Orlicz 1967), 1-2 mm (one fruit from 8th century A.D.,
Gniezno, Jaron 1939), 0-8 mm (a few fruits from the 10th century A.D.,
Poznani, Moldenhawer 1939). All these dimensions point to the presence
of R. tenuwifolius. Larger fruits were found by Wieserowa (in print) in EM
and LM layers (12/13th to 14th century) from the Main Market Square in
Cracow. Their length 0-8 —1-4 mm (100 measurements) indicates that probably
both species were present and R. tenuifolius predominated.

R. tenwifolius was described by Knoérzer (1970) from Roman sites near
Neuss and at that time — in his opinion — the species must have been more
-common in this area than today. Sedo-Scleranthetea, ch (Table 16).

Rumex sp. Seven fruits in 3 samples from VIg, VIe, and pit 1.

Potamogetonaceae
Potamogeton sp. Scattered pollen grains in all EM layers with the exception
of VIe—d. Potametea (Table 5).

Primulaceae

Anagallis sp. 12 seeds in 8 samples. Size of 10 seeds: 1-12(1-0—1-25) X
X 0:82(1-256—1-4) mm. Both species oceurring in Poland, A. arvensis L. and
A. coerulea Schreb., are field weeds, A. arvensis is a characteristic species of
Secali-Violetalia (Table 11).

Lysimachia vulgaris L. Four seeds in 3 samples. Size: 1-0 X 06, 1-4 x1-15,
1-2x0-85, 1-3x0-9 mm. Pollen of Lysimachia sp. in VIg, VIe,/VIe, and
VIce—d. Molinietalia, ch (Table 14).

Primula sp. (Pl. VII). Four seeds (one charred) in 4 samples from VIe,,
VIe—d, and pit 1. Size: 1-45 x1-2, 1:35 x1:2, 1-2x1:0, 1:3 X 0-8 mm.

Primulaceae indet. One charred seed in pit 1. Size: 1-2 X 0-95 mm.

Ranunculaceae P

Batrachium sp. One achene. Pollen in VIg and VIe. Potametea (Table 5).

Caltha palustris L. s.1. Two seeds in 2 samples. Size of one seed: 2-:35 X
X1-05 mm. Pollen of Caltha type in VIg and VIe,. Molinietalia, ch (Table 14).

Consolida regalis S. F. Gray. Pollen grains in VIj+1i and VIg. Centauretalia,
«<h (Table 11).

Nigella arvensis L. Scattered pollen graing in VIg, VIe, and VIe—d.
Centauretalia, ch (Table 11).

Nigella sativa L. Scattered pollen grains in VIe and VIe—d. Cultivated
plant (Table 18).

Ranunculus acer L. 45 complete and one half of achene in 12 samples. Size
-of 10 specimens: 1-87 (1-45—2-1) X 1-50(1-15—1-8) mm. Molinio- Arrhenatheretea,
ch (Table 14).

Ranunculus arvensis L. Scattered pollen grains in all EM layers, except
for VIj+i. Centauretalia, ch (Table 11).

Ranunculus flammula L. Four achenes in 2 samples. Size: 1-4 x1-1, 1-3 X1-1,
1-1x0-7, 1-45 X 0-95 mam. Scheuchzerio-Caricetea, ch (Table 5).
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Ranunculus repens L. 281 complete and 4 halves of achenes in 18 samples.
Size of 20 fryits: 2:35(1-9—2-7) X 1-82 (1-4-—2-2) mm. Molinietalia (Table 14).

Ranunculus sceleratus L. 94 complete and 26 halves of achenes in 10 samples.
Size of 10 fruits: 1-02(0-85—1-2) X 0-89(0-7—1-05) mm. Bidentetalia, ch (Table 5).

Ranunculus sp. 26 complete and one half of achenes in 8 samples from
VIf, VIe,, VIe, VIe—d, pit 1, and the basket. Pollen in all EM layers.

Thalictrum flavum L. type (Pl. VIII). 15 achenes in 10 samples. Fruits
narrow-oval with tapering both ends to broad-oval with shortly rounded ends.
Cross-section circular or slightly flattened. Ribs thick end blunt or thin and
+ sharp. Size of 14 fruits: 1-81(1-0—2-35) X 1-15(0-9 —1-6) mm. Similar fruits
were described by. other authors as T. flavum (see Jaron 1939 — two types
of fruits, Knoérzer 1970; Wieserowa, in print). However, in the reference
material, extant fruits of 7. flavum (5 collections), T'. lucidum (2 collections),
and 7. simplex (3 collections) show such great variation in size, outline, and
shape of ribs, that in some cases the determination of species on the basis
of fruit morphology may be uncertain. This difficulty concerns in particular
the short and broad fruit type. Most of subfossil fruits from the Wawel certainly
belong to T. flavum (narrower fruits) but some of them may also belong to
the two other species. Molinietalia, ch (Table 14).

Thalictrum cf. lucidum L. (Pl. VIII). 23 achenes in 3 samples. Outline
narrow-oval, cross-section usually slightly flattened (lateral ribs more pre-
nounced than the others), sometimes circular. They differ from narrow-oval
fruits of T. flavum in narrowing more gradually towards both ends and in
the shape of the ribs. Fruits of T'. simplex are usually broader. Size of 12 fruits:
2:02(1:6—2-4) X 1-04(0-8—1-2) mm. Molinietalia, ch (Table 14).

- Thalictrum minus L. (Pl, VIII). One achene. Fruit broad-ovate, slightly
flattened, with 14 ribs of which two lateral are distinctly larger than the others.
Size: 2-5 X 14 mm. Festuco-Brometea, ch (Table 16).

Thalictrum sp. Two and 2 ha'f achenes in one sample from pit 1, unripe.
Size: 23 x 115 and 2:7 X1:05 mm. Pollen in all EM layers.

Rhamnaccae
Frangula alnus Mill. (Pl. VIII). One fruit-stone 3-8 mm long and 3-8 mm
bread. Pollen in all EM layers except for VIe—d. Various forests (Table 17).

' Rosaceae

Agrimonia cf. eupatoria L. One hypanthium preserved without bristles,
obconical, with 4 flat apex. Pollen of A. sp. in VIg and VIe,. Festuco-Brometea,
ch (Table 16). '

Aphanes arvensis L. One achene. Size: 1-25 X 09 mm. Centauretalia, ch
(Table 11).

Cerasus avium (L.) Moench. or €. vulgaris Mill. (Prunus avium L. or P. cera-
sus L.). Two fruit-stones in random sample from VIe and in the basket.
116 fruit-stones in 6 samples from Va, which contained only stones of edible
fruits. Size of 20 specimens: 7-56(6:7—8:3) X 6:30(5-3—7-1) mm. C. avium
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is a native species characteristic of Carpinion, C. vulgaris is a cultivated plant
of Asiatic origin. Carpinion (Table 17). -

Cerasus fruticosa (Pall.) Woronow (Prunus fruticosa Pallas). 117 fruit-
stones in 7 samples from Va. The samples contained only fruits of edible plants.
Size of 20 specimens: 6-09(5-5—6-8) X 5-25(4-5—6-4) mm. Querco-Fagetea,
ch (Table 17).

Cerasus type. Pollen in all EM layers, maximum of 289%, of AP in VIj+i
and of 7% in VIc—d. Carpinion (Table 17).

Comarum palustre L. (Potentilla palustris (L.) Scop.). Small amount of
pollen in VIe and VIc—d. Scheuchzerio-Caricetea, ch (Table 5).

Filipendula wlmaria (L.) Maxim. (Pl. VIII). 14 achenes and 2 seeds in
9 samples. Size of 6 fruits: 2-21(1-7—2-7) x 0-85(0-65—1-1) mm. Size of seeds:
1:5x 05 and 1-8x 0-7 mm. Pollen of F. sp. in all EM layers. Molinietalia,
ch (Table 14). .

Fragaria vesca L. (Pl. VIIT). 24 achenes in 11 samples. Size of 10 fruits:
1-20(1-1—1-3) X 0-84(0-75—0-95) mm. Atropetalia, ch (Table 17).

Fragaria viridis Duch. (Pl. VIII). 24 achenes in 15 samples. Fruits broader
in relation to their length than in F. vesca. Outline often in the shape of an
inverse trapezium. Bezk indistinct, straight or slightly bent, usually towards
ventral, seldom towards dorsal side. Surface smooth or with delicate venation.
Many fruits erumpled. Size of 10 fruits: 1-29(1-1—1-45) X 0-98(0-9—1-05) mm.
Festuco-Brometea (Table 16).

Fragaria sp. 85 achenes in 21 samples from VIg, VIf, VIe,, VIe, VIc—d,
pit 1, and the basket.

Malus sp. 14 complete seeds and 8 fragments in 14 soil samples. 10 sceds
in 3 samples from Va composed only of the remnants of edible plants. Surface
of testa covered with dense but delicate longitudinal striation. Size of 9 seeds:
6-18(52—7-6) X 3:55(1-8—4-6) mm. M. domestice Borb. is known only as
a cultivated plant, M. silvestris (L.) Mill. is native to Poland and occurs in
deciduous forests. Carpinion (Table 17).

Malus sp. or Pirus communis L. One damaged seed. Carpinion (Table 17).

Padus avium Mill. (Prunus padus L.). Two complete and two halves of
fruit-stones in 2 samples. Size: complete specimens 5:4 X 44X 4:0 and 5-9 X
X 47X 4-0 mm, one half 42 X 2-8 mm. Alno-Padion, ch. (Table 17).

Pirus communis L. 20 complete seeds and 4 fragments in 8 samples. Surface
of testa covered with polygonal cells (140 x magnification). Below them a layer
with striation similar to the outer layer of Malus seeds. Size of 9 sceds:
5:70(4-7—7-3) X 2:93(2-1—4-4) mm. Carpinion (Table 17).

Potentilla anserina L. (Pl. VIII). One achene, size: 1-7 Xx1-2 mm. Potentillo-
Polygonetalia, ¢ch (Table 10).

Potentilla argentea L. Nine achenes in 2 samples. Slightly more elongated
than those of P. norvegica. Ridges on lateral sides - parallel to the dorsal
side. Size of 9 fruits: 0-69(0:62—0-82) x 0-48(0-45—0-55) mm. Sedo-Scleran-
thetea, ch (Table 16). '
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Potentilla argentea L. or P. norvegica L. 97 achenes in 15 samples from
all EM layers except for VIj. Surface smooth, without ridges. Unripe fruits
of other Potentilla species may have similar shape.

Potentilla erecta (1..) Réusch. 42 complete and 2 halves of achenes in 17
samples. Size of 10 fruits: 1-39(1-15—1-55) X 0-87(0-67—1-0) mm. Nardo-
Callunetea (Table 16).

Potentilla norvegica L. Three achenes in one sample. Size 0-85 x 0-67, 0-80 x
X 0-57, 0:92x 0-75 mm. (For description see Wieserowa, in print). Biden-
tetalia (Table 5).

Potentilla recta L. (P1. VIIL). Three achenes in 2 samples. Outline obliquely
ovate with flattening on ventral side. The narrower end of fruit has a beak.
Delicate ridges on the surface, narrow wing along the dorsal side. Size: 1-20 x 0-90,
1-22 x 0-92, 1-25 X 0-95 mm. Festuco-Brometea (Table 16).

Potentilla reptans L. (Pl. VIII). 30 complete and 5 halves of achenes in
11 samples. Ventral side almost straight, dorsal side convex. On lateral sides
sparsely distributed ridges and thick warts. Characteristic large epidermal cells
visible on fossil fruits. Size of 10 fruits: 1-10(0-95—1-2) X 0-74(0-67—0-85) min.
Potentillo-Polygonelalia, ch (Table 10).

Potentilla supina L. (Pl. VIII). Seven fruits in 3 samples. Frmts -4 as long
as broad, outline rounded-triangular, beak la.cklng, attachement scar in the
form of relatively large circular depression. Lateral sides with thick ridges
Size of 7 fruits: 0-71(0-6—0-8) X 0-60(0-52—0-65) mm. Isoéto-Nanojuncetca
h (Table 5).

Potentilla sp. 137 complete fruits and 4 halves in 29 samples from all EM
and LM layers. Pollen in all EM layers.

Prunus domestica L. (P. domestica 1. subsp. domestica). Two complete
fruit-stones and one fragment in 3 samples. Size: 21-0 X10-0 and 19-0 X10-0 mm.
Cultivated plant (Table 18).

Prunus insititia Juslen (P. domestica L. subsp. insititia (L.) C. X. Schneider).
27 fruit-stones in 7 samples from Va. Size of 10 fruit-stones: 13:70(12-20—
17-60) X 9-53 (7-35—12-50) X 6-28 (5:00—8-15) mm. Cultivated plant (Table 18).

Prunus persica Batsch. Four additional samples from VIf contained 4 halves
of fruit-stones. Size of 2 specimens: 27-0 X 23:0 and 25-0 X 21-0 mm. Cultivated
plant (Table 18).

Prunus spinosa L. 48 complete and 9 halves of fruit-stones in 12 samples
Most of these specimens found in 6 samples from Va containing only remains
of edible fruits. One specimen with remnants of fleshy pericarp. Outline of
fruit-stones oval to circular. Size of 10 stones: 8-81(6-95—10-25) X 6-98(6-25 —
7-70) X 5-32(4-65—5-85) mm, length/breadth ratio 1-28(1-1—1-6). Querco-
Fagelea, ch (Table 17). ) v

Prunus sp. One complete fruit-stone with fleshy pericarp and 16 fragments
of fruit-stones (one charred) in 10 samples from VIi, VIg, VIe, VIe—d, and
VIa. Eleven pollen grains in one sample from VIc—d. Small fragments of
Prunus or Cerasus. fruit-stones in 4 samples from Va. :
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Rubus caestus L. 18 fruit-stones in 14 samples. Size of 13 specimens:
315(2-1—4-3) x1-82(1-3—2-1) mm. Salicion, ¢ch (Table 17). :

Rubus idaeus 1.. 168 complete fruit-stones and 20 halves in 35 samples.:
Size of 14 specimens: 2-17(1-8—2-4)x1-26(1-1—1-5) mm. Atropetalia, ch
(Table 17).

Rubus plicatus W. et N. type. Two fruit-stones in 2 samples. Size: 2-65 <X 1-85
and 2:30 x1-6 mm. The type, often described as R. fruticosus L., may include
different species from the section Rubus, with the exception of R. caesiis.
Atropetalia (Table 17).

Rubus sp. Five complete fruit-stones and one half in 6 samples from VIg,
VIe, VIc—d, and pit 1. Pollen in layers from VIg to VIe—d. Atropetalia
(Table 17).

Sanguisorba officinalis L. Pollen in all EM layers with the exception of VIe,.
Molinietalia, ch (Table 14).

Sorbus sp. Few pollen grains in VIe and VIe—d. Various forests (Table 17).

Rubiaceae

cf. Asperula cynanchica L. (Pl. VIII). Two mericarps in 2 samples. Dorsal
outline narrow-oval with slightly flattened ends, lateral outline reniform.
Longitudinal depression on ventral side. Surface covered with small warts.
Size: 1-35x 0-85 and 1-2X 0-9 mm. Galium saxatile L. has verrucose fruits
of similar size but with distinct ridges on the dorsal side. Other possibilities
wero not checked. Festuco-Brometea, ch (Table 16).

Galium aparine L. 12 mericarps (one charred) in 7 samples. Only one fruit
with the outer layer of the pericarp on which rounded bases of broken bristles
are preserved. Other specimens with rows of transversally elongated cells
on the surface (Szydlowski& Wasylikowa 1973). Size of charred fruit:
2:0 X 1-8 mm. The species may have had its natural habitats in the communities
of Alno-Padion (Trzcinska-Tacik & Wieserowa 1976). Here included in
field weeds because it was often found in samples of charred cereals from
prehistoric sites and its fruit curve from the Wawel is similar to the curve
for weeds. Secali-Violetalia (Table 11).

Galium elongatum Presl. Four mericarps in 4 samples. Outer layer of pericarp
lacking. On ventral side, large depression transversally elongated and con-
stricted in the middle. Size of 2 fruits: 1-6 X ? and 1-6 X1-4 mm. Similar fruits
of G. palustre are smaller. Phragmitetalia, ch (Table b).

Galium cf. mollugo 1L.. Four mericarps (one charred) in 3 samples. Size,
1-0 X 0-9, 1-05 X 0-95, 0-75 X 0-6, 0-75 x 0-55 mm. Arrhenatheretalia (Table 14),

Galium palustre Li. Four mericarps in 2 samples. The same shape as G elon-
gatum but smaller dimensions. Size of 2 fruits: 1-15xX1-0 and 1-2 X1-1 mm.
Phragmitetalia, ch (Table 5).

Galium cf. silvaticum 1. (Pl. VIII). Four mericarps with complete pericarp
in 2 samples. Dorsal outline circular, ventral depression irregular, surface
lustrous, covered with shallow wrinkles. Fruits identical with extant specimens
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of this specices, but other possibilities were not checked. Size of 2 fruits: 1-25 x1-3
and 1-2 xX1-15 mm. At present G. silvaticum grows only in western Poland and
does not occur in the surroundings of Cracow (Kucowa 1967). Carpinion,
ch (Table 17).

Galium spurium L, 17 samples contained: uncharred — 28 and & half
mericarps with complete seeds preserved, 56 empty pericarps; charred — 21
and a half mericarps. Size of 20 charred fruits: 1-67(1-3—2-3)x1-40(1-1—
1-7) mm. Size of 10 uncharred fruits: 1-54(1-4—1-6) x1-32(1-16—1-453) mm.
Average size of all 30 fruits 1-63 X1-37 mm. Centauretalia, ch (Table 11).

Galium spurium L. or G. tricorne Stok. 41 empty pericarps in 10 samples.
All specimens crumpled. Isodiametric cells on the surface. Centauretalia, ch
(Table 11).

Galium tricorne Stok. (G. fricornutum Dandy). Eight samples contzined:
13 uncharred empty pericarps, 16 complete and 4 fragments of charred
mericarps. All specimens without outer verrucose layer of pericarp. Charred
fruits almost globular, with circular depression on ventral side and isodiametric
cells visible on the surface of 7 specimens. Identification of only these 7 mericarps
is certain. Uncharred fruits show similar cell pattern which, however, can be
found in extant fruits of G. tricorne and G. spurium. All pericarps are crumpled
and their original shape is not recognizable but their size is nearer to that
of G. tricorne than to G. spurium. Greatest diameter of 16 charred fruits:
2-34(2-15—2-7) mm. Centauretalia, c¢h (Table 11).

Galium uliginosum L. (P1. VIII). Two mericarps in 2 samples. Fruits preserved
with complete pericarp. Dorsal outline oval with rounded ends, lateral outline
reniform. Ventral depression elongated. Surface verrucose. Size: 0-8 X 0-6 and
0-9 X 0-6 mm. Scheuchzerio-Caricetea (Table 5).

Galiwm sp. 27 and a half charred and 10 uncharred mericarps in 16 samples.
from VIf, VIe,, VIc—d, VIb, pit 1, house 3, and the basket.

Rubiaceae indet. Pollen in all EM layers.

Salicaceae

Populus sp. Small amount of pollen in all EM layers, with a maximum
of 1-7% of AP in VIj+i. One lath probably made of Populus wood. Various.
forests (Table 17).

Saliz sp. 10 bud scales in 9 samples. Two wooden posts. Pollen in all EM
layers in great amount, from 1-5 to 379, of AP, with two maxima in VIg
and VIe. Salicion (Table 17).

Santalaceae
Thesium sp. Eight pollen grains in one sample from VIe—d.

Saxifragaceae

Parnassia palustris L. Two pollen grains in one sample. Scheuchzerio-
Caricetea, ¢ch (Table 5).

Ribes sp. One pollen grain. Various forests (Table 17).
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Scrophulariaceae

Alectorolophus sp. One seed, in pit 1 with only pafrtly preserved epidermis.
Scattered pollen grains in all EM layers.

Linaria vulgaris (L.) Mill. Seven seeds in 6 samples. Size of 4 seeds: 2-2 x 1-5,
2:0 X16, 1-9X1-6, 1-9 X1-55 mm. Onopordetalia, ch (Table 10).

Melampyrum sp. Scattered pollen grains in all EM layers.

cf. Odontites sp. One seed in VIj. Seed narrow-fusiform, tapering at both
ends. Surface covered with 13 longitudinal ribs and transversal short striae.
Striae and fields between them whitish-yellow. Size: 1-4 X 0-4 mm. Seed very
narrow compared with extant material.

. Pedicularis palustris L. (Pl. IX). One seed, 3-15X1-85 mm. Scheuchzerio-
‘Caricetea, ch (Table 5).

Scrophularia alata Gilib. or 8. nodosa L. Four seeds in 4 samples from VIi,
VIf, and pit 1. Size: 0-7 X 0-45, 0-8 X 0:55, 0:7 X 04, 0-7 X 0-45 mm. Scattered
pollen grains of Scrophularia sp. in VIg, VIe,, VIe, and VIce—d.

Verbascum cf. nigrum L. (Pl. IX). One sample contained 3 complete capsules
and 3 fragments, with seeds. Identification uncertain because capsules are
deformed and probably not quite ripe. Best preserved specimen is broadly
oval, with the rest of pedicel at the base and a style at the apex. All capsules
have stellate hairs. Length and breadth of capsules: 4-2 X 3-4, 4-0 X 3-2, 2-0 X
x1-6 mm. Size of 8 seeds from capsules: 0-82(0-55—1-3) X 0-52(0-35—0-8) mm.
Several seeds unripe. In our species having capsules covered with stellate hairs,
capsules of V. thapsus L., V. phlomoides L., and V. thapsiforme Schrad. are
distinctly larger, those of V. lychnitis L. relatively narrower. Festuco-Brometea
(Table 16).

Verbascum sp. Two seeds in 2 samples from VIe, and VIe. Size: 0:6 X 0-5
and 1-05 X 0-6 mm.

Veronica chamaedrys L. type. Six seeds in 3 samples from VIe and pit 1.
Size of 5 seeds: 1-2x1-1, 1-2x0-8, 1-35 x1-1, 1-2X 0-85, 1-2 X 0-9 mm. The
type includes V. chamaedrys, V. teucrium L., and V. prostrata L. (Kulpa 1968).

Veronica sp. Nine seeds in 4 samples from pit 1 and Va. A few pollen graing
in 2 samples from VIf and VIe—d.

Solanaceae

Hyoscyamus niger L. 192 seeds (one charred) in 23 samples. Size of 10 seeds:
1:39(1-3—1-55) x1-29(1-2—1-5) mm. Onopordetalia, ch (Table 10).

Solanum nigrum L. 257 complete seeds and 12 fragments in 29 samples.
Size of 10 seeds: 1-93(1-7—2-1) x1-44(1-2—1-7) mm. Characteristic species of
the suborder Polygono-Chenopodietalia, here included in Onopordetalia (Table 10)
on the basis of the occurrence in macrofossil diagram (Fig. 9).

Sparganiaceae

Sparganium ramosum Huds. (Pl. VIII). Eight fruits in 2 samples. Size
of 4 fruits (with broken one end): 5:15 X 26, 5:7 X 2-5, 4-8 X 2:35, 64 X 4:2 mm.
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Size of 3 fruit-stones: 41x2-2, 3-6x1-9, 3-6 X2-1 mm. Phragmitetalia, ch
(Table 5).

Tiliaceae

Tilia cordata Mill. Pollen in all BM layers, 3 — 26 %, of AP, with two maxima
in VIe and VIc—d. Carpinion, ch (Table 17).

Tilia platyphyllos Scop. Small amount of pollen (maximum 1-59% of AP)
in VIj+i, VIe,, VIe, and VIe—d. Carpinion (Table 17).

Tilia sp. Basket made of lime bark. Carpinion (Table 17).

Typhaceae

Typha angustifolia L. or Sparganium sp. Small amount of pollen in all
EM layers. Phragmitetalia (Table 5).

Typha latifolia L. (Pl. IX). Small amount of pollen in all EM layers. One
sample from pit 1 (no. 21d) contained clusters of fruits (over 5000 fruits)
representing probably the remnants of whole spikes. Fruits on very long stipes
with long styles and lance-ovate stigmas. The shape of stigma differentiates
T. latifolia from T. angustifolia (Hegi 1965). Pericarp very delicate and
transparent, operculate seeds are visible. In tables and diagrams seeds of
T. latifolia were classed together with seeds of Typha sp. Phragmitetalia, ch
(Table 5).

Typha sp. 35 samples contained great number of uncharred seeds. An
accumulation of over 5000 specimens was found in sample 4/70 and a total
sum of 2100 seeds in the remaining 34 samples. A few charred seeds were scat-
tered among uncharred ones. All seeds may belong to T'. latifolia, but the
determination of species on the basis of seed morphology is not possible. In
tables and diagrams all macrofossils of Typha were groupped together as
Typha sp. Size of 20 uncharred seeds: 1-11(0-95—1-2) X 0-27(0:2—0-35) mm.
Phragmitetalia, ch (Table 5).

Ulmaceae v

Ulmus sp. Wood in 5 supplementary samples from VIe and VIe—d. Small
amount of pollen in all EM layers (less than 1% of AP). Alno-Padion (Table 17),

Umbelliferae

Angelica silvestris L. (Pl. IX). Three mericarps in 2 samples. Outline narrow
or broad-oval, on dorsal side 3 pronounced unwinged ribs, lateral ribs broadly
winged. Size: 49 x2-8, 3-4x 29, 3-3x1-5 mm. Molinietalia, ch (Table 14).

Astrantia magsor L. (Pl. IX). Six mericarps in 2 samples. Size of 6 fruits:
448(3:8—5-3) X 1-73(1-5—2-1) mm. Carpinion (Table 17).

Bupleurum rotundifolium L. 12 mericarps in 3 samples. Size of 10 fruits:
3:03(2-7—34) X 1-47 (1-2—1-6) mm. Scattered pollen grains of Bupleurum sp.
in VIe,, VIe, and VIc—d. Centauretalia, ch (Table 17).

ef. Carum carvi L. (P1. IX). Two mericarps in one sample. Fruits mineralized,
without outer layer of pericarp. Size: 2-6 X1-15 and 2-75 X 2:05 mm. Arrhena-
theretalia, ch (Table 14).

4 — Acta Palaeobotanica XIX/2
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Caucalis daucoides L. (C. platycarpos L., Pl. IX). One fragment of mericarp
in a supplementary sample from VIf. Only two thick secondary ribs preserved,
with broad bases of spines. Spines and fruit apex broken. The length of the
fragment is 7-7 mm. The sample contained large amount of uncharred millet
and charred grains of Triticum aestivum and Secale cereale. Centauretalia,
ch (Table 11).

Chaerophyllum aromaticum L. (Pl. IX). Two mericarps in 2 samples. Fruits
oblong, lower end rounded, apex narrowed, on dorsal side 5 blunt primary ribs,
on ventral side remnants of carpophore preserved. Fossil specimens are longer
than fruits of C. bulbosum L. and C. temulum L. and broader than those of
C. hirsutum L. (Kowal & Latowski 1973). Size of one fruit: 9-0 x 2:7 mm.
Alno-Padion (Table 17). '

Cicuta virosa L. (Pl. IX). One mericarp, size: 2-3 x1-565 mm. Scheuchzerio-
Caricetea (Table 5).

Conium maculatum L. (Pl. IX). Five mericarps in 3 samples. All specimens
without outer layer of pericarp. On dorsal side traces of 5 ribs, surface between
ribg covered with thin longitudinal slightly sinuous wrinkles and very delicate
transversal striae. Size: 3-2 x1-5, 2:0x1-1, 2-6 X1-45 mm. Onopordetalia, ch
(Table 10).

Daucus carota L. Nine mericarps in 6 samples. Spines not preserved, ribs
partly broken. Size of 9 fruits: 2-01(1-756—2-75) x1-30(1-05—1-8) mm. Arrhena-
theretalia, ¢h (Table 14).

Pastinaca cf. sativa L. (Pl. IX). One mericarp. Marginal wings damaged.
Two vittae on ventral side reach 43/4 of the fruit length, 4 vittae on dorsal
side near the fruit base. At the apex, marginal nerves almost perpendicular
to the longitudinal fruit axis, while in similar fruits of Peucedanum cervaria (L.)
Lap. they meet at an acute angle. Size of shrunken mericarp: 3-2 X 2-3 mm,
Identification uncertain because fruits of Pastinaca opaca Bernh. are very
similar. Arrhenatheretalia, ch (Table 14).

Pimpinella cf. maior (L.) Huds. (Pl. IX). 11 mericarps in 5 samples. Fruits
oval. Five dorsal filiform ribs, two of them shifted to the ventral side. On dorsal
side vittae in groups of three between ribs, on ventral side 2 vittae in each
comissural half. Size of 10 shrunken fruits: 2-07(1-8—2-4) Xx1-10(0-9—1-3) mm.
Identification uncertain because fruits of P. maior and P. sawifraga are very
much alike. As a rule, fruits of P. sawxifraga are smaller (less than 2-5 mm long,
while those of P. maior are more than 2-5 mm long), distinctly ovate or pyriform.
But these characters are often poorly visible in damaged fossil specimens.
P. anisum L. has larger fruits with broader ventral side. Slightly similar in
shape, fruits of Berula erecta (Huds.) Coville, Petroselinum sativum Hoffm.,
and Apium graveolens L. differ in the distribution of vittae (Klan 1947).
Avrrhenatheretalia, ch (Table 14).

Pimpinella cf. saxifraga L. (Pl. IX). One pyriform mericarp. Vittae as
in P. mator. Size 1-7x1-15 mm. Festuco-Brometea, ¢ch (Table 16). ‘

Torilis japonica (Houtt.) DC. (Pl. IX). Three mericarps in 3 samples. Short
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spines curved upwards preserved on the dorsal side of one specimen. Size of
2 fruits: 2-45 X1-50 and 2-50 X 1-4 mm. Atropetalia, ch (Table 17).

Umbelliferae indet. 37 damaged mericarps in 16 samples from VIj, VIg,
VIf, VIe, VIc—d, and Vb. Pollen in all EM layers.

Urticaceae

Urtica dioica L. 1693 fruits (4 charred) in 35 samples. Size of 35 fruits:
1-10(0°9—1:3) X 0:76 (0-6—0-9) mm. Pollen in all EM layers. Onopordetalia
(Table 10).

Urtica urens L. 55 complete fruits and one half in 13 samples. Size of 10
fruits: 1-62(1-35—1-75) X1-12(0-85~-1-3) mm. Pollen in all EM layers. Ono-
pordetalia, c¢h (Table 10).

Valerianaceae

Valeriana sp. 48 complete fruits (one charred) and one half in 13 samples
from VIg, VIe, pit 1, and the basket. Pollen in VIg, VIf, VIe,, VIe, and
VIe—d.

Valerianella dentata (1..) Poll. One fruit. Size: 1:8 Xx1-2 mm. Centauretalia,

h (Table 11).

Verbenaceae

Verbena officinalis 1.. 14 nutlets in 8 samples. Size of 10 fruits: 1-65(1-45—
1-9) X 0-59(0-5—0-7) mm. Onopordetalia, ch (Table 10).

Violaceae

Viola arvensis Murr. or V. tricolor L. 14 samples contained: 19 complete
seeds, one half of a seed, and one valve of a capsule. Size of 17 seeds: 1-38(1-15—
1-7T)yX 0-79(0-6—1-0) mm. Length of capsule valve about 3-2 mm (one end
broken). Secali-Violetalia, ch (Table 11).

Viola canina Rehb. type. Seven samples from VIe, VIe/VIe—d, and pit 1
contained: 5 complete and 3 halves of seeds, one capsule valve. Seeds larger
than those of V. arvensis and V. tricolor. They differ from seeds of V. silvestris
Rchb. (Wieserowa, in print) in greater breadth compared with their length.
Many other species have a similar shape. Size of 4 seeds: 1-9 x1-2, 1-7x1-1,
1-55 x1-15, 1-75 X1-15 mm. Length of capsule valve 7-7 mm.

Viola sp. One pollen grain in VIj-+i.

Vitaceae

Vitis vinifera L. Six-seeds in 5 samples: one sample from VIf (9—10th
century) and 4 from Va (15th century). Basal beak relatively narrow, gradually
passes into broader upper part. This shape is more common in the wild form
V. vinifera L. subsp. sylvestris (C. C. Gmelin) Hegi but occurs also in cultivated
V. vinifera subsp. vinifera. Size: 45 X 3-0, 44 X 3-2, 5-8 X 3:3, 55 X 3'7, 5:4 X 2-9,
6-0 X 3-8 mm. Cultivated plant (Table 18).

4%



164
RECONSTRUCTION OF MEDIEVAL PLANT COMMUNITIES

Medieval vegetation was described by referring the information on present
day plant communities to the conditions of the past. To this end, all species
and a few genera found in subfossil material were classified according to the
Braun-Blanquet’s system adopted in the studies of modern vegetation
in south Poland (Mcdwecka-Korna§ ef al. 1972, in few eases according
to Ellenberg 1974). Syntaxonomic units were described on the basis of
characteristic species. In addition, plants which to-day occur most commonly
in communities of given units were included in these units (following Trzeinska-
Taecik & Wieserowa 1976). The classification of 11 species was based on
other criteria, namely on their occurrence in the stratigraphic sequence (ap-
pearance or disappearance, continuous curve or scattered specimens, culmination
of curve) or on their possible growth on mnatural habitats. This concerns the
following species: Carex fusca, C. cf. hirta, Chenopodium polyspermum, Cirsium
arvense type, Galeopsis cf. angustifolia, G. ladanum, G. tetrahit, Galium aparine,
Polygonum dumetorum, Rumex crispus, and Solanum nigrum.

Species counted in each unit were listed in plant community tables and
presented in detailed as well as in summary diagrams. The lists of specics, in
spite of a certain superficial resemblance, do not correspond exactly to modern
phytosociological records. Firstly, they reflect the species composition of samples,
which contain the remains of plants originating from various communities.
Secondly, they cover the long time span from about the 9—10th to 15th century
A. D., and an unknown area (though it is reasonable to assume that most plants,
at least those brought by chance, come from not far distant sources). It seems,
however, that keeping these limitations in mind, these lists may be used to

- describe types of plant communities whose existence in the past was very
probable, assuming that plant communities have undergone no radical changes
since the Middle Ages.

To gain additional data on the ecological conditions of the growth of plant
communities described from the Wawel, the average values of Ellenberg’s
figures for soil moisture (F), nitrogen (N) and calcium carbonate (R) content
were calculated (Ellenberg 1974). The limitations concerning the phytosocio-
logical interpretation are also valid in the case of the reliability of applying
Ellenberg’s index values for fossil material.

Potametea (R. Tx. et Prsg. 1942)

Aquatic communities of this class are poorly reflected in the material from
the Wawel. The only two genera, Potamogeton sp. (only pollen) and Batrachium sp.
(pollen and one fruit) were found in small numbers. They were probably brought
to the Hill together with other plants growing in river valleys (Tables 5 and 6,
Fig. 8).



165
Phragmitetalia (W. Koch 1926)

Reedswamp communities are represented by 10 species. Quantitatively only
seceds of Typha sp. (probably T. latifolia) play an important role. They were
found in most of the samples and usually in large numbers. Other species occurred
in small numbers in EM layers and were relatively more abundant in LM layer
Vb. Among them Heleocharis palustris was most common (Tables 5 and 6,
Figs. 8, 10 and 11).

Species of this order probably came from two main types of plant com-
munities, which developed in stagnant or slowly running waters. One type
included stands of Typha and Sparganium ramosum, perhaps with Alisma
plantago-aquatica and Heleocharis palustris, which may have grown in shallow
water (F 10, Table 7), in places rich in nitrogen (N 8, Table 8). The other type is
indicated by the presence of five characteristic species of the alliance Magno-
caricion. Communities of this alliance probably grew on wet soils (F 9—10,
Table 7), poorer in nitrogen compared with the former group (N 3—35, Table 8).
Both groups were resistant to prolonged lowering of water table. In the Vistula
valley they bordered on the areas covered with moist meadows and may oc-

casionally have been cut for fodder or bedding (pa,rtleula.rly Typha). Their
growth on the Hill was highly improbable.

Isoéto-Nanojuncetea (Br.-Bl. et R. Tx. 1943)

Six characteristic species belong to this class (Tables 5 and 6, Figs. 8 and 10.
Five of them are represented by fruits or seeds and one only by pollen. Smal
numbers of specimens were found, Juncus bufonius was most frequent (17 secds
in 6 samples).

These therophytes may have had their natural habitats on periodically
inundated sandy or muddy soils on shores of old river beds. They may also
have formed short-lived communities on wet roads and field furrows. They may
have been brought to the Hill from both types of habitats and may also have
occur temporarily on the Hill. The presence of 6 characteristic species indicates
that they must have been common in the area, because these small plants have
little chance of getting into the culture layers. On the other hand, averago
values of Ellenberg’s indices for this group point to more moist soils (F 7-5),
more acid (R 3-0), and poorer in nitrogen (N 4:7) than, for instance, soils over-
grown by the communities of Onopordetalia, which were certainly present on the
top of the Hill (Tables 7—9).

Scheuchzerio-Caricetea fuscae (R. Tx. 1937)

The occurrence of communities of this class is indicated by the presence of
9 species (including 7 characteristic ones). Three of them were found in the
pollen spectra. All species appeared in small numbers (1—4 specimens), which
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Table 7
Tabela 7
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indicates that their diaspores were rarely brought to the Hill. Their transport
to the Hill was more significant in the LM time, because the only two samples
from these period contained 5 species, i.e. 109, of the total number of species
found in this layer (Tables 5 and 6, Figs. 8, 10 and 11).
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Table 9
Tabela 9

Reaction numbers for plant communities described from medieval material from the Wawel
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Plants of this elass probably grew in the communities of wet meadows, which
occupied peaty soils, poor in nitrogen (F 8-8, N 25, Tables 7 and 8). These
meadows spread in the valley as substitute communities after the destruction
of natural riverside forest (Korna$§ & Medwecka-Korna§ 1974). Larger
number of species found in the LM layer may point to their greater expansion
in the 15th century compared with the EM period (Trzcinska-Tacik&

Wieserowa 1976).
Bidentetalia tripartitae (Br.-Bl. et R. Tx. 1943)

Nitrophilous communities of this order are represented by 8 (7 characteristic)
species preserved only as macrofossils (they are not identifiable by pollen grains).
They were most abundant in layers VIg and VI{f, disappeared in VI c—d and
did not occur in younger layers (Tables 5 and 6, Figs. 8, 10 and 11). Ranunculus
sceleratus was most abundant (107 fruits in 10 samples). Species of this order,
together with Atropetalia and Onopordetalia, represent communities showing
the highest nitrogen figures (N 7-6) in the material from the ‘Wawel (Table 8).
They probably had their natural habitats on the shores of stagnant or slow
running waters in the valleys, on soils rich in nitrogen and periodically inun-
dated. Their occurrence on the Hill as ruderal communities would be possible
along road side ditches or around dunghills (if there were any) but their high
moisture figure (F' 7-8), much higher that that for Onopordetalia (F 4-p) points
to relatively moist soils which probably did not exist on the top of the Hill

(Table 7).
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Potentillo-Polygonetalia (R. Tx. 1947, syn. Plantaginetea maioris R. Tx. et Prsg.
1950)

The order is represented by 7 (6 characteristic) species. Fruits of Polygonum
aviculare and Potentilla reptans were most frequent, continuous pollen curves
were obtained for Polygonum aviculare and Plantago maior (Tables 10 and 6,
Figs. 8, 10 and 11). Several species — Potentilla reptans, P. anserina, Agropyron
repens, Rorippa silvestris — as well as Rumex crispus and Carexr hirta, assigned
here to Molinio- Arrhenatherelea — may have come from natural communities
of the alliance Agropyro-Rumicion crispi growing on low river terraces, on sites
similar to those occupied by communities of Bidentetalia. Partly, however,
species of Potentillo-Polygonetalia grew on the Hill itself. They appeared more
frequently in samples from the Wawel than species of Bidentetalia and — #»
results from Ellenberg’s index figures — they occupied slightly drier (F 6-2),
poorer in nitrogen (N 6-0), and more or less neutral soils (R 7-7, Tables 7—9).
They could grow as ruderals on trodden places, particularly Polygonum aviculare
and Plantago maior. Pollen curves of these two species show a decrease in layer
Vie, similar to the decrease of Onopordetalia (Wasylikowa, in print).

Onopordetalia acanthii (Br.-Bl. et R. Tx. 1945, syn. Artemisietea Lohm.)

Ruderal communities of this order include 35 species, with 24 characteristic
ones (Table 10, Fig. 9). The time of their best development was connected with
the formation of the layers VIg, VIf, and VIe,. Samples from these layers
contain the greatest numbers of species (Table 6, Fig. 11), including many charac-
teristic species (28 species in these three layers, 10 characteristic ones). Layers
VIf and VIe, are also characterized by a large number of seeds and fruits of
many species, while in VIg the number of diaspores is smaller, mainly due to
the fall of Urtica dioica curve (Fig. 10). In the layer VIe the decrease of the
number of species and of the number of specimens can be seen (see the discussion
on p.183). This concerns only random samples from the layer, because samples
from special objects connected with layer VIe (pit 1, house 3 and the basket)
are rich in ruderals (Fig. 11). In all 18 samples from layer VIe a total number
of 30 species (13-59%,) was found (29 characteristic species). This means that
at the time when the layer VIe was formed ruderal communities were still well
developed on the Hill, but were more or less confined to the nearest surroundings
of house 3 and pit 1.

In the middle of layer VIc—d the role of Onopordetalia species increased again,
but in this younger phase ruderal communities were poorer in species than
in layer VIe,. From all the layers younger than VIe only 18 species were de-
termined (11 characteristic species).

Pollen of three taxa was found: Urtica dioica, U. urens, and Anchusa sp.
Their summary curve shows a slight culmination in layers VIg, VIf, and VIe,
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and & clear decrease in VIe. The curve of Chenopodiaceae is of similar shape and
probably represents mainly ruderal species of Chenopodium (Wasylikowa,
in print).

Specics of Onopordetalia grew on dry to fresh soils (F 4-5) similar in this
respect to the habitats of field weeds, but with a larger amount of nitrogen
(N 7-6) (Tables 7 and 8).

Secali-Violetalia arvensis (Siss. (1943 ap. Br.-Bl. et R. Tx.) 1946)

Field weed communities are represented by 45 speecies. The number includes.
38 characteristic species: 19 of Centauretalia cyani, 11 of Polygono-Chenopodie-
talia, and 8 of the order (Tables 6 and 11, Fig. 9). Three species (Ranunculus
arvensis, Consolida regalis, and Nigella arvensis ) were determined only on the basis
of their pollen grains and three species were found both among macro- and
microfossils (Bupleurum rotundifolium, Centaurea cyanus, and Scleranthus
annuus ).

Two characteristic species of Polygono-Chenopodictalia, namely Chenopodium
polyspermum and Solanum nigrum, were assigned to Onopordetalia on the basis.
of their occurrence in the profile.

At this point it should be stressed that diaspores of weeds (as well as those
of cultivated plants) described here were scattered in each layer on the wide
part of the entire excavated surface. They were not associated with special
accumulations of cereal grains or of seeds or fruits of other cultivated plants,
which means that they do not represent a real weed contamination of a definite
crop. They reflect the continuous transport of weed diaspores with cultivated
plants to the Hill, which was in progress while the culture layers werce forming.

An interesting picture is obtained by the comparison of percentage numbers
of species found in random samples from different layers and in archaeological
objects (Fig. 11, Table 6). Samples from the lower part of pit 1, from house 3,
and from the basket contained greater numbers of Secali-Violetalia species than
random samples from any layer. This difference may be explained by the ac-
cumulation of material containing large amount of weeds (e.g. refuse from
threshing) in or around these objects. In the top part of the pit the number of
weed species decreased, thus indicating the cessation (or the change) of the use
of the pit when it was filled. At this level the number of ruderal species increased.

The distribution of weeds in the samples is not uniform with respect to the
number of specimens, as well. Two maxima can be seen in random samples
(Fig. 10), the older one in VIg (and VIf) and the younger and more pronounced
in VIe (together with the bottom part of VIc—d). In VIe and VIc—d a slight
rise of weed pollen curve in also visible (Wasylikowa, in print). Certain
differences between these two phases with abundant weeds may be indicated,
but it is difficult to estimate their significance. In random samples, the percent-
age of weed species is higher in VIg and VIf than in VIe and VIe¢—d. The
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number of weed diaspores, on the other hand, is higher in the younger phase.
In the older phase species of Polygono-Chenopodietalia play a relatively more
important role, in the younger one Centauretalia are more numerous. From
among all the EM layers the ratio of the number of Centauretalia species to that
of Polygono-Chenopodietalia is lowest in VIg and VI{. It equals up to 1-5 for VIg
and 1-6 for VIf, while in other layers it varies from 1:8 to 4-0 and equals 2-0
for VIe layer. This change may be an indirect indication of a growing importance
of wheat and rye as compared to millet in the younger phase.

To-day, communities of the suborder Polygono-Chenopodietalia grow mainly
in root-crop cultivations, but they may develop also in gardens and sometimes
in spring cereals, for instanee in primitive millet cultivations. They are best
developed in village gardens and in fields situated near settlements (Medwecka-
Korna§ et al. 1972). Setaria glauwca, Echinochloa crus-galli, and Setaria viridis
or 8. verticillata, species most common in the material from the Wawel, at
present occur abundantly in the association Echinochloéto-Setarietum of the
alliance Panico-Setarion (Kornad 1950), which develops on light, sandy seils,
usually poor in calcium carbonate. These species are cited by Dobrochotow
(1961) as millet weeds. In subfossil material from other localities they were
often found together with charred millet grains. Perhaps in prehistoric and early
historic times they were common weeds in millet cultivations and were eaten
with millet grains. Species of the root-crop communities of the alliance Fu-
Polygono-Chenopodion are less abundant in the material from the Wawel,
though they are represented by four characteristic species. To-day, these com-
munities grow on heavier soils, usually rich in lime.

The suborder Centauretalia includes segetal communities which are best
developed in winter cereals, though may also oceur in spring cereals. Among
19 characteristic species of this suborder there are 11 characteristic species
of the alliance Caucalidion, including 8 characteristic species of the assoeciation
Caucalido-Scandicetum. Melandrium noctiflorum, Stachys annua, Neslia pani-
culata, and Galium tricorne are most frequent. To-day calciphilous and relatively
thermophilous communities of Caucalidion rarely occur in Poland, and only in the
south and south-central part. In the wide surroundings of Cracow they grow
best on fertile rendzina soils formed on Cretaceous marl (Kornas 1950), and
avoid loess areas. Places nearest to Wawel with soils of this type, oceur on the
south bank of the Vistula, within the limits of the present-day city (Kostrze,
Bodzéw, Pychowice, Zakrzéowek, Podgérze, Plaszéw, Komornicki 1974).
As late as in the late forties Kornag$ found impoverished stands of Caucalido-
Scandicetum in this area, and earlier authors have noted some of its characteristic
species (Berdau 1859; Zmuda 1920; after Korna§ 1950). The well developed
stands of Caucalido-Scandicetum found by Korna§ nearest to Cracow were
in the vicinity of Mieché6w and Tunel, at a distance of about 40 km to the north-
east. Good representation of Caucalidion species in the material from the Wawel
suggests that cereal grains, chiefly wheat and rye, were at least partly brought
to the Wawel from the Miechéw Upland.
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Alliance Aperion, which includes segetal associations growing on light soils,
acid or poor in calcium carbonate, is represented by only 3 characteristic species,
all found in small numbers. It seems that the communities of this alliance were
of lesser importance in areas which provided the inhabitants of the Wawel Hill
with cereals. But it is also possible that the role of these communities is under-
estimated, because our most common modern association of field weeds, Vicietum
tetraspermae, is poorly defined floristically, and consequently, might be over-
looked solely on the basis of eharacteristic species. Many species found on the
Wawel Hill could grow in different weed communities and on different soils,
for instance Agrostemma githago, Polygonum convolvulus, P. persicaria, Thlaspi
arvense, Melandrium album, Chenopodium album, Stellaria media, and Galeopsis
tetrahit, to mention only the most frequent plants.

The species listed in table 11 under the heading Secali-Violetalia could occur
in eommunities of both suborders. Species listed as characteristic species of the
class Rudero-Secalietea could appear as field weeds or as ruderals. Many species
of Polygono-Chenopodietalia could also grow in ruderal communities.

In order to characterize the habitats of weed species found on the Hill,
Ellenberg’s figures for moisture, soil reaction and the occurrence of nitrogen
obtained for the list of subfossil weeds were compared with the same figures
calculated for the lists of plants found in four field associations described by
Kornag (1950) from the Cracow—Ozestochowa and Miechéw TUplands
(Table 12). Moisture demands of weeds from the Wawel are described by figures
¥ 3—8, usually F 3—5, with the mean value 4-4. The heterogeneity of material
is indicated by two maxima in classes F 3 (indicators of dry soils) and F 5
(indicators of fresh soils). All characteristic species of Caucalidion from the Wawel
have moisture figures of 3 and 4. In the relevés of Caucalido-Scandicetum
published by Korna¢ most species (not only the characteristic) are also grouped
in these classes. Most of Polygono-Chenopodietalia species from the Wawel are
grouped in classes F 5—8. The demands with regard to the pH of the soil are
still more diversified. R figures vary from 2 to 9, indicating the growth of weeds
on acid to calcareous soils. Most species have reaction figures R 7—9, pointing
to soils from slightly acid to rich in ealcium carbonate. This group includes all
the characteristic species of Caucalidion. Most species of the present-day Cauca-
lido-Scandicetum have the same indices. The average R value for weeds from
the Wawel (R 6-7) is distinctly lower than for modern Cawcalido-Scandicetum
(R 7-b) because of the presence of species growing on sandy, acid soils. Scle-
ranthus arvensis (R 2), Spergula arvensis var. arvensis (R 2), and Aphanes
arvensis (R 4) probably grew in segetal communities similar to the present-day
associations of the alliance Aperion.

Nitrogen figures have values of 3—9. Species growing on soils with low or
moderate nitrogen content (N 3-—5) form a dominating group (16 species)
composed mainly of Caucalidion species (11 species). Plants of soils rich in
nitrogen (N 7—9; 10 species) are fewer and the characteristic species of Polygono-
Cheneopodietalia make up about half of them.
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fable 12
Tabela 12

Inlex numbers acc. te Ellenberg (1974) for soil moisture (Fi, pH (R), arnd
nitrogen content (¥) for present day assoclations of field weeds from
Cracow-Czestochowa and Miechéw Uplands (Kornas 1950) and for Secali-Viole-

talia from the Wawel Hill

Wartosci wskaZnikdéw wg Ellenberga (1974) dla wilgotnosSci gleby (F), ph (R)
1 zawartosei azetu (N) dla wspbZczesnych zespoxéw chwastéw polnych z Wyiy—
ny Krekowsko-Czgstochowskiej 1 Mlechowskie] (Kornag 1950) 1 dla Secali-~

Violetaliz 5 Waweln

Present day associations
Zespoty wspbiczesne Wawel
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Number of species 2
Liogba gatunkéw 53 47 43 52 32 14 10
lean F value .
Srednia wartosé F 5.1 4.0 5.1 4.4 4.4 3.8 5.0
Number of indifferent speciles . P -
Licgba gatunkéw obojetnych 23 19 21 17 13 5 1
R 9 - 3 - 1 4 - 4 -
8 5 21 2 14 3 7 -
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6 2 2 4 3 2 - i
5 4 - 5 .2 2 - 2
4 T 1 3 - 2 1 1
3 4 1 1 1 - - -
2 1 - ‘3 1 3 2 1
1 1 - 1 - - - -
Number of specles “
Licsba gatunkdw 35 39 27 37 30 16 8
Mean R value
Sradnia wartosd R 5.5 7.5 5.3 7.0 6.7 7.2 5.4
Number of indifferent species -
Liczba gatunkdéw obojetnych 33 28 36 32 15 3 3
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6 8 3 6 6 5 - 1
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1 ~ 1 ~ - - - -
Number of specles
liosba gatunkdw 45 42 40 46 31 13 9
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Srednia wartosé ¥ 5.3 4.8 6.3 5.9 5.4 4.1 6.3
Number of indifferent specles b
Liczba gatunkdéw obojetnych N 26 23 23 14 6 2

The analysis of the characteristic species and of

Ellenberg’s ecological

indices points to the derivation of field weeds from two main types of cultiva-
tions and three types of habitats. One group, namely Polygono-Chenopodietalia
species, may grow on fresh to moist soils, rich in nitrogen. It is difficult to



173

determine the cultivated plant they were connected with. To-day the most
important factor in the development of root-crop weeds is the technie of cultiva-
tion (spring sowing, manual hoeing), which implies a short growing season.
In the Middle Ages, similar conditions may have existed in gardens, perhaps
on the Hill itself, or on small fields near the settlements, where legumes and
millet were sown (for the discussion of this problem see Knoérzer 1970). Two
other groups were connected with the’cultivation of cereals as winter or summer
crop. The largest group of weeds (Caucalidion) came from drier soils, rich in
lime, with low to moderate nitrogen content. Wider areas with soils suitable
for them may be found on the Miechéw Upland. The presence of three acidofilous
species indicates that cereal fields occupied also sandy, acid soils.

Segetal communities registered in the material from the Wawel differed
from the present day associations of the order Centauretalia in the almost com-
plete absence of Centaurea cyanus. Two pollen grains were found in EM layers VIf
(9—10th cent.) and VIe—d (11—12th cent.) and one fruit in LM layer Vb
(15th cent.). The spread of Centaurea cyanus in the fields near Cracow probably
took place in the second half of the 12th or in the first half of the 13th century,
as is shown by pollen analysis from the two other sites in Cracow (Koperowa,
unpubl.).

Comparison of the occurrence of weeds and of cultivated
plants. The correlation in the occurrence of these two groups of plants, both
with respect to the number of species and to the number of specimens does not
present a clear picture. For instance, the number of species of weeds and of
cultivated plants decreases in a similar way in pit 1 from the bottom toward
the top. But the number of their species in individual EM layers varics inde-
pendantly giving different pattern for each group (Fig. 11). In the sced diagram
some of the peaks of the curve of cultivated plants (Fig. 10) are accompanied
by an increase in the number of weeds while others are not. Parallel culminations
are visible in the samples from the middle of layer VI{, in VIe, and at the bottom
of VI¢—d. The increase of weeds and cereals in VIe can be also seen in the pollen
diagram. But, for instance, the top sample from VIf, showing an increase of the
amount of Tmtwum and Secale grains, has a sma,ller number of weed diaspores
than the sample below. Also the pronounced peak of weeds in the central part
of pit 1 is not reflected in a similar change in the number of specimens of
cultivated plants.

The occurrence of Linum usitatissimum in pit 1 and in layers VIg and VIe
is associated with an increase of the number of diaspores of two weed species
characteristic of flax cultivations, Spegula arvensis var. mazima and Galium
spurium. The presence of Spergula is palrtlcula.rly interesting, because this is
a highly specialized weed of flax.

Comparison of the occurrence of Secali-Violetalia and Ono-
pordetalia. The order Secali-Violetalia is represented by a greater total number
of species (45 species, 16-49,) than Onopordetalia (35 species, 12-89%,). The pre-
dominance of weed species over ruderals can be seen in most layers. The ex-
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ceptions are layers VIj and VIe, which contain almost the same numbers of
species from both groups, and also the four top samples from pit 1 and the
sample from house 3, where ruderal species exceed weed species in number
(Fig. 11, Table 6). These relations are emphasized by the greater number of
diaspores of ruderals in VI1e,, in the upper part of the pit and in the house.
Most conspicuous change in the role played by ruderals and weeds takes place
in layers VIe, — VIe — VIc—d. After their numerical predominance in layers
VIf and VIe,, ruderals decrease in VIe in absolute and percentage numbers
and recover some of their previous importance in VIc—d. Weeds show different
trend, with distinet prevalence in VIe (Fig. 10, Table 13). This change is over-
rated to some degree in the summary diagram (Fig. 10) by the exclusion of species

Table 15
Tabela 13

Comparison of the layers VIg, VIf, VIe4. Vle, and Vie-d with regerd to
the number of seeds and fruits of species belonging to Onopordetalia,
Secali-Violetalis, Molinio-Arrhenatheretea, and Festuco-Brometea found

in the mamples from these layers

Poréwnanle warstw VIg, VIf, VIe 4 Ve i VIo-d@ pod wzgledem liczby owocdw
i nasion gatunkdéw z Onopordetalia, Secali-Violetalia, Molinio-Arrhenathe-
retea 1 Festuco-Brometea znalezionych w prébach z tych warstw

Number of specimens in samples of the volume of 400 on?
Liczba okazéw w prébach o objetosSci 400 om

Layer - Warstwa Vig viz Vie, Vie VIe-d
121 415 199 11 35
Onopordetalis (43 - 236)| (90 - 854)| (97 = 261)| (2 - 22) | (2 ="85)
171 47 28 27 23
Seoali-Tioletalia L (3 - 456)| (42 Z'50) | (21 Z40) | (49 - s82)| (2 - 96)
. 40 29 25 82 5
¥olinlo-Arrhenatherstea | (, “"7g) | (12 Z740) | (2 =59) | (8- 260)| (129)
Festuoo-Brometea G| a2e | alan | 2% ®))

which could belong both to ruderal and to weed communities (the group called
Rudero-Secalietea). The important component of this group is Chenopodium
album. The seed curve of this species (C. album s. str. and C. album s. 1., Fig. 9)
is similar to that of ruderals in pit 1 and in the upper part of VIc—d, while its
two culminations in VIg and VIf are simultaneous with the culminations of
weeds and its abundance in VIe also resembles that of weeds. It seems, therefore,
that the species grew as a weed and also as a ruderal plant. Polygonum persicaria,
on the other hand, and probably Stellaria media too, were connected mainly
with weed communities (see their curves from pit 1, Fig. 9).

Comparing the habitats of weeds and ruderals on the basis of Ellenberg’s
figures for moisture, nitrogen content, and soil pH (Tables 7—9) it may be
supposed that Centauretalia grew on drier soils, distinetly poorer in nitrogen than
Onopordetalia, but with a similar content of ealcium carbonate (more or less
neutral soils). Polygono-Chenopodietalia, on the other hand, occupied slightly
more damp soils, slightly acid, with a moderate nitrogen content (intermediate
position between Onopordetalia and Centauretalia in this respect).
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Atropetalia (Br.-Bl. et R. Tx. 1943, syn. Epilobietea angustifolii R. Tx. et Prsg.
1950)

Plants of this order may have occured on the Hill and some of them could
have been gathered as edible fruits (Table 17). The presence of fruit-stones
of Rubus idacus and Fragaria vesca in most layers was certainly connected with
the gathering of their fruits. The same perhaps may be said of Sambucus nigra.
Continuous pollen curves of Sambucus sp. and Rubus sp. imply the growth
of thickets composed of these genera on the Hill (Wasylikowa, in print). They
were best developed during the formation of the upper part of layer Vie—d
and layer VIb. At that time, the place was probably abandoned for an unknown
period after destruction which took place in this part of the Hill and could be
traced in layer VIe—d (Figs. 9 and 10).

Molinio-Arrhenatheretea (R. Tx. 1937)

The class of moist and fresh meadows is represented by 49 species, including
31 characteristic ones: 14 of Molinietalia, 8 of Arrhenatheretalia, and 9 of the
class (Table 14). Besides the characteristic species, 8 meadow species were
assigned to Molinietalia, which are classified by Ellenberg as indicators of
moist soils, i.e. having moisture figures of 7 and 8. Similarly, species with
moisture figures of 4 and 5, indicators of fresh soils, were included in Arrhena-
theretalia together with characteristic species of the order. In addition, two
characteristic species of Agropyro-Rumicion crispi, namely Carex hirta type and
Rumex crispus, were listed among species of Molinio- Arrhenatheretea, on the
basis of their occurrence in the diagram (Fig. 8).

A relatively high number of species was found in the pollen spectra, namely
16 species; 6 of them were identified only by their pollen grains.

On the basis of ecological indices habitats of these communities may be
characterized as follows. Among all species included to Molinio- Arrhenatheretea
there is a slight prevalence of plants with higher moisture demands compared
with the stands of Molinietum and Arrhenatheretum described by Zarzycki
(1958) from Czernichéw, situated in the Vistula valley west of Cracow (Table 15).
46 %, (18 species) of the total number of Molinio- Arrhenatheretea species from
the Wawel have moisture figures of 7 to 9. In the relevés from Czernichéw 399,
(32 species) of all species have F values of 7 to 10. This is reflected in slightly
higher mean index value for the Wawel (F 6-2) than for Czernichéw (F 5-8).
The mean moisture figure for the material from the Wawel is even somewhat
higher than the average moisture figure calculated only for Molinietum (F 6-0)
from Czernich6w. This indicates that in the Middle Ages moist meadows grew
on wetter soils than stands of Molinietum which existed in Czernichéw in 1958,
or at least on soils with a high and more stable water level. They developed
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on slightly acid to neutral soils with a small to moderate nitrogen content
(Tables 8 and 9).

In all the EM layers the number of species of Molinietalia predominates over
the number of species of Arrhenatheretalia and Molinietalia usually occur in
4 larger number of samples. In most of the samples they are also represented
by a higher number of specimens. The number of species of Arrhenatheretalia

Tabls '75
Tatela 15

Molsture numbers for tha present-day asseclatiens Moli-
cietum and Arrhenatheretum from Czermichéw (Zarzycki 1958)
and for Molinio-Arrhenatheretea from the Wawel H111l
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exceeds that of Molinietalia only in the LM layer. The total number of species
of Molinio- Arrhenatheretea shows three maxima in layers VIg, Vie, and Vb,
caused mainly by the rise in the number of Arrhenatheretalia species (Table 6,
Fig. 11). A small increase in the number of diaspores belonging to species of this
-class can be seen in the same levels (Table 13, Fig. 10).

In summing up it may be said that the material from the Wawel proves the
existance of plant communities similar to those of the present-day meadows
of the class Molinio- Arrhenatheretea in the near surroundings of the Hill, during
the time from the 9—10th to 15th century. The higher number of Molinietalia
species, compared with that of Arrhenatheretalia in the EM layers, indicates
the wider spread of communities growing on moist soils on low river terraces
in the Early Middle Ages. The presence of four characteristic species of Fili-
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pendulo- Petasition and. the relatively high moisture figure point to the importance
of communities similar to the present day associations of this alliance which
grow along rivers and streams, partly perhaps as natural, but mostly as secondary
communities expanding after the clearance of riverside forests. Meadows of
Molinietalia may have been irregularly cut.

Plants of meadows and pastures growing on fresh soils (Arrhenatheretalia)
played slightly greater role only in the two EM layers — VIg and VIe — and
dominated over plants of moist meadows in the LM layer Vb. Each increase
of Arrhenatheretalia species may reflect more intense exploitation of fresh
meadows by the inhabitants of the Hill (grazing, cutting) in the corresponding
period. Weeds also indicate that the formation of these three layers was con-
nected with intense economic activity carried on in this part of the Hill. However,
whether these periods witnessed the expansion of fresh meadows, remains
uncertain.

Festuco-Brometea (Br.-Bl. et R. Tx. 1943)

Communities of xerothermic grassland, represented by 27 species (Tables 16
and 6) belong to the four vegetation types most marked in the Wawel material,
together with the communities of meadows (Molinio-Arrhenatheretea), field
weeds (Secali-Violetalia), and ruderals (Onopordetalia). Usually, however,
diaspores of grassland species, contrary to those of the other three groups, are
not numerous and. occur in & small number of samples. Fragaria viridis, whose
achenes are most frequent among macrofossils (24 fruits in 15 samples) is an
exception probably due to its berries being gathered (Fig. 8). In the pollen
gpectra, Centaurea scabiosa, Anthericum sp., and Cerinthe sp. are most abundant,
but the summary curve for all species of Festuco-Brometea does not exceed 19,
of the total sum of AP NAP in most of the samples (Wasylikowa, in print).

On the basis of the present-day distribution of xerothermic grassland species
it may be supposed that they grew on the Hill as remnants of natural communities
or as patehes of secondary grazed grassland. Several species of this group might
also have occurred in cereal fields and occasionally been brought to the Hill
with cereal grain. The possibility of the derivation of pollen, fruits, and seeds
of these plants from two different sources is to some extent supported by the
analysis of fossil material.

The number of species shows three indistinet maxima in layers VIj, VIg,
and VIe, with two minima in VIi and VIe, (Fig. 11). These minimum values
are also reflected in the number of fruits and seeds (Fig. 10). In the layer VIj
(and VIi) almost exclusively pollen was found, which may indicate the presence
of species on the Hill, cither in grassland communities or in the cereal field
postulated here (see p. 183). The high number of species and of spesimens in VIg
and VIe may be partly explained by the transportation of diaspores with cereal
grain (Table 13). The high number of species found in pit 1 (Table 6, Fig. 11)

5 — Acta Palaeobotanica XIX/2
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may also result from this but the distribution of remains in the stratigraphic
sequence of the pit does not confirm this suggestion as the only explanation.
The curves of the number of species and those of the number of specimens
(Figs. 10 and 9) show different trend for Festuco- Brometea compared to Secali-
Violetalia. It seems, therefore, that during the formation of layer VIe, with
which pit 1 was connected, some grassland species grew on the Hill. The constant
appearance of a few species in the pollen spectra also indicates that patches of
xerothermic grassland still existed on the Hill at least at the end of the 12th
century, occupying rather dry, calcareous soils, poor in nitrogen (F 3:6, R 7-7,
N 3-3, Tables 7—9). In the 15th century they were very limited in number, if not
quite destroyed.

Sedo-Scleranthetea (Br.-Bl. 1955 em. Th. Miller 1961) and Nardo-Callunetea
(Prsg. 1949)

Only a few species represent the communities of poor pastures (Nardo-
Callunetea) and sand grasslands (Sedo-Scleranthetea), which could develop as
secondary communities on podsolized soils originally covered by oak-pine or
pine forests (Table 16 and 6, Figs. 8, 10, and 11). Among macrofossils only
Rumex tenuifolius and Potentilla erecta were frequent. In the pollen spectra the
Calluna vulgaris and Rumex acetosella type formed continuous curves. The
occurrence of Rumex temuifolius is interesting (sce p. 153).

Forest communities

Forest communities are represented by 53 species (199, of the total number
of species), including 11 taxa identified only in pollen spectra. Wood and charcoal
fragments belong to 11 taxa of trees or shrubs (Table 3). Among forest plants
there are 27 characteristic species representing communitiey of three classes:
Querco-Fagetea (20 species), Alnetea glutinosae (3 species), and Vaceinio-Piceetea
(4 species, Table 17). An almost complete lack of forest plants in LM layer Vb
is caused by the fact that no pollen spectra were analysed from this layer and
should not be interpreted as a sign of deforestation.

Riverside forests

The largest group of forest species (21 species) is connected with communities
of the alliances Salicion, Alno-Padion, and Alnion (Tables 17 and 6, Figs. 8, 10
and 11). All the eight species of Salicion (S06 1943) were preserved among macro-
fossils, and two of them were found also in the pollen spectra. Most of these
species appeared in several samples (6—21) and in a fairly large number of
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specimens (7—159). Humulus lupulus, cf. Malachium aquaticum, Rubus caesius,
and Mentha cf. arvensis were most frequent.

Of 10 species of Alno-Padion (Knapp 1942 em. Medwecka-Korna$ ap. Matusz-
kiewicz et Borowik 1957) two occurred only in the pollen spectra, two in pollen
spectra and among pieces of wood and six were determined on the basis of & few
diaspores (1—3 specimens) found in one or two samples.

The alliance Alnion glutinosae (R. Tx. 1937) was represented by three species,
of which only Lycopus europaeus was found in several samples.

During the Middle Ages, river terraces probably offered a mosaic of habitats
suitable for the development of forest communities of these three alliances
(Kornas& Medwecka-Kornag1974). Forest stands of different type borderced
on each other and must have had many species in common. It is difficult,
therefore, to estimate the actual role played by each type of forest, but it seems
that communities of Salicion were either wider spread in the close surroundings
of the Wawel or were exploited on a larger scale by the inhabitants of the
Hill.

Economic penetration of riverside habitats may have taken various forms.
Grazing moist meadows and cutting them for hay afforded the most likely
opportunity for bringing large numbers of plants to the Hill. Fruits, stems or
branches of many plants growing in wet places may have been collected for
various purposes (Humulus lupulus, Rubus caesius, Salixz sp., Typha sp.).
Besides, roads traversing the low lying terrains favoured the unintentional
bringing of plants.

Stratigraphic distribution of species connected with riverside habitats shows
oscillations which can be traced in pollen and macrofossil diagrams. The number
of diaspores of Salicion species (excluding ¢f. Malachium aquaticum) decreases
in VIf and VIe, and increases again in VIe (Figs. 8 and 10). The course of the
Malachiwm curve is the reverse. The decrease of the number of specimens in
layer VIe can be seen also in Bidentetalia and Potentillo- Polygonetalia. In the
pollen diagram two distinet peaks of the Saliz curve appear in VIg and VIe
together with a slight increase of Humulus, Menyanthes, and Comarum curves
(Wasylikowa 1978, in print). The culmination of Saliz curve in VIg is preceded
by higher values of Alnus and Fraxinus pollen curves in VIj-4i, which then
show minimum values through all the younger layers and increase again in
VIc—d, after the second culmination of Saliz pollen curve. At the present
stage of investigations no positive explanation of these changes can be offered.
However, if the changes in the composition of plant material accumulated
in cultural layers reflect, even indirectly, vegetational changes taking place
in the Vistula valley, the possibility of this being the record of two phases of
better development of riverside forests may be considered. In the older phase,
first Alnus, Fraxinus, and Populus played considerable roles (VIj--i) and later
were replaced by Saliz (VIg). Younger phase began with an increase of Saliz (VIe)
followed by a slight increase of Alnus and Frazinus (VIc—d). The phases were
separated by the period of destruction of tree stands during the time correspond-
5%
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ing to the formation of layers VIf, VIe,, and the beginning of VIe. Botanical
analyses alone do not explain the causes of this change, but taking into account
the results of archaeological studies the combined influence of water level
fluctuations and of human activities may be regarded as responsible. Studies
on the distribution of EM settlements (Radwanski 1972, 1975) within the
boundaries of present-day Cracow have shown that during the 9th and 10th
century good conditions existed for settlements on relatively low-lying parts
of the flood terrace (below 20000 m a.8.l.). In the 11th century settlement
moved to slightly higher ground following the rise of the water table. The next
and more pronounced rise of water level took place in the 13th century and caused
the shifting of larger habitation units to the areas situated above 203-00 m a.s.l.

The exploitation of low-lying terrains during low-water level may have
caused the reduction of natural riverside forests. In the first stage secondary
osier thickets would spread (layer VIg) and next they become reduced during
the time corresponding to layers VIf and VIe,. The rise of the water table in the
11th century would have set large parts of riverside habitats free from direct
human occupation thus enabling renewed expansion of osier thickets (VIe)
and perhaps even willow-poplar and alder-ash riverside forests (VIc—d).
A better understanding of these phenomena requires further studies including
pollen analysis of natural (not anthropogenic) sediments. -

Other forests

Forests of drier sites are represented mainly by pollen of trees (Tables 17
and 6, Figs. 8, 10 and 11). Macroscopic remains are scarce with the exception
of plants providing edible fruits (Corylus avellana, Cerasus avium or C. vulgaris,
C. fruticosa, Prunus spinosa, Malus sp., Pirus communis). The list (Table 17)
includes representatives of all forest types which could have occurred in the
area, namely of the oak-hornbecm, beeeh, oak-pine, and pine forests and of the
xerothermic brush-wood (Kornad§ & Medwecka-Kornad 1974). Very little
can be said, however, about their actual distribution at that time. High culmina-
tions of the pollen curve of Tilia cordata in layers VIe and VIe—d may be
connected with the presence of this tree on the Hill. The same is true of perhaps
Acer sp. in VIe—d and Cerasus type in VIj+1i and VIce—d. Hedera helix may
have grown on the Hill too, but its pollen is so abundant thgt gathering of
flowering branches for fodder seems quite possible. Low, smooth curves of
Carpinus, Fagus, Corylus, and Quercus may represent the influx of pollen from
a wider area. The curve of Pinus, the dominating tree pollen type, shows the
reverse trend to the Saliz curve and probably reflects the overrepresentation
of pine in a much deforested area (Wasylikowa, 1978, in print).
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Cultivated plants and wild utilized plants

Cereals were present in all layers (Table 18, Figs. 9 and 11), but millet
{Panicum miliaceum ) was the only species which occurred abundantly as macro-
fossil in almost all samples. From among the other cereals bread wheat (Triticum
aestivum ) and rye (Secale cereale) were most common, represented by high,
continuous pollen curves in all EM layers and by scattered caryopses found
in all layers but VIj and VIi. The findings of oat (Avena sativa and Avena sp.)
were scarce and limited to the layers VIf, VIe,, VIe, VIc—d and Va. Still
less frequent were macrofossils of barley (Hordeum vulgare), only few specimens
in VIf, VIc—d, and Vb, and pollen grains of Hordeum sp. were scattered, too.
The low representation of oat and barley in pollen spectra may be misleading,
because the determination of pollen grains of these geners is difficult and a part
of their pollen was certainly included in the curve of Triticum. Nevertheless,
macroscopic finds confirm that they were less important eompared with wheat
and rye. ,

In one sample from VIe—d pollen of Fagopyrum sp. was found. This is too
little to prove that it was used by people living on the Wawel Hill, but it indicates
its presence in the surroundings in cultivation or as a field weed.

To complete the list of cereals, known from the Wawel, a single finding of
spikelets and leaves of Sorghum vulgare Pers. s.1. should be mentioned. This alien
plant was found by Gizbert in a layer dated to the 9—10th century A. D.,
discovered in region X, excavation 1 (Gizbert & Zaki 1954). It was probably
imported from the south ~(0r east), but, according to these authors, an un-
reiterated local cultivation was also possible. ’

It results from the findings discussed above, that millet was the main cereal
component of vegetable food, though bread wheat and rye were also continually
used. The preponderance of millet probably resulted mainly from the fact
that a kind of mush or gruel made of this plant was an item of the everyday
diet of people inhabiting the south-west part of the Hill. However, certain
overestimation of the role of millet, as against the role of wheat and rye, is also
possible. Millet was stored with glumes, which were removed before preparing
meals. Even small fragments of these very resistant glumes (palea and lemma)
can be easily recognized in subfossil state. Bread wheat and rye were stored
as more or less pure grain. Their glumes, broken during threshing, partly remained
attached to the straw and partly fell on the threshing floor. They were less likely
to be spread everywhere around the houses and, farthermore, their small, .
scattered fragments cannot be easily. identified.

Pulse crops were represented by small numbers of the seeds of pea, Pisum
sativum, and lentil, Lens esculenta. Amaranthus lividus cf. var. lividus was
probably used as a vegetable, as was the cucumber, Cucumis sativus, found by
Klichowska (1964). Linum usitatissimum, Brassica campestris, Papaver
somwiferum, and Cannabis sativa may have been cultivated for oil. Flax and
hemp may also have served as sources of fiber, while hemp and PoOppy may
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have been used as drug plants. Brassica nigra and Nigella sativa were known
a8 spices (Table 18, Fig. 9).

Five species of trees and shrubs were planted for their edible fruits: Viiis
vinifera, Juglans regia, Prunus domestica, P. insititia, and P. persica (Table 18).
Malus sp., Pirus communis, and Cerasus avium or C. vulgaris were cultivated
or their fruits were collected from wild plants, as were the fruits of Fragaria
vesca, F. viridis, Vaccinium sp., Rubus idaeus, R. caesius, Prunus spinosa,
Cerasus fruticosa and Corylus avellana (Table 17, Fig. 8). Many other wild
growing plants were certainly gathered for various purposes, but only four
species (besides mosses and wood) were found in large accumulations directly
indicating their use, namely Hedera heliz, Typha sp., Abies alba, and Pteridium
aquilinum. Mosses were studied by K. Karczmarz (in print), the use of wood
was not examined.

BOT ANICAL DESCRIPTION OF ARCHAEOLOGICAL LAYERS

Layers distinguished by the excavators during the field work and later
on dated on the basis of pottery may be characterized by their plant content.
The distribution of plants in particular layers is illustrated in the diagrams
showing the number of species (Table 6; Fig. 11), and the number of fruits
and seeds (Fig. 10). The question was discussed in detail elsewhere (Wasyli-
kowa 1978, in print) and only the main points of these considerations will
be summarized here.

The oldest layer VIj (and to some degree VIi) is characterized by such
a large amount of cereal pollen (and almost no macroscopic remains — only
one caryopsis of Panicum), that the existence of cereal cultivation (rye and
wheat) on the Hill seems very probable. So far this suggestion has not been
confirmed by archaeological studies. In the layer VIg an increase of macroscopic
remains of cereals and of other cultivated plants ean be seen, followed by an
inerease of the number of diaspores of meadow plants. The number of species
representing meadow communities reach its first culmination. These phenomena
may be interpreted as a result of the accumulation of cereals and meadow
plants by people living in this part of the Hill during the formation of layer VIg.
The plant composition of layers VIf and VIe,, with respect to the number
of species and the number of their diaspores, indicates the time of expansion
of ruderal communities growing on untrodden places. This change may have
been caused by the tempeorary withdrawal of habitation from this place.

Layer VIe has a distinetly different character. Ruderal communities became
very impoverished and more or less limited to the surroundings of pit 1 and
house 3 (Fig. 11). At the same time an increase of field weeds and meadow
species took place. Most probably at the time corresponding to layer VIe
habitation was renewed in this place with all the activities in it involved such
as the storage of cereals with weeds, earrying of hay, keeping of animals, which
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grazed on meadows around of the Hill, and the destroying the tall ruderals
which had developed here in the preceding period.

Layer VIe—d originated at & time when some kind of destruction took
place (traces of fire). Human habitation moved to another part of the Hill
and abundant ruderal communities developed again, though poorer in specics
than in layers VIf—VIe,. Thickets of Rubus idaeus and Sambucus nigra probably
spread near this area.

The LM period is represented only by 2 samples from layer Vb. They
contrast sharply with all the EM layers in the high number of species of pastures
and fresh meadows (Arrhenatheretalia), of field weeds and of plants growing
on various wet habitats (Fig. 11) accompanied by the fall in number of ruderals
(Onopordetalia) and of dry grassland species (Festuco-Brometea). These changes
may reflect the increasing importance of animal husbandry and of the storage
of cereal grain with weeds. At the same time, the development of habitation
over the whole Hill surface left little space for ruderals and destroyed the
remnants of dry grassland. The high number of species growing on wet soilg
may be connected with their expansion in the valley, due to the rise of the
water level.

The analysis of plant material from pit 1 suggests that the pit was used
for garbage and the refuse from cereal threshing was thrown out there. When
the pit was filled up to about 2/3 of its depth its use was abandoned and it
became overgrown with ruderals.

SUMMARY AND CONCLUSIONS

Plant remains were studied (pollen and macrofossils) from the medieval
culture layers dated from the 9—10th to the 12/13th and to the 15th centuries
A.D. A total number of 340 taxa was identified. This includes 249 species
of flowering plants, 6 species of vascular cryptogams, 12 species of mosses,
and one species of Fungus. All taxa were listed in the chapter dealing with
the description of plant remains. Phytosociological affiliations and ecological
requirements were established with various degrée of accuracy for 273 taxa
of wild plants. These taxa were listed in plant community tables and presented
in the diagrams. Mosses were not discussed in the present paper, as they were
the subject of special studies (Karezmarz, in print).

Most of the species appeared rarely in the material. From among 246 taxa.
included in plant community tables and identified on the basis of macroscopic
remains, the majority (202 taxa, 829, of the total) pecurred in less than 259
of the total number of soil samples (in 1—13 samples). In this group 58 toxa
(249,) appeared only in one sample, 90 taxa (379%,) in 2—>5 samples, and 54 taxa
(22%) in 6—13 samples. Most of the cultivated plants belonged to this category
(11 species). 30 taxa (129,) were rather frequent, they occurred in 25—509%,
of all samples (in 14-—27 samples). This number included 3 cultivated species,
Triticum aestivum, Seecale cereale, and Brassica campestris. Only 14 taxa (69,).
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were frequent, they were found in over 509, of the samples (in more than
27 samples). Two of them, Chenopodium album and Panicum miliaceum, oc-
curred in more than 759, of the samples. The frequent species were also re-
presented by the highest numbers of diaspores (over 100). The following species
belonged to this group (in parentheses first the number of samples, next the
number of specimens are given): Chenopodium album (46, 5133), Panicum
miliaceum (45, 2517), Typha sp. (35, ), Urtica dioica (35, 1693), Polygonum
convolvulus (35, 591), Chenopodium hybridum (35, 155), Rubus idacus (35, 167),
Setaria glawca (31, 846), Scirpus silvaticus (30, 174), Agrostemma githago (29,
865), Galeopsis tetrahit and G. tetrahit type (29, 264), Solanum nigrum (29, 263),
Rumex tenuifolius (28, 115). Among the less frequent species there were 12 taxa
represented by over 100 fruits or sceds: Setaria viridis or 8. verticillata (27, 350),
Hchinochloa crus-galli (27,301), Polygonum persicaria (26, 402), Triticum aestivum
(26, 123), Hypericum perforatum (26, 109), Chenopodium wurbicum (24, 176),
Hyoscyamus niger (23, 192), Polygonum aviculare (22, 192), Secale cereale (19,
214), cf. Malachium aquaticum (19, 159), Ranunculus repens (18, 283), Galium
spurium (17, 106). In the group classified here as rare species two were rather
abundant, namely Ranunculus sceleratus (10, 107) and Atriplex cf. nitens
(7, 101).

As can be seen from the above lists, the great majority of species frequent
and abundant among macrofossils are synanthropic plants. Part of them grew
on ruderal habitats (Onopordetalia, Polygonum aviculare) and part occurred
as weeds in gardens and field cultivations (Secali-Violetalia ). Ruderals probably
occurred on the Hill. Some garden weeds may also have grown within the
settlement but the majority of weeds was brought together with crops of
cultivated- plants, mainly cereals, from the fields situated outside of the Hill.
Many of these species were still known as common contamination of cereal
grain in modern times, for instance Agrostemma githago, Galeopsis tetrahit
and other species of this genus, Setaria viridis (more seldom 8. verticillata),
8. glauca, Echinochloa crus-galli, Polygonum convolvulus, P. persicaria, and
Chenopodium album (Dobrochotow 1961; Mowszowicz 1955).

Besides cereals, two frequent specics were directly used by the inhabitants,
Rubus idaeus, collected for its edible fruits and Typha sp. gathered for unknown
purpose.

The remaining six frequent species were connected with two types of habitats,
a8 far as soil moisture is concerned. Scirpus silvaticus and Ranunculus repens
included here in Molinietalia, cf. Malachium aquaticum of the alliance Salicion,
and Ranunculus sceleratus of Bidentetalia grew on wet soils, which could be
found in low lying parts of the river wvalleys. Their diaspores were probably
brought to the Hill together with plants of moist meadows. Rumex tenuifolius
of Sedo-Scleranthetea and Hypericum perforatum of Arrhenatheretalia may have
grown in meadows which occupied drier soils on slightly higher grounds and-
were grazed and used for harvesting hay.

The description of the vegetation presented in this paper was based on
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the hypothetical occurrence of plant communities reeonstructed from the
appearance of species -known to-day as their characteristic species or those
most frequently growing in them. Four types of communities were best re-
presented: meadows of the class Molinio- Arrhenatheretea, field weeds of the
order Secali-Violetalia, ruderal communities of the order Onopordetalia and
xerothermic grasslands of the eclass Festuco-Brometea. Each group of plant
communities was described and possible places of their occurrences were
indicated.

It may be of interest to compare the results of the analysis of plant material
from the Wawel with the reconstruction of the potential natural vegetation
of the Cracow arca presented by Korna§ and Medwecka-Korna§ (1974).
These authors distinguished six plant-community complexes occupying different
soils in different topographic situations and for cach complex indicated the
primary and the secondary, anthropogenic communities.

In the subfossil material from the Wawel the largest group of plants is
formed of species connected with communities of the oak-hornbeam forest
complex. They constitute 389, of the total number of speeies and they dominate
over the species of other complexes in all layers with the exception of the LM
layer Vb (Table 6). They are more numerous in samples from special objects
than in random samples because of the greater proportion of field weeds in
the first group of samples. Species of the habitats of this complex represent
almost exclusively the secondary plant communities, which expanded after
the destruction of natural forests (Arrhenatheretalia, Secali-Violetalia, Onopor-
detalia, Atropetalia). Only 49, of species belong to the natural communities
of the alliance Carpinion.

Plants of the complex of riverside forests are the second largest group
constituting 309, of the total number of species. The highest percentage number
of species is found in the LM layer Vb, the smallest number occurs in the
samples from archaeological objects. Contrary to the relations among the
species of oak-hornbeam forest complex, in the riverside forest complex plants
of natural communities play a more important role than those of secondary
communities (Potametea, Phragmitetalia, Isoéto- N anojuncetea, Bidentetalia, Sali-
cion, Alno-Padion, Alnion, and perhaps partly Potentillo-Polygonetalia and
Molinietalia ).

Xerothermic brushwood complex is represented by 12-89, of species, with
its distinet minimum in the LM layer Vb and maximum in pit 1. Species of
the class Festuco- Brometea, which are the main representatives of this complex,
may have grown in primary or secondary communities.

A small number of species is connected with other complexes. Four per
cent of species were assigned here to the complexes of oak-pine and pine forests.
The higher proportion of them in random samples as compared to archaeologieal
objects is caused by the fact that several species were found only in the pollen
spectra.

Analysis of the plant material has proved useful in the characterization
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of archacological layers. It was possible to infere the predominance of certain
types of human activities during the formation periods of certain layers. It was
also possible to demonstrate the uneven spatial distribution of several plant
communities within one layer (VIe), probably reflecting the distribution of
human activities in this part of the settlement. This question could not be
discussed in greater detail as no detailed archaeological studies have been made.

It was attempted to connect some of the changes in the stratigraphic ap-
pearance of plants of the riverside forest complex with the possible oscillations
of water table. Certain changes in the pollen and macrofossil diagrams were
interpreted as the result of the lowering of water level during the formation
of loiyers VIf (9—10th century) and VIe, (10—11th century) and of its rise
during the accumulation of the layer VIe (11—12th century). This hypothesis
should be checked in farther studies, but it agrees with the observation of
Radwanski (1972, 1975) that in the 11th century the medieval settlement
of the Cracow area withdrew to ground slightly higher than that which it
occupied in the 9—10th century A. D.

Polish Academy of Sciences, Institute of Botany, Department of Palaeobotany, Lubicz 46,
31-512 Krakéw
Polska Akademia Nauk, Instytut Botanilki, Zaklad Paleobotaniki
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STRESZCZENIE

SZCZATKI ROSLINNE Z WCZESNEGO I POZNEGO SREDNIOWIECZA ZNALEZIONE
NA WZGORZU WAWELSKIM W KRAKOWIE

WSTEP

Poczatki badan nad §redniowieczng ro§linnoscig Krakowa siegaja lat trzy-
dziestych naszego stulecia, kiedy to w wykopach na Rynku Gléwnym stwier-
dzono wystepowanie bogatej i stratygraficznie zrézinicowanej flory (Szafer,
nie publ.). Po drugiej wojnie Swiatowej, wraz z dynamicznym rozwojem badan
archeologicznych, nastgpilo ozywienie zainteresowania szezatkami ro§lin za-
chowanymi w warstwach osadniczych. Ukazalo si¢ wiele prac opisujacych
rosliny znajdowane w wykopaliskach rozrzuconych na terenie calego miasta,
a pochodzgce z réznych okreséw pradziejéw. M. in. pojawily sie takze opra-
cowania wezesnosredniowiecznych szezgtkéw roslinnych ze Wzgérza Wawel-
skiego (Burchardéwna 1953; Gizbert & Zaki 1954; Gizbert 1960; Kli-
chowska 1955, 1956, 1964). Najpelniejsza lista roflin opublikowana przez
Klichowskyg (1964) obejmowala 21 gatunkéw rodlin dzikich i 19 gatunkow
roslin uprawnych.

Obecne badania rozpoeczeto w 1955 r. z inicjatywy prof. dra W. Szafera
i doc. dra A. Zakiego. W pierwszym etapie, po§wieconym zebraniu materialu
i wstepnym oznaczeniom, w badaniach tych oprécz autorki wzieli udziak
doc. dr M. Reymanéwna, ktéra wykonata analizy wegli i drewien oraz
prof. dr B. Szafran, ktory oznaczyt kilka gatunkéw mchéw. Po dluiszej
przerwie badania podjeto ponownie w 1972 r. przy wspéludziale dr 'W. Ko-
perowe]j, ktéra wykonata analize pylkowsg i prof. draK. Karczmarza, ktéry
zajal si¢ szczegdtowym opracowaniem mchow. Podobne badania na materiale
ro§linnym z Rynku Gléwnego przeprowadzila A. Wieserowa (w druku).
Oba opracowania, dotyczagce materialu roslinnego z Wawelu i z Rynku Glow-
nego, tworzg pewng cato§é i uzupelniaja sie wzajemnie, szezegdélnie w czefei
systematycznej. Duza cze§é oznaczen szezatkéw makroskopowych zostata
przedyskutowana przez obie autorki, a opisy morfologiczne i rysunki tych
samych gatunkoéw podano zasadniczo tylko w jednej 7 prac, chyba ze po-
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wtorzenie uznano za celowe. W rezultacie tych dwu opracowaii, uzupelionych
przez oznaczenia mchéw (Karczmarz, w druku), §redniowieczna flora Kra-
kowa, liczaca ponad 400 taksonéw, nalezy do najlepiej zbq.danych flor miej-
skich z tego okresu.

POLOZENIE WZGORZA WAWELSKIEGO, OSADNICTWO, DATOWANIE WARSTW
ARCHEOLOGICZNYCH

Polozenie Wzgoérza ilustruje rye. 1, a jego zabudowe $redniowieczngrye. 2t
(Jamka 1963; Radwanski 1975; Zaki 1956). Datowanie warstw archeolo-
gicznyeh oparte na ceramice zostalo sprawdzone przez dra S. Koziela w 1975 r.
Wiek warstw podano w tabelach i diagramach. Dokladniejsze okreslenie cha-
rakteru warstw archeologicznych nie bylo mozliwe ze wzgledu na to, ze materiat
archeologiczny z tej czesci Wzgérza nie zostal w pelni opracowany.

Okreflenia wezesne §redniowiccze uzywano w pracy w odniesieniu do okresu
od okolo 550 do 1257 r. n.e. (data wielkiej lokacji Krakowa), péZne $rednio-
wiecze — w stosunku do okresu od 12537 do 1492 r. '

METODA .

Zbieranie préb i ich przygotowanie laboratoryjne

Proby do badan botanicznych pochodza z rejonéw VB, VIB, X i XII
(rye. 3, tab. 1, 2, 3). Wiekszo§¢é z nich zebrano w wykopie szerokoprzestrzennym
z rejonu X. Serie prob ziemi do badan makroskopowych pobrano ze $ecian
wykopu w 13 punktach (rye. 4, 5, 61). Opracowano tylkopo 1—5 préb z kazdej
warstwy. Préby te nie byly zwiazane z rozpoznanymi w terenie obiektami
archeologicznymi i 83 okreS§lone w tabelach jako préby losowe z warstw, repre-
zentujace przecigtny sklad kazdej warstwy. Oprécz prob losowych zbadano
proby z obiektéw archeologicznych: 12 préb z jamy 1, jedna prébe z chaty 3
i jedng z korobki. Liaeznie ze wszystkich rejonéw zbadano dokladnie pod wzgle-
dem skladu iloSciowego i jako§ciowego 55 prdéb ziemi oraz 43 préby zlozone
wylgeznie z pestek lub hupin orzechéw. Ponadto pobieznie przejrzano 48 proéb
ziemi (proby dodatkowe) oznaczajae tylko dominujgce zboza i niektére bardziej
interesujgce gatunki. Wegle i drewna opracowano z 44 préb (M. Reymandéwna)
oraz wykonano analize pyltkowg 16 préb pochodzacych z jednego profilu zebra-
nego w punkeie IT (W. Koperowa).

Do laboratoryjnego przygotowania préb uzyto metod normalnie stosowa-
nych w badaniu flor ezwartorzedowych.

Tabele i diagramy

W tabelach i diagramach zestawiono tylko te taksony, ktére mozna bylo
powigzaé z okredlonymi zbiorowiskami ro§linnymi (oznaczenia ga.tunkowe
1 niektére rodzajowe). Pelna lista ro§lin oznaczonych z Wawelu ukaze sie w od-
dzielnej pracy (VVasthowa, w druku).

! Rye. 2, 5, 6 i tab. 3 zamieszezono na koricu zeszytu.
6 — Acta Palaeobotanica XIX/2



194

Tabele 5,10, 11, 14, 16—182 pozwalaja zorientowac si¢ w wystepowaniu gatun-
kéw w poszcyegolnyeh warstwach archeologicznych i w zbadanych obiektach
archeologicznych. Pozycje w rubryce ,Liezba préb [liezba punktéw” podaja
ogélng liczbe prob zbadanych z kazdej warstwy i liczbe punktéw na planie
wykopu, z ktérych te proby zostaly zebrane., Dla kazdego taksonu pierwsza
cyfra oznacza liczbe préb, w ktérych znaleziono szczatki makroskopowe danego
taksonu, druga liczbe punktéw, z ktérych te proby pochodzg. ,,Suma w VIe”
obejmuje wszystkie proby z warstwy VIe w rejonie X, tzn. préby losowe,
préby z jamy 1, z chaty 3 i z korobki. ,,Ogélna liczba préb” obejmuje wszystkie
proby zawierajace szezatki makroskopowe danego taksonu (lgeznie z prébami
ubogimi w szezatki i prébami z warstw przejsciowych pominietymi w §rodkowej
czescel tabeli), z wyjatkiem dodatkowych préb ziemi oraz préb pestek i orzechdéw.
»,Suma okazéw” obejmuje liczbe owocow i nasion (w kilku przypadkach innych
szezgtkéw makroskopowyceh) znalezionyeh w prébach objetych ogdlng liczbg
proéb.

Tabela 6 podaje dla wyréznionych jednostek fitosocjologicznych i dla kom-
plekséw zbiorowiskowyech liezbe taksondw znalezionych w poszezegdlnych
warstwach i obiektach. Kompleksy zbiorowiskowe przyjeto wedlug Kornasia
i Medweckiej-Kornas 1974, z uzupelnieniami z Trzcinskiej-Tacik i Wie-
serowej (1976). ,Suma w VIe” obejmuje taksony znalezione we wszystkich
probach z warstwy VIe w rejonie X (patrz wyzej). ,Suma gatunkéw” obejmuje
taksony znalezione we wszystkich zbadanyeh probach, lacznie z dodatkowymi
prébami ziemi. Procenty dla wszystkich grup, z wyjatkiem roslin uprawnych,
obliezono w stosunku do sumy gatunkéw roslin dzikich znalezionych w danej
warstwie lub obiekecie. Procenty dla ogdlnej sumy gatunkoéw (przedostatnia
kolumna) oparto na ogdlnej sumie gatunkéw (bez rolin uprawnych) znalezio-
nych w calym materiale. Procenty roflin uprawnych obliczono w stosunku do
tyeh samych sum z wilgcezeniem do nich roslin uprawnych.

Diagramy na ryc. 8, 9, 102 ilustrujg procentowy udziat owocéw i nasion w po-
szczegllnych probach. W czefei gérnej diagraméw podano proby z poszezegol-
nych warstw archeologicznych. Préby z rejonu X zostaly uporzadkowane na osi
pionowej w ten sposéb, ze préby z tej samej warstwy, choé¢ z réznych czesel
wykopu, narysowano jedna nad druga, mniej wiecej zgodnie z ich glebokosciami.
Ta cze$é diagramow ilustruje udzial procentowy diaspor poszezegélnych ga-
tunkéw w o$miu warstwach z wezesnego i w jednej z péznego Sredniowiceza.
W dolnej czesei diagramdéw umieszezono serie préb z jamy 1 i z warstw nadle-
glych zebrana jako jeden ciggly profil. Préby z warstw nadlegltych (nr 3a, 3b,
3¢, 3d, 3e) zostaly powtérzone w gérnej ezesei diagraméw. Ponizej podano
prébe z chaty 3, z korobki i dwie proby z rejonu XII.

Glebokosé prob mierzono w stosunku do pozioméw ,,0”, ktére dla poszeze-
gélnych rejonéw znajdowaly si¢ na wysokosciach:

2Tab. 5, 6, 10, 11, 14, 161 17 orazrye. 8—11 zamieszezono na korcu zeszytu.
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rejon X, wykop szerokoprzestrzenny — 223,84 m n.p.m.
rejon VIB — 225,035 m n.p.m.

rejon VB — 228,535 m n.p.m.

rejon XII — 229,74 m n.p.m.

Diagram na ryc. 11 jest grafiezng ilustracja tabeli 6.

OVI8 OZNACZONYCH SZCZATKOW

W rozdziale tym wymieniono wszystkie taksony oznaczone z Wawelu na
podstawic owocéw, nasion i lifei (autorka), na podstawie wegli i drewien
(M. Reymandéwna, nic publ.), na podstawie pylku i spor (W. Koperowa,
nie publ.), oraz mchy oznaczone przez B. Szafrana (nic publ.). Nie uwzgled-
niono wynikéw analizy mechéw, wykonanej ostatnio przez K. Karezmarza
(w druku). Opisy morfologiczne dotycza tylko taksonéw oznaczonych przez
autorke. W kazdym opisie podano ogolng liczbe okazéw znalezionych we wszyst-
kich prébach zbadanych dokladnie pod wzgledem iloSciowym i jakoSciowym
oraz liczbe préb, w ktorych dany takson wystapil. Ponadto zanotowano (bez
podania ilofci) wystepowanie gatunkéw w probach dodatkowych. Wiekszosé
szezatkow byla nie zweglona, znalezienie okazéw zweglonych zaznaczono
w opisic. Pomiary na ogoél wykonano na okazach suchych. W kilku przypadkach
mierzono okazy wilgotne tuz po szlamowaniu, a po kilku latach pomiar powtoé-
rzono na okazach suchych. We wszystkich tych przypadkach stwicrdzono skur-
czenie okaz6w, Przy koncu opisu podano przynalezno$é fitosocjologiczna, o ile
mozna jg bylo ustalié, oraz numer tabeli, w ktorej dany takson zostal umiesz-
czony. Wystepowanie tych taksonéw w poszezegélnych warstwach mozna od-
czytaé z tabel, natomiast rozmieszezenie taksonéw o nieokreslonej przynalez-
nosei fltowc]olog,mzn(j, ktore pomninieto w tabelach, podano przy opis:eh
morfologicznych.

Nazwy rosiln (z kilku wyjatkami). przyjeto wedlug ,Roslin polskich” (Sza-
fer et al. 1953), nazwy obowigzujace wedlug ,,Flora europaea” podano w nawia-
sach. Klasyfikacje fitosocjologiczng przyjeto wg ,Szaty roSlinnej Polski”
(Medwecka-Korna$ et al. 1972) z uzupelieniami z Ellenberga (1974).

REKONSTRUKCJA SREDNIOWIECZNYCH ZBIOROWISK ROSLINNYCH

Rekonstrukeje roslinnosci oparto na podstawach fitosocjologicznych wy-
chodzac z zalozenia, ze Sredniowieczne zespoly roflin byly podobne do dzisiej-
szych. Do danej jednostki fitosocjologieznej zaliczono gatunki uwazane obecnie
za charakterystyczne dla tej jednostkii dla nalezgeych do niej jednostek nizszego
rzedu oraz gatunki, ktére obecnie najezesciej wystepuja w zespolach tej jed-
nostki (Trzecinska-Tacik & Wieserowa 1976). W przypadku 11 gatunkow
zastosowano inne kryteria klasyfikacyjne, mianowicie kicrowano sie ich przy-
puszezalnym wystepowaniem na siedliskach naturalnych lub przebiegiem krzy-
wych ich diaspor w diagramach.

Ekologiczne warunki wystepowania znalezionych roslin scharakteryzowano

6
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dodatkowo na podstawie liczb wilgotnogci (F, tab. 7), zasobnosci w azot (N,
tab. 8) i odezynu gleby (R, tab. 9) wprowadzonych przez Ellenberga (1974).

Opisano okoto 20 zbiorowisk roslinnych, z ktérych mogly pochodzié gatunki
znalezione w materiale (tab. 6). Niektére z nich rozwijaly sie na miejscu, ale
wiekszo$é wystepowala poza terenem Wzgébrza, '

Przedstawiono dokladniejsza charakterystyke najliczniej reprezentowanych
zbiorowisk z rzedow Secali-Violetalia i Onopordetalia oraz z klas Molinio-Arrhe-
natheretea i Festuco-Brometea. ,

Wiéréd chwastow (tab. 11) stwierdzono wystepowanie 11 gatunkéw charak-
terystyeznych dla Caucalidion i na tej podstawie wyrazono przypuszezenie, ze
cze§é zboza sprowadzano na Wawel z terenu Wyzyny Miechowskie], gdzie zesp6t
ten mogl mieé najlepsze warunki rozwoju. Analiza gatunkéw charakterystycz-
nych chwastow i analiza lieczb wskaznikowych Ellenberga pozwala przy-
puszezaé, ze chwasty pochodzily z dwu typéw upraw i trzech typéw siedlisk.
Chwasty z Polygono-Chenopodietalia mogly rosnaé na glebach §wiezyeh do wil-
gotnych, bogatych w azot. Byly przypuszczalnie zwigzane z uprawami ogrodo-
wymi i z uprawg prosa. Mogly rosnaé na Wizgérzu w ogrodkach. Chwasty
z Centauretalia byly zwigzane gléwnie z ozimag, a czedciowo i z jarg uprawg zbéz,
wiekszoS¢ (przede wszystkim gatunki ze zwigzku Caucalidion) rosta na glebach
suchszych, bogatych w weglan wapnia, o niskiej zawartoéci azotu. Natomiast
obecnosé trzech gatunkow acidofilnyeh (Scleranthus arvensis, Spergula arvensis
var. arvensis, Aphanes arvensis ) wskazuje, ze czeié pol znajdowala sie na glebach
kwasnych, piaszezystych. Wyrazng réznice w stosunku do dzisiejszych zespolow
chwastow polnych stanowil niemal zupelny brak Centawrca cyanus. Rozprze-
strzenienie si¢ blawatka w okolicy Krakowa nastapilo przypuszczalnie okolo
przetomu 12 i 13 wieku n.e., poniewaz w warstwach z tego okresu z Rynku
Gléwnego wyraznie zwiekszyl si¢ udzial pylku tego gatunku (Koperowa,
nie publ.). Chwasty z podrzedu Centauretalia prawdopodobnie nie rosty trwale
na Wzgorzu Wawelskim, ale dostawaly si¢ tam jako zanieczyszczenie zboza.

Duzy udzial gatunkéw zaliczonych do klasy Molinio-Arrhenatheretea we
wszystkich warstwach wskazuje na znaczne rozprzestrzenienie sie lak §wiezych
i wilgotnych w okolicy (tab. 14). Roliny tych lak byly zawlekane na Wzgdirze
przypadkowo przez ludzi i zwierzeta, albo przynoszone celowo jako pasza
dla zwierzat. We wezesnym S§redniowieczu wazniejsza role odgrywaly
Iaki wilgotne z rzedu Molinietalia, ktére mogly by¢é nieregularnie $cinane. Nieco
wiekszy udzial gatunkéw lak Swiezych z Arvhenatheretalia zaznaczyl sie w dwu
warstwach wezesnoSredniowiceznych VIg i VIe, a wyraZng przewage nad ga-
tunkami Igk wilgotnych uzyskaly one w warstwie Vb z 15 w. Laki §wieze uzyt-
kowano joko pastwiska i 1aki kodne, wige wzrost liczby ich gatunkéw w warst-
wach osadniczych moze wskazywaé na bardziej intensywne uzytkowanie tych
Iak, a tym samym na wi¢ksza role hodowli zwierzat domowych (przynajmniej
w tej czesci Wzgodrza).

W przeciwienstwie do dwu poprzednich grup, rosliny ruderalne z rzedu
Onopordetalia (tab. 10) rosty na samym Wzgérzu, w miejscach wzbogaconych
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w azob przez odpadki i odchody, ale nie narazonych na ustawiczne deptanie
(por. duza liczba gatunkoéw i okezow w chacie 3 i w stropie jamy 1, rye. 10111).
Gatunki z klasy Festuco-Brometea mogly pojawiaé sie na Wzgérzu w niewielkich
platach muraw, a czesciowo mogly byé zawlekane ze zbozem (tab. 16).

7Z roslin lesnych wéréd szezatkow makroskopowych najlepiej byly repre-
zentowane gatunki legéw wierzbowo-topolowych lub wtérnych zarosli wierzbo-
wych (Salicion). Z gatunkow gradowych w wieksze]j liczbie zachowaly si¢ tylko
te, ktore dostarczaly jadalnyeh owocow (tab. 17).

Rosliny uprawne reprezentowane sa przez 20 gatunkow (tab. 18). Wiréd
zb6z dominuje proso znalezione niemal we wszystkich préobach. Na drugim
miejscu wystapily pszenica i zyto, znacznie mniej bylo owsa, a tylko spora-
dycznie pojawil sie jeczmien. Przewaga prosa wskazuje, ze bylo ono pospolitym
skladnikiem pozywienia mieszkancow tej czescl Wzgorza. Wydaje si¢ jednak,
ze przy ocenie roli, jaka odgrywato proso w pozywieniu, trzcba takze uwzglednié
wybidrezos¢ materiatu dostepnego badaniom, dzialajaea na korzys$é prosa.
Odmienny niz w przypadku pszenicy i zyta sposob przechowywania i obrobki
ziarna sprawial, ze oplewione ziarniceki lub puste plewki prosa byly rozsypywane
na ziemi w obrebie niemal calego obejscia. Z kolei za$ odpornosé plewek na
rozklad i latwosdé ich oznaczania przyezynialy sie do tego, ze byly one czedeie]
znajdowane w §redniowieeznych warstwach kulturowych anizeli pozostale zboza,
zachowane niemal wylgeznie w stanic zweglonyni.

CHARAKTERYSTYKA BOTANICZNA WARSTW ARCHEOLOGICZNYCU

Stwierdzono, ze warstwy archeologiczne wyrdznione w frakeie prac wyko-
paliskowych rdznig sie skladem gatunkowym roflin (rye. 11, tab. 6) i illodciowym
wystepowaniem diaspor réznych gatunkéw (rye. 10). Warstwy VIg i Vie
charakteryvzuje wiekszy udzial chwastéw i rodlin lakowych, przypuszezalnie
w wyniku prowadzonej na miejscu dzialalnosci gospodarczej zwiazanej 7 gro-
madzeniem zb67z z chwastami, trzymaniem zwierzat domowych pasacych sie
na lakach i gromadzeniem dla nich paszy. Warstwy VIf, VIe, i gérna czedé
VIe—d charakteryzuje duzy udzial roslin ruderalnych z Onopordetalia, wska-
Zujac na czasowe opuszezenie terenu przez mieszkancow. W obrebie warstwy Ve,
przy ogélnym uporzagdkowaniu terenu (mala liczba gatunkoéw roglin ruderalnych
w probach losowych), zbiorowiska ruderalne rozwijaly si¢ bujnie przy chacie 3
i przy jamie 1 (rye. 11). :

Zawartosé jamy 1 pozwolila na wyrédznienie 3 faz rozwoju jamy: dwu dolnych
faz uzytkowania jej jako jamy odpadkowej (duzo chwastéow, rye. 10 i 11) oraz
fazy najmlodszej, gdy po wypehieniu jamy do 2/3 zostala ona zaro$nieta przez
rosliny ruderalne z Onopordetalia.

PODSUMOWANIE [ WNIOSKI

7 Wawelu opisano laeznie 340 teksonow, w tym 249 gatunkdow roslin kwia-
towych, 6 gatunkow paprotnikéw, 12 gatunkéw mchow i 1 gatunek grzyba.
Przynaleznosé fitosocjologiczng ustalono dla 273 taksondw.
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Przeprowadzono analize czestosci wystepowania gatunkéw stwierdzonych
na podstawie szezgtkow makroskopowych. Sposréd 246 taksondéw oznaczonych
na podstawie szezatkéow makroskopowych, dla ktérych ustalono przynaleznosé
fitosocjologiczng, wiekszosé, tj. 202 taksony (82 9,), nalezala do form dosé rzad-
kich, znalezionych w mniej niz 259%, zbadanych préb (w 1—13 prébach).
W obrebie tej grupy ponad polowa gatunkdéw wystgpila tylko w 1—5 prébach.
30 gatunkow (129%) bylo doié¢ czestych, tzn. wystapily w 14—27 prébach
(w 25—509, prob). Jako czeste mozna okresli¢ 14 taksondw (69%,) znalezionych
w ponad 509, préb (w ponad 27 prébach), a dwa z nich, Chenopodium album
i Panicum miliaceum, wystapily niemal we wszystkich prébach (w ponad 759,
prob). Gatunki czeste byly reprezentowane takze przez najwieksza liezbe diaspor
(ponad 100, niektére ponad 1000 okazow). Wiekszosé gatunkdéw, ktorych
szezatki makroskopowe wystapily czesto i obficie, nalezala do roflin synantro-
pijnych.

Nawigzujac do kompleksow zbiorowiskowych roslinnosci potencjalnej opi-
sanych przez KornasiaiMedweckg-Kornas (1974) stwierdzono, ze wiekszo$é
gatunkow znalezionych w stanie subfosylnym wiaze si¢ z kompleksem gradow
(389, tab. 6), nicco mniej z kompleksem legéw (309,). Dos§é dobrze reprezen-
towany jest kompleks cieplych zarosli (12,8%). W obrebie kompleksu gradéw
przewazaja zdecydowanie zbiorowiska antropogeniczne (Onopordetalia, Secali-
Violetalia, Arrhenatheretalia, Atropetalia), w obrebie tegow wieksza role odgry-
wajq zbiorowiska naturalne lub na poét natura’ne (Potametea, Phragmitetalia,
Isoéto-Nanojuncetea, Bidentetalia, Salicion, Alno-Padion, Alnion, Molinietalia
i ezesciowo Potentillo-Polygonetalia ).

Przeprowadzono probe powiazania pewnych zmian w wystepowaniu gatun-
kéw kompleksu tegowego z wahnieniami poziomu wody i wskazano na mozliwosé
obnizenia sig poziomu w czasie forinowania sie warstw VIf (9—10 wiek n.e.)
i VIe, (10—11 wiek) oraz ponownego jego podnicsienia si¢ w czasic tworzenia
si¢ warstwy VIe (11—12 wiek).
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Plate I

Tablica I

Pteridium aguilinum, three fragments of tertiary leaves (trzy fragmenty listkéw
trzeciego rzedu)

Alisma plantago-aquatica, seed (nasienie)

Amaranthus lividus of. var. lividus, seed (nasienie)

Cerinthe minor, fruit (owoc)

Lithospermwm arvense, 7. fruit with outer layer of pericarp (owoe z zewnetrzng warstwa
owocni), 8. one fruit without outer layer of pericarp, from ventral and lateral sides
(jeden owoc bez zewnetrznej warstwy owoeni, od strony brzusznej i z boku)
Symphytum officinale, fruit (owoc)

Campanula persicifolia, seed and its cross-section (nasienie i jego przekrdj poprzeczny)
C. patula, sced and its cross-gection (nasienie i jego przekrdj poprzeezny)

C. tracheliwm type, one seced from two sides (jedno nasienie z dwu stron)
Cannabis sativa, 13. fruit with remnants of outer layer of pericarp (owoc z resztks
zowngtrznej warstwy owoeni), 14. fruit without outer layer of pericarp (owoe bez
zownetrznej warstwy owocni)

Atriplex of. nitens, sced (nasienie)

Chenopodium album s. str., seed (nasgienie)

C. ef. opulifolium, seed (nasicnie)

C. cf. viride, sced (nasienie)

Iach scale line equals 1 mm. Figs. 15-—18 are at the same magnification (Podzialka oznacza 1 mm. Ryc. 15—18
83 w tym samym powickszeniu)
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Plate II

Tablica II

Dianthus sp., seed (nasienie)

D. armeria, seed and fragment of testa (nasienie i fragment testy)

Moehringia trinervia, sced (nasienie)

Spergula arvensis var. arvensis, seed (nasienie)

S. arvensis var. maxima, seed (nasienie)

Cerastium silvaticum, seed (nasienie)

cf. Silene inflata, seed (nasienie)

Saponaria officinalis, seed (nasienie)

Melandrium rubrum, seed (nasienie)

Camelina microcarpa ssp. sylvesiris, seed (nasienie)

Conringia orientalis, subfossil seed and fragment of testa showing a -— outer layer of pericarp
and b — under layer (subfosylne nasienie i fragment testy z widoczna a — zewnetrzng
warstwa owoeni i b — warstwa lezaca ponizej)

C. orientalis, two fragments of testa from one extant seed (dwa fragmenty testy z jednego
wspoélezesnego nasienia)

Camelina alyssum, fragment of testa of extant seed (fragment testy ze wspodlezesnego
nasienia)

C. sativa, fragment of testa of extant sced (fragment testy ze wspoélezesnego nasienia)

Each scale line equals 1 mm. Figs. 3—9 are at the same magnification (Podzialka oznacza 1 mm. Ryec. 3—9
sa w tym samym powiekszeniu)






Plate III

Tablica III

, 2. Centaurea cf. austriaca, 1. involucral bracts (luski okrywy koszyczka), 2. fruit (owoc)
C. jacea, fruit (owoc)

1

3 .

4. C. scabiosa, fruit (owoc)

5, 6. C. sp., two fruits without outer layer of pericarp (dwa owoce bez zewnetrznej warstwy
owoeni), 5. uncharred specimen (okaz niezweglony), 6. charred specimen (okaz zweglony)

7. Carduus crispus or C. acanthoides, fruit (owoc)

8. C. ef. nutans, fruit (owoc)

9. Cirsium arvense, fruit (owoc)

10. C. oleraceum type, fruit (owoc)

11. Knautia arvensis, fruit (owoc)

12.  Convolvulus arvensis, sced (nasienie)

13. Brassica campestris, one sced from two sides (jedno nasienie z dwu stron)

Each scale line equals 1 mm (Podzialka oznacza 1 mm)
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Plate IV

Tablica IV

Heleocharis palustris, two fruits (dwa owoce)

Cyperus flavescens, fruit (owoc)

Carex leporina, 4. fruit (owoc), 5. fruit with utricle (owoe z pecherzykiem)
C. cf. vulpina, 6. utricle (pecherzyk), 7. fruit (owoc)

C. vesicaria, 8. utricle (pecherzyk), 9. fruit (owoc)

C. caryophyllea type, fruit (owoc)

C. fusca, fruit (owoc)

C. sect. Muehlenbergianae, 12. fruit with remnants of utricle (owoc z resztkami peche-
rzyka), 13. fruit without utricle (owoc bez pecherzyka)

C. hirta, 14. utricle (pecherzyk), 15. fruit (owoc)

C. rostrata, 16. utricle (pecherzyk), 17. fruit (owoe)

Scirpus silvaticus, 18. fruit (owoc), 19. seed (nasienie)

Blysmus compressus, fruit (owoc)

Each scale line equals 1 mm. Figs. 3—17 are at the same magnification (Podzialka oznaocza 1 mm. Ryc. 4—17
sg w tym samym powiekszeniu)
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Plate VI

Tablica VI

Panicum miliaceum, four charred caryopses from ventral, dorsal, and lateral sides
(ecztery zweglone ziarniaki od strony brzusznej, grzbictowej i z boku)

Setaria glauca, two caryopses from ventral, dorsal and lateral sides (dwa ziarniaki
od strony brzusznej, grzbietowej i z boku), 5. uncharred specimen (okaz nie-
zweglony), 6. charred specimen (okaz zweglony)

S. wiridis or S. verticillata, four charred caryopses from ventral, dorsal and lateral
sides (cztery zweglone ziarniaki od strony brzusznej, grzbietowej i z boku),
7. specimen with remnants of lemma and palea, typical damage caused by carbo-
nization visible at the apex of grain from lateral side (okaz z resztkami plewek,
charakterystyczne znieksztalcenie wywolane zwegleniem widoczne na szezycie
ziarniaka od strony bocznej)

Echinochloa erus galli, three charred caryopses from ventral, dorsal, and lateral
sides (trzy zweglone ziarniaki od strony brzusznej, grzbietowej i z boku), 13. speci-
men with remnants of glumes at the apex (okaz z resztkami plew na szezycic)

equals 1 mm. All figures are at the same magnification (Podzialka oznacza 1 mm. Wazystkie

ryciny sa w tym samym powiekszeniu)



Plate VI
Tablica VI

Acta Palaeobotanica XIX/2
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Plate VII
Tablica VII

Luzula cf. multiflora, capsule (torebka)
L. cf. nemorosa, seed (nasienie)

. Linum wusitatissimum, seed and fragment of capsule (nasienic i fragment torebki)
. Lythrum of. salicaria, 5. one seed from two sides (jedno nasienie z dwu stron), 6. sced with

papillae visible (nasienie z widocznymi brodaweczkami)

Betonica officinalis, one fruit with partly damaged outer layer of pericarp, from dorsal
and ventral sides (jeden owoc z czesciowo zniszezona zewnetrzna warstwa owocni od
strony grzbictowej 1 brzusznej)

Ballota nigra, one fruit from ventral and dorsal sides (jeden owoc od strony brzusznej
i grzbictowej)

Galeopsis cf. ladanum, fruit (owoc)

G. cf. angustifolia, fruit (owoe)

Chaiturus marrubiastrum, fruit (owoc)

Lamium cf. album, fruit with damaged outer layer of pericarp (owoe ze zniszezong ze-
wnetrzny warstwa owoeni)

L. purpureum, fruit (owoc)

Marrubium vulgare, one fruit from ventral and dorsal sides, fragment of testa shows the
sculpture (jeden owoe od strony brzusznej i grzbietowej, fragment owocni ukazuje typ
skulptury) '

Nepeta cf. nuda, fruit (owoc)

N. cataria, frait (owoc)

Mentha cf. arvensis, fruit (owoe)

Salvia cf. pratensis, fruit (owoc)

S. verticillata, fruit (owoc)

S. ef. nemorosa, fruit (owoc)

Stachys stlvatica, one fruit from ventral and lateral sides (jeden owoc od strony brzusznej
i z boku)

8. palustris, fruit (owoc)

8. recta, fruit (owoce)

8. annua, fruit (owoc)

Malva alcea or M. moschata, sced with broken testa (nasienie z peknieta luping)

M. crispa, seed (nasienie), i — length, B — breadth for figs. 25, 26, and 27 (I. — dlugoéé,
B — szeroko$é dla rye. 25, 26 i 27)

Lavatera thuringiaca, seed (nasienie)

Plantago lanceolata, seed (nasienic)

Primula sp., seed (nasienie)

Rumex cf. maritimus, fruit (owoc)

Papaver rhoeas type, seed (nasienie)

Fumaria officinalis, fruit from the apex and from the lateral side (owoe od szezytu i od
strony boeznej), I — length (dtugosé), B — breadth (szerokosé)

Each scale line equals 1 mm. Figs. 7—14 and 21—27 are at the same magnification (Podzialka oznacza 1 mm.
Rye. 7—14 i 21—27 sa w tym samym powigkszeniu)






Plate VIII

Tablica VIII

1. Coronilla varia, charred seed (zweglone nasienie)

2. Lens esculenta, charred seed (zweglone nasienie)

3. Trifolium cf. repens, charred seed (zweglone nasienie)

4. Medicago lupulina, legume (strak)

5. Thalictrum minus, fruit and its cross-section (owoc i jego przekrdj poprzeczny)

6. T. ef. lucidum, fruit and its cross-section (owoe 1 jego przekrdj poprzeczny)

7. 8. T. flavum type, two fruits and their cross-sections (dwa owoce i ich przekroje
poprzeczne), 7. broad-oval type (typ szerokoowalny), 8. narrow-oval type (typ
waskoowalny)

9. cf. Asperula cynanchica, fruit (owoc)

10. Galium uliginosum, fruit (owoc) -

11. G. cf. silvaticum, fruit (owoc)

12, 13. Filipendula wlmaria, 12. fruit (owoe), 13. seed (nasienie)

14. Fragaria vesca, fruit (owoc)

15, 16. F. viridis, two fruits (dwa owoce)

17. Potentilla recta, fruit (owoc)

18. P. reptans, fruit (owoc)

19. P. supina, fruit (owoc)

20. P. anserina, fruit from dorsal side (owoec od strony grzbietowej)

21. Frangula alnus, fruit-stone (pestka)

99

2, 23, 24. Sparganium ramosum, 22. fruit-stone (pestka), 23, 24. two fruits (dwa owoce)

LEach scale line cquals 1 mm. Figs. 14—20 are at the same magnification (Podzialka oznacza 1 mm. Ryc. 14—20
sa W tym samym powiekszceniu)
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Plate IX

Tablica 1X

Terbascum cf. wigrum, capsule and one sced from another capsule (torebka i nasienie
z innej torebki)

Pedicularis palustris, secd and fragment of testa showing sculpture (nasicnie
i fragment testy ze skulptura)

cf. Odontites sp., seed (nasienic)

Caucalis daucoides, fragment of fruit from dorsal side (fragment owocu od strony
grzebictowej)

Angelica silvestris, fruit from dorsal side (owoc od strony grzbictowej)
Chaerophyllum. aromaticum, fruit from dorsal side (owoe od strony grzbietowej)
Astrantia maior, fruit from dorsal side (owoc od strony grzbictowej)

Torilis japonica, fruit from dorsal side (owoc od strony grzbictowej)

Pastinaca cf. sativa, fruit from dorsal side (owoe od strony grzbietowej)

cf. Carum carvi, fruit without outer laver of pericarp, dorsal side (owoe bez zew-
netrznej warstwy owoceni, strona grzbietowa)

Pimpinella cf. maior, fruit from ventral side (owoc od strony brzusznej)

P. cf. sarifraga. fruit from ventral side (owoce od strony brzusznej)

Conium maculatum. fruit without outer layer of pericarp, dorsal side (owoe bez
zewnetrznej warstwy owoeni, strona grzbiectowa)

Cicuta virvosa, fruit from dorsal side (owoc od strony grzbietowej)

Typha latifolia, 16. fruit with stype and style with broken ends (owoc z szypulka
i szyjka stupka o ulamanych koiicach), 17, 18. styles with stigmas (szyjki stupkow
z¢ znamionami)

Each scale line equals 1 mm (Podzialka oznacza 1 mm)
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Fig. 2. Map of the Wawel Hill (from Radwarniski 1975). 1 — pre-Romanesque and Romanesque stone buildings:
preserved, reconstructed, and assumed, 2 — discovered parts of timber-stone-earth rampart from early
medieval times, 3 — probable plan of the whole rampart, 4~—7L——§places whereisamples for botanical studies
were collected
Rye. 2. Plan Wzgérza Wawelskiego (z Radwanskiego 1975). 1 —przedromanskie i romaziskie budowle kamienne:
zachowane, zrekonstruowane i domniemane, 2 — stwierdzone eczegei drewniano-kamienno-ziemnego watu ob-
ronnego z okresu wezesnego fredniowiecza 3— przypuszezalny przebieg walu 4—7 — miejsca zebrania prob
q° badan botanicznych
K. Wasplikowa
Acta Palaeobotanica XIX/2
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Fig. 5. Fragment of profile A of large-area excavation from region X showing the loeation of samples, simplified. Explanations as in Tig. 6
Rye. 5. Fragment sciany A wykopu szcrokoprzestrzennego w rejonie X z zaznaczonym polozeniem préb, uproszezone. Objasnienia jak na rye. 6

K. Wasylikowa
Acta Palaeobotanica XI1X/2
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Results of the analysis of wood feund in the region X (M. Reymandwna, wiptbl.)

Wynlki analizy drewna pochedzzcego z rejfmu X (M. Reymandwna, niepubl.)

Table 3
Tabela 3

Laths - Dranice

Posts and pegs

Other wooden elements

Fragments cf weod (W)

Bark fragments

Stupy 1 koxki Inne elementy drewnlane or charcoal (oh) Fragmenty kory
Fragmenty drewna (W) T
Number of Number of Number of | I%° weglvi drzevnych (ch) Number of
Species - Gatunek Location specimens Looation specimens Location specimens Location specimens
N o
Lokalizacja Liozja Lokalizacja Liczba Lokalizacja Liczba Location xsumbgr of Lokalizac ja Liczba
A 4 pecimens okazbw
okazow okazow okazow N
Lokalizacja Liczba
okazow
Ables alba Mill. no. 216 1 no. 65 1 layer VIc-d 1w
layer VIb/VIe-d no. 276 1 basket S w
no. 76 1
Alnas sp. layer VIe-4 5w
Betula sp. broom no. 2 made 1 basket 1w layer VIc-4 11
of twigs Vie-4 1w layer VIe 1
layer VIe,VIc-d ? 2
Picea excelsa (Lam.) Lk. no. 230, layer layer VIc-d 1w
or larix sp. Via 1
Pinus /silvestris L. layer VIc-d T w
Populus sp. ? no. 137 1
Quercus sp. no. 53, depth 1 no. 222 1 no., 220a 1 basket 5 W
443 cm, layer Vle layer Ve, depth 1 no. 69, depth 1 4 ch
no. 231, layer 1 525 cm 493.5 cm layer Vie-d 1w
VIe and VIe-d ne. 262, layer Vle 1
no. 261, layer 1 no. 264, layer Vle 1
VIc-4 wooden object,
no. 132, layer 1 depth 515 cn,
VIe-d layer VIa 1
no. 153, layer 1 wood found with
VIe-d broom no. 2 1
no. 60, layer 1
VIe-d
Salix sp. no. 237, layer
VIe and Vie-4 1
no. 159,- layer
VIe and VIc-a 1
Taxus baccata L. bow 1
Tilia sp. basket 1
Ulmus sp. no. 245, depth 502 layer VIc-4 1w
cm, layer VIe/VIe-d 1 1 w partly
no. 186a . 1 charred
no. 233, layer
VIe and Vle-d 1
Undetermined no. 263, layer 1 layer Vic-4 2w layer VIc-d several
Nieoznaczone VIc-4

K. Wasylikowa
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Table 5
Tabela 5

The occurrence of species of Potametea, Phragmitetalia, Scheuchzerio-Caricetea, Iso&to-Nanojuncetea, and Bidentetalia in the early and late medieval layers
from the Wawel Hill .
Wystepowanie gatunkéw Potametea, Phragmitetalia, Scheuchzerio-Caricetea, Iso8to-Nanojuncetea i Bidentetalia w warstwach z wczesnego i pdZnego $rednio-
wiecza na Wzgérzu Wawelskim

o 10~ N Hzerafozsils
entury A.D. - Wiek n.e. $ - 10 -11 11 - 12 10 131 |15 Szex5tkd ma- |
kreskopewe
Lecation of saxpyles ° Regzien X, large-area exeavatien Reglon |o
lekalisacfa préd o Rejon X, wykep szereksprresiraieany ,,.ﬁ EE ﬂ
. f ey | E
- Randem ssmples Archaselegisal edjecis a8 B © E
S a Préby lescve Celskty ambhoslogicxne Yol Ha 2 o
3 lal I T B
Arehnoclegionl laysrs and ebjeets o% P43 1 - Jams 1 E bl ] -
B - Q@ o ®
Warstwy 1 ebviekiy areheslogioszxne B " & ':’: ﬂ, i..,
t E wienen 5 o e Qavo o
e vI viies 2 |35 - " g4 g a8
5o {VI3VIL | VIg|VIZ [VIe el elil a2 Slaalaalvie)vielv | ¥ R
© oy c-d|ld I BN P B bl a 43 5 ’ “ CRIES
g '5 28 en £l osls © ek - Ry
i (Mo Qvn HuXfen)en [} la
S A > il
les /Member ¢f peints 53 » ed fa
Nunher of somples
Licxba préb/ﬂona punktéw 1/112/2 | 3/2|4/2(3/3 (4/4 | T/4]V /1|1 /101471 ) a/vp a1 ia/8/7 1 /9 1/1)2/4
Fetametean
Potcmogeton sp. +* + + + + + b + 2
Batrechlam sp. + + 1 14 1 12} +
Phragnltetalia
Typha 8p. oh 1Y 1 3/2[3/213/313/3 | 5/3 1| 4 3 411 s/ 1|1 35 s
T. latifolia oh + |+ + + + |+ + 1 1 1+ 1 Rt 4 +
T. angustifella/Sparganium + |+ + |+ |+ |+ + + +
Alisma plantage-aquaties + A.spd eh 1 1 + 1+ + 1+ 1 1 14 1 1 7 e +
Heleecharis palwstris + H. ap. oh 1 1 41 1 1 2/3] 2 7 (174
Galium elsngatum oh M-a 1 1 1 1 2 4 AL
Carex rostrata oh M-n 2 2 35t
C. vesiearia oh M-n . 1 1 1 2/ 2 29¢
C. of. valpina ok M-y | 1 1 11 2/9 2 192
Sparganium ramesum ¢h 2 2 af
Galiwm palustre oh M-u 1 1 1 1 2 42
Seheushzearie-Caricetea fusease ’ '
Ranunonlns flammula . eh 1 1 1 2 42
Galiwn uliginesum ’ 1 1 1 1 2 >4
Blysuss compressus eh ) 1 1 42
Cisnis viresa 1 1 1z
Driopheiun latifelivm/angustif. | ek 1 1 '}
wdionlarls pglustirie 1 1 1=
;enygn': 63 tz';ffollué‘a €* + + + + *
Comarac palustre (1 + + + +
Parnaysin palustris oh + +
Iso¥to-laze junceten 4 : ;
Juaeus bafenius oh 1 1 1 1111 2/9 1] 1 6 178
Gypsophila maralis eh 1 1 I 1 1 1 ; 4 4s
Pobsaiilla supine oh 2/2 i 1 3 T2
Cyseras flavescens oh 1 | 1 12
C. fwssus ek 1 ] 1 1T
Plantage pareirflera ch + |+ 1 + +
Bidentetalia
Ranunevlas sceleratus oh P-B 2/2(3/2| 1 1 1 2 2| 4/3 10 1072
Palyzenua nodoswn ch 1] 1 3| 4| 4N 6 32f
Rorippa palustris eh P-B 1 {1 {1 1 1 | 2/2 4 27s
Polygorun hydrepiper ch 1 1 1 1 2/2) 4 T2
Patentilla norveglea 1 1 3t
Biderns twipartitus ch P-B 1 1 et
Bumex of., marditimus oh P-B 1 1 1 1 54
Chenspedium of. rabrum ok P-B 1 1 1 18

oh sharecigristio speeies of a wait indicated in the heading fer each greup of taxa or ef lewsr syntarxememic units (gatunek charak-
terystyosny dla jednestki fiteseojoleglesznej wymlenlione] przy kazde) gruple taksenéw lub dla naleigcyoh do niej miissych jednestek),
+ pellen er speres (pyiek lub spery), £ frmlt (owoo), s sead (nasienie). M-n Magnecarieien, P-B Pelygono-Bidantetmm. Other explana-
tiens T the Hext (Pezostale ebjasnieria w feksele).
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Pabls 10
Tabels 10
The oocurrecce of specias ef Potentillo-Polygesstalis and Onopordetslisa in 4he carly sxé late medieval layers from the Wewd) Hill
Wystepoxenio gatunkéw Potontille-Pelygonetalis i Omeperdetalis w warsiwach s deceoncge § péfnege 5r-Anievieesa nn Wsgérsw Fawelskin
Century A.D., =~ Wisk n.e. 9 - 10 e 11e- 12 10 |11 |15 | Besrcfessils
- Sgezatxl ma
kroskepows
4
Location of samples Region X ~ large-arsa exogvaiisn B.ﬁ.gn
Leksligzec ja préd a Rejen X - wykep szarekoprmccirsenry Rejon EE 1 3
6 © - XII : M 5
&2 Readex samplee Archaselegionl ebjeets 1 2
] Préby lesews Obiekty arsheelogiesne ol % H
- E o o E.- -4 .
Archaselogical layers and objeeis : 3 Pit 1 - Jama W o — N'& : 4
- wt . o o e
Warstwy 1 oblekty archeologiosne 3 g vig|vis |vig |vie VI'4 TIe Ed l, EE VT |v1d| To] n2 . 2p
5 ‘gleen] 1 k| 28 2% jwi
° » M B |ox = CE] i q lge
I Y AR XA - [ e IR ) Vs ~
H HE R H e b 23 |4
ﬂg scled sRldk] o Py '33 - &N
ﬁ 4; ald o {mon wiHn|HnlHa 89 :a :z
> samni < S e °x | ® o
T er Of oamplas Tuab T Polxts 11[2s2 {372 |ase {373 {asa |1ra [ an|an o | anpanfes|an]1a]an] &S| Ra |&&
Potentille-Polygeonetalis
Polygonum avicularc’ ok P-n | + 44+ | 3724 2/24 /34| 27241 1+ | 1 2|3 |4 8 [2/44 1 22 1602 ) +
Potentilla reptans oh A-R 1 1 2/2 | 2/2 1 1 1 114/4 11 3¢
Plantago maior ch + + + + + + + 111 |1 3}3/14 1 4 48 § 4
Agropyron repens oh A-R 1 1 1 1 3 AL
Potentilla anserins ch 1 1 1£
Rorippa sllvestris oh A-R 1 1 1 1 1s
Madiocage lupulina . 1 1 12
Oneperietalia
Urtica disica + {2/2402/2+| 3/24 3/3H A/4+{4/34 1] 1| 3 13 [4 [10]6/TH 1 35 [16332 | +
Chenopodilum hybridum ch A-n | 1 2/2|3/213/2{3/312/2 15/3| 11 1}3 |3 |3 9 [13/5 35 1538
Selanum nigrum ch P~Ch 1 13/7213/213/3(3/3 |4/3] 1} 1 3 |4 Th2/6 29 263s
Chenopodium vrileam 1 1 |2/213/213/3 4a/3 | v 1 [ 311 fa2 éf8/3 24 176s
Hypsoyaxzas niger e eh O-n 3/213/213/31 1 |2/2| 111} 312 |1 619/4] 1 23 1928
Chenopodium polysperacm ok P-Ch| 1 1 2/2 o l3/3 ) 3/2 1 2 2 416/ 19 878
C. ficifelium 1 2/2 {2/2 {2/2 1 1 1 1 1 1 1 3]|¢/4 18 418
Rumex obiusifolins eh 1 1 313 |4 |1epr/2 1 13 372
Urtica urens ch S-n | + + | 2/24)3/2+|3/34 + [2/2¢4 1] 1 1 11 3/3% 13 562 | +
Chenopedium viride 1 1o laze | 112 2 517/3 10 238
C. ef. opullifolimm ch S-n 1 1 l2/2 2 1 31{8/3 9 148
Verbena offioiunalis oh 2/2{ 1 |3/3 11 2| 2/1] ] 142
Nepsta cataris ch A-n 1 2/2 | 2/2 1|2 3|5/2] ] 9
Atriplex of. nitens 12/2 13/3 1 1 2/2 7 1018
Anthemis cotula oh 111 1 3 31 3/1 1 1 352
Linaria vulgaris oh 1 1 12 |1 4572 Ts
Arotium lappa oh A-n i1 {2/2( 1 1 2/2 ] 122
Malva silvestris ch A-n 1 1 3 303 5 "
Ballota nigra eh A-p 1 1 1 1 1 1 1 s (%4
Carduns crispus/eceathsides oh 1 1 1 1 1 5 54
Caleopeis pubescens oh 1 1 ? 2| 2/1 4 212
Tamium of . aibum eh A-n 1 1 1 3 8z
Cichorium intyous 2 (1 3|3/ 3 62
Conium maculatua oh A-n 1 1 1 1 1 3 5t
Merrobiom vulgare ch O-n 1 2 212/1 3 3z
MNaiva of. crispa oh 191 212/1 2 3s
Chaitarus marrubiastrea 1 1 2 kL4
Euphorbia platyphylles . 1 1 . 2 2»
Desourainia sogﬁia . oh S-n 1 1 11 1 2 2s
Chenopodium ef. vnlvaria : 1 1 3s
Carduzs of, natans oh O-n 1 1 17
Xanthium cf. strumarianm ch S-n 1 1 1 1 11
of. Sonchus elerzagus oh 1 1 1 1z
Chelidoniua maius ch A-a
Anohnsa sp. eh O-n + + + + +

N *In one seaple frem Vie in rogiem XII (W jedneJ prdble s VIa w rejsnie XII)

A-n Arotion, A-R Agrepyre-Banieier erispi, O-n Onoperdiom, P-Ch Polygens~Chonepelis’riin, P-a Peiyzenion,

{keszyomei) Other explanations as in tasble 5 (Possstale ebjasmienia jak w tavell 5).
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, . Table 11°
Tabela 11

The occurrence of speciss of Centaurstzlia, Polygeno-Chenopedictallia, Seczli-Vieletslias, ard Radero-Secalietea in the-early and late
medleval layers from the Wawel Hill

Wystepewanie gatunkéw Centauretalia, Polygons-Chenopsdietalis, Seeali-Vieletalla i Rudere-Secslietea w warat®ach z wezesnego 1 péinege
Sredniowliecza na Wrgbrzu Wawelskim ’

!
[ 3
Century A.D. - Wiek n.e. 9 -~ 10 1?; 11 - 12 10 |11 |15 Pshcro:fosaila
' gezgtkl ma-
kroskopowe
Lecatlon of samples Region X, large-area excavation Reglon
Lokalizaeja préb Rejen X, wykop szerekoprzestrzenny III My
o Rejon |>» w
7 XII ] n -8
@ N Random saamples Archasalogical ebjests o ® 1
=R Préby losewe Oblekty archeologiczne | °
o w o ©
Archasologloal layers and cbjects g ﬁ Pit 1 - Jama 1 : e §‘,§ :;4 2
Warstwy i obiekty archesloglczne :‘ E F e Y o &
. oo = b o -
+ K . | VI VI . - 1kakal -l Lo N R
z g VI§|VIii|VIg(Vif €,y Vie c-d v2le ® g o al - = | VIe| VI&| Vb '2 o g\g - :‘
: Moo MO ;] Y o : s o Hed | I -8
4 3 gk Mg oo ol skl 4 + B g N )
+# doloc | epiAN|O0| o8| €3 ES ] ol
ey MK (o (mu| B (ea|6a | Ha 8 N E-00

Number of samples/Number of polnis E “3 Y . %% *35 Ei

Iiczba préb/Liczba punktdw o & 1/1\2/213/2¢4/2(3/3 { 4/4 | T/4 N /11/1|4/11 4/1 4/_1 12/1 15_&/7 1/1[1/1|2/1] && aa |[a&&

Centauretalia cyanl .

* Agrostemma githago ch 11 e/2| 1 | a/a 37201 | V| 4| 4| 4| 12 [18/7 2 29 8658
Melandrium noctiflorum ch C-Se 1 |2/2| 1 |2/2 | 2/2 |2/2 |1 13| 2] 3 8 [12/5 21 598
Galium spurium ch L-n 1 1 | 2/2 |2/2 |1 12| 4] 2 8 [12/5 17 1062
G, spurium/tricorue ch - 3/3 | 1 1 2| 2 4 | 8/5 1 10 412
G. tricorne ch C-So 1 13/3] 1 11 3/3 8 31
Stachys annua _ ¢h C-S¢ 1 1 i 1 1 1 1 3111 5| 7/2 12 202
Neslla paniculata ch C-Sc 1011 1 1 il 211 4| 6/3 11 i4f
Lithoscermum arvense ch 1 1 41 51 6/2 T 15¢
Spergula arvensis v. maxima ch L-n 2/2 1 21 1 3| 3/ 6 128
Bupleurur rotundifolium + B. sp. ch C-Sc 1 +. + + 1 1 2| 2/1+ 3 12¢£ +
Conringia orientalis ch C-S¢ 1 1 1 1 38
Bromus secalinus ch Ap-n .1 1. k] 1 2f
Centaurea cyanus ch - + . . 1 1 2f£
Aphanes arvensis ch Ap-n . 1 1 1 1 1%
Scleranthus annuus + S. sp. ‘ch Ap-n 0+ |+ |+ |+ + 1 1 1+ 1 1=z
Valerianella dentata ch C-n - 1 11 1 1 (k4
Caucalis daucoides® ch C-So
Consolida regalis ‘eh C-8a + |+ + +
Ranunculus arvensis ch C-n + + + + + + +
Wigella arvensis ch C-n + + + + +

Polygono-Chenopodietalia
Setaria glauca ch P-S-n 1 |2/2(2/1(3/3 | 4/4 [4/3 |1 3| 4| 41 11 |18/6 2 31 846
Zchinochloa crus-galli ch P-8-n : 2/2|3/2|2/2 | 4/4 |3/3 |1 2| 4| 4] 10 |17/6°| 1 27 301£
Setaria viridis/verticillata ch 1 |2/2|3/2(3/3 |3/3 (2/2 |1 | 1| 2| 4| 4| 10 |15/6 | 1 27 350%
Polygonum tomentosum ch 2/2 2/2 1 1 213 5117/3 1 12 362
Euphorbla helioscopia ch Eu~P-Ch-n 1 1711 1 1 1112 1 31 6/4 10 62
Digitaria sanguinalis ch P-S-n . 1 3 3131 4 Ve
Fumaria officinalis oh EBu~P-Ch-n A1 3 4z
Sonchus asper oh Bu-P~Ch-n 1 1 1 1 2 3t
Digitaria ¢f, ischaemum ch 1 1 12
Polygonun minus . _¢ch - 1 1 1£ .
Lamium purpuareum ch Eu-P-Ch-n 1 1 1z

Secali~Vicletalia arvensis .

Polygonum convolvulus ch 1 12/2(3/2(3/3 | 4/4+|5/44 1 41 4| 4| 12 [17/6+ 1 35 5912 +*
Galeopsis tetrahit + G.tetr.type 1 1 [3/2]3/2(3/3 | 3/3 1 41 4| 4| 12 |16/5 1 29 2648
Thlaspil arvense ch 1(2/2| 1 |3/3|2/2 | 1 4| 2|2 8 [10/3 18 84s
Viocla arvensis/tricolor ch 2/2|2/2|2/2 2/2 |1 1| 2 3| 4/2 2 14 208
Myosotis arvensis tyrpe 1 2/2| 1 1 1 1 2 3| 4/2 2 11 17
Galeopsls cf. ladanum + G. lada- . .

num type ch Th-ea 1 1 1 21 2|2 6| 7/3 9 57¢
Anagallis sp. ch 101 |2/2] 1 |2/2 1 : 1 8, 128
Galinm aparine ch R-3 2/1 1 1 1| 2, 3| 5/3 T 12¢
lapsana communis ,ch 2/2 1| 1 - 1 1 1 5 9
Papaver rhoeas type 1 1 1 3 518
Sonchus arvensis ch 3 1 2 2 2 3 4z
Sinapis arvensis ch 2 2 Ts
Spergula arvensis v, arvensis ch 1 1 2 38
Galeopsis of. anguatifolia ch Th-ea 1 1 122
Camelina cf. mlcrocarpa ssp.

sylvestris - 1 1 1 18

Rudero-Secalietea x .

Chenopodium album s.1. ch 1|2/2(3/23/2(3/3 (474 | T/4 (1| 1| 4| 4| 4| 12 [18/7 | 1 2 | 45 |4736s
C. album s. str. ch 1|1 |3/2|3/2(3/3 | 4/4 |5/3 (1 | 1| 3| 4| 4|11 17/7 1 37 | 397s
Melandrium album ch 101 |3/23/2\13/3 | 4/4 |6/3 (1 | 1| 4] 4| 4| 12 |18/7 1 41 | 573s
Polygonum persicaria ch + |+ 1+|2/1(2/2+4 3/3+| + 1 4| 4| 4| 12 [16/5+ 1 26 4022 4
Stellaria medla ch 1 |2/2(2/2| 1 1 1 313 6 | 8 14 308
Polygonum lapathifolium ch 2/2] 1 1 1] 3| 4 8 | 9/2 1 13 612
Galeopsis cf, speclosa ch 211 3| 3/1 3 £
Capsella bursa pastoris ch 1 2 2 | 271 3 58
Convolvulus arvensis ch + |+ + 2 2 | 2/1 2 108
Atriplex patulun ch 1 1 1] 2/2 2 28

11 one supplementary sample from VIf in region X (w jedne] préble dodatkowej z VIZ w rejonle X) -
Ap-n Aperien,- C-n Caucalldion, C-So Caucalido-Scandicetum, Eu-P~Ch-n Eu-Polygono-Chencpodion, I-n Iinlon, P-S-n Panilco-Setarion,
R-3 Rudero-Secalletea, Th-ea Thlaspeetea, Other erplanations as in table 5 (Pozostate objasnlenla jJek w tsbell 5).

Note: Papaver rhoeas type — for 51 s read 5 s {(zamiast 51 s ma byé 5 s).

K. Wasylikowa
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Table 14
Tabela 14
The occurrence of species of Molinietalia, Arrhenatheretalia, and Molinio-Arrhenatheretea in the early and late medievel layers from the Wawel Hill
Wystepowanie gatunkéw Molinietalia, Arrhenatheretalia i Molinio-Arrhenatheretea w warstwach 2z wczesnego i pdznego sredniowiecza na Wzgdrzu Wawelskim

1o Magrofes-
- .8 - - 1M -1 . 10 v1 |15 |8ils
Century A.D. Wiek n.e 9 10 -11 2 ’ Ssesatkd ma-
kreakemewe
Location of samples ~ Reglon' X, large-ares sxcavatien Regien
Lokalizacja préb Rejon X, wykep szarekeprzestrrenay XII
e Re jen B : ]
o III bE - 3 =
ue Random samples Archaselogical ebjeots o - A H
% Préby lesows Oblokty aroheslegiczne X ; ° gr
® w e - L )
Archaeelogical layers and ebjects :E’ Pit 1 - Jama 1| ® 1] :‘E : ,°§
Warstwy 1 obiekty archeclaglozne ] EE *s *® 5,{
+£ K ] hoa L "
28 |voy|via|vig vie | 7T |vie 75 2 £ T T |n |eu e lvievia|m | 28| 2% [5%
TS 3 g ° ¢ s-dlec | oa|e [r'e Bl = ° i | B9 i
® 4 - R b=t @ o ® >
Bt gg 2 a?wg af |28 *’5 = RS
© KK LR g o | oo - -
gg m mo Mma v (HO |[Ho | Hn @ ‘a
o 4 F:) -
Number of samples/Number of points a8 0% e
Liczba préb/Liczba punkide oo 1/1|2/2(3/2 (472 3/3| 478 (1780171 /0 | ass| 4/ |an pesthertlia i 21| &8 8w
Molinietalia
Seirpus silvaticus ch 1 |2/2|3/2 | 2/2| 3/3 |2/2 1 4| 4| 3 |11)5/8 1 1 36 (174¢
S tachys palustris ch F-P-n 1 |2/2 |1 112/2]1 1 3 4 2 9 [12/4 1 22 | 642
Fanuncunlus repens 1 |3/2(2/2[3/3]1 1 3 4 7T 11/8 ; 18 |283f
Lychnis flos ocucull + L. {ype ch + | 1+ 1 1 1 1+ 1 1 3| 2] 3 8 [11/4+ 1 1 i8 +
Lythrum ¢f. salicaria + L. sp. ¢h P-P-n 1+ 2/24 1+ 2/2| + 1 1 1 3 s | a/4] 1 15 | 81e +
Hyperioum c¢f. acutum ch FP-P-n 1 1 1 1 |p/2 1 1 11]3/3 1 13 | 788
Carex leporina 1 2/2 |1 | 2/2|2/2 3 3|5/3 13 | 462
Thalictrum flavum type ch Mo-n 1 1 1 1 1 1 1 1 3| 4/2 10 152
Pilipendula ulmaria + P, sp. ch P-P-n| + | + | + |+ + | 2/24 + 2| 3 6| 8/3+ 1 9 | 142 +
Carex fusoca ch Soh-C 2/2 | 1 1 1 1 1 1| 2/2 1 8 i5¢
Cirsium oleraceum type 1 1 2 2| 3/2 4 [ 34
Thalioctrum cf. lucidum ch 1 1 1 2| 3/2 3| 23
Lysimachia vulgaris + L. sp. ch + +| + |+ 1 2 3| 3/%+ 3 4s +
Angelica silvestris ch 1 1 1] 2/2 2 ar
Caltha palustris + C. type ch + + |1 1 1] 2/2 2 28 +
Symphytum officinale + S. sp. + + |+ 1 1 1+ 1 1z +
Sanguisorba officinalis ch + + + + + + + +
Gentiana pneumonanthe type + + + + + + +
Polygonum of. bistorta ch + + | + + + | + |+ +
Succisa pratensis ch Mo-n + + + [+ |+ + +
" Arrhepatherstalia ‘
Hypericum perforatum 1 |2/13/2 | 2/2|2/2 3/3 1 12| 4 700/411 |1 1 26 [109s
Stellaria graminea 1 -1 |a/22/2 | 3/3|2/2 1 1 21 3| 4 9 [12/4 1 ] 26 | 568
Cerastium vulgatum ch M-A 2/2 1 1 1 3 4(5/2 1 9 148
Daucus carota ch Ar-n 1 1 1 1 2| 3/2 1 1 6 9z
Pimpinella cf. maior - eh 1 2|1 3| 4/2 1 5 | 112
Betonica officinalis : 1] 2 3|31 f 1 4 72
Knautia arvensis + X. sp. 1+ | + 1] 1 2| 3/24 3 L13 +
Galium cf. mollugo 1 1 1 1| 3/3 3 4
Chrysanthemum leucanthemum ch Ar-n 2/2 1 3 42
Campanula patula ch Ar-n 1 2 3s
Trifolium cf. repens ch Cy-n 1 1 1 2 28
cf. Carum carvi ch Ar-n 1 1 1 1 2t
Pastinaca cf, sativa chAr-n 1 1 12
Achillea ¢f. millefolium ch Ar-n 1 1 1 1 1£
Phleum pratense ch M-A 1 101, 1 1z
Molinio-Arrhenatheretea i
Carex hirta type ch A-R 2/2 | 1 1|2/2 1 2 2| 2 6| 9/4 14 | 302
Prunella vulgaris - ch 2/2 |1 1 1 2 4 6| 8/3 2 13 42F
Ranunculus acer eh 2/2) 1 (1|1 3| 4 T(9/3 12 | 462
Rumex crispus ch A-R 1 + [ 3/34 1+ 11 3|3 T |10/4 12 | 202 +
Centaurea jacea ch + |+ [2/24 1+ | + |1+ |+ 2|1 3| 4/2+ 7| 112 +
Hypericum cf. maculatum 1 2/1 1 i 1 1 5 118
Luzula cf. multiflora 1 3 3| 3/2 4 | 19s8,1¢
Centaursa cf. austriaca 3 3| 3/4% 3 3£,21,1d
Linum cathartioum 1 1 2| 2/1 1 3 3s
Plantago lanceolata ch + |+ |+ |+ + | + |+ 111 2| 2/1+4 2 28 +
cf. Festuca pratensis ch 1 1 12
Geranium cf. silvaticum . 1 1 1 1 18
Rumex acetosa ch + |+ |+ |+ + | + [+ + +
Trifollum pratense type ch + + + + + + +

A-R Agropyro-Rumicion orispi, Ar-n Arrhenatherion, Cy-n Cynosurion, F-P-n Filipendnlo-Petasitien, M-A Molinlo-Arrhenatheretea, Me-n Meli-
nion, Sch~C Scheuchzerio-Carlcetea fuscae; ¢ capsule (torebka), 1 involuere (koszyczek), 1b invelmoral bracts (iuski okrywy keszxpzka),-
Other explanations as in table 5 (Pozostale objasmienia Jak w tabell 5).

K. Wasylikowa
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Table 16
Tabela 16

The ocourrence of specles of Festuco-Bremetea, Sedo-Scleranthetea, and Nardo-Callunetea in the early and late medieval layers
from the Wawel Hill

Wystepowanie gatunkéw Festuco-Brometea, Sedo-Scleranthetea 1 Nardo-Callunetea w warsiwach = wozesnego 1 péZnego Sredniowlecza
na Wzgérzu Wawelskim

10- - Macro-
Century A,D, =~ Wiek n.e. 9 -10 “19 11 - 12 10 {11 | 15 | fossils
Szezatki
makroske-
A Reglon pows
Location of eamples Region X, large-area excavatlon 11 | B
Lokalisac Ja préb ® Rejon X, wykop szerokoprzestrzenny R =a P
3 efor 1l g | B
w o Qs o £
KA Random samples Archaeological objects 2 A o 2
o w Préby losowe Obiekty archeeloglczne ool g @ H
ar aEl S8 & | 8
Archaesological layers and objects L Pit 1 - Jama 1 2 -1 WE
oM > o o 1 o BN
Warstwy 1 obiekiy archeologiczne =¢ s 08|y Ha
a8 vI 71 |27 e @ e 28 23 g™
HE|vIg|vIL|vig| VI Vie b |lonl 8 138 ala | aBlvie|via| w | E5| 28| S
@ ey c-8lxolns| £ ojug| o|dal| @ SH| 33| 2D
4 oy nA|lZRdi P PO Rl EH| 2 E = M|
=] g olog cp«gf-« oPlos| o= 5] © o>
. g'g Mmoo | Mu|[=wn|en 60| 6Hon r(-lhgi’ ';3‘& =2
Number of samples/Number of points { S+ i Lo o8
Tiozba préb/Liczba punktow P S8|1/1]2/213/2] 4/213/314/4[T/4|1/1 11/1 | 40 4/1] 41 n2/18/T|V /100 2N BB 23
Festuco~Brometsa
Pragaria viridis 2/2| 1 |2/212/2| 1 |1 1 2 518/4 i5
cf. Silere inflata 1 2/2 1 3 1 418/4 1 9
Iavatera thuringiaca 1 1 1 1 2 1 416/3 7
Arenaria serpyllifolia 1 1 3/2 1 11 1 6
Viscaris vulgaris 1 11 1 114/4 1 5
Anthemis tinctoria ch 1 1 1 1 113/3 5
Salvia cf. nemorosa ch 2|1 313/1 1 4
S. verticilliata ch 1 1 2 213/2 4
Pileris hieracioides ) 1 3 4|4/ 4
Stachys recta ch 1 2 2|3/2 3
Centaurea scabiosa ead + |+ & [ 1+ ]+ |+ |+ 2 2|2/1+ 3 +
Salvia ¢f. pratensis ch 1 1 1(2/2 2
Yotentilla recta 1 1 101 2
Cerex caryophyliea typs ch 1 1 11 1 2
e¢f. Aspernis cynanchica ch 12 212/1 2
Cerinthe minor + C. sp. + + 0+ [+ ]+ 1 1 1|2/2 2 +
Verbascum cf. nigrum 1 1 1
Dianthus armeria 1 11 1
Agrimonia of. eupatoria + A.sp.] ch + + 1+ 1 1 1o +
Pippinella cf. saxifraga ch . 1 111 il 12
Thalictrum minus ch 1 11 1 1 1T
Coronilla varia 1 111 1 13
Nepeta cof. nuda 1 1{ 1 1 1£
Anthericum sp. eh | + + + + + + + + +
Plantago media ch o+ |+ + |+ 1+ + +
Helianthemum sp. ch + |+ + + -
Scabiosa sp. + +
Sedo-Scleranthetea
Ramex tenuifolinn eh | 1| 1 3/2| 3/2{3/3({4/4} 1 [ 1 |1 2] 2| 4 814/7 1 28 {1150
.R. acetosella type ch| +| + | + N I R B + +
Potentilla argentea ch 1 1 2 9
Trifolium arvense type ch + + + + + + + + +
Jasione montana ch| + | + | + + |+ |+ + +
Nardo-Callunetea
Potentilla erecta 1 |2/2| 1 |2/2|3/3]|2/2 21 3 518/4 i7 | 43%
Calluna vulgaris . ch + + |+ |+ + + . +
Lycopodium clavatum eh + +

Explanations as in table 5 (Objasnienia jak w tabeli 5)

K. Wasylikowa
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Table 17
Tabela 17

he ocourrencs of species of Almion, Salleioen, Alno-Padion, Carpinion, Querco-Fagectea, Vaccinlo-Ploeetea, Atropetalla, and of species of varleus forests
in the early-and late msdieval layers from the Wawel Hill

fystepowanie gatunkdw Alnien, Salieien,

Alno~Padion,

Carpinlcon, GQuerco-Fagetea, Vaccinio-Piceetea, Atropetalia i gatunkéw réimych laséw w warstiwach

% wozesnego 1 péimepou Sredmiowlsesza na Wagérsw Wawslolim
. O- Macrofos-
Century 4.0, -~ Wiek n.c 9 - 10 1 11 - 12 10011 115 | 5419
Szezatkld
» makreske- @
Lesatien of gauples ! Ragien X, large-srea excavation Region | o powe SE
Lekxalizaoja prée b3 Rejon X, wykop gzerekoprzesirzenny XII o8 Y
e Rejon s 5 8 LA
b b usue
9 manples Arohaeclogleal ebjects £11 el = 2 WO H ¥
w © lesowe Cbiekty archoelecglcznae 3y g Eh R ma
Z 2ele |3 digk2d
g Pit 1 - Jema 1| _ — 3, | & LS
Erchasolagicrl laye-s = Y w N E RSP
am.l ehlesss - ot c: s 2 E&S.?E:g
A - . -l 4 i nH o e
Warstwy 1 oblekty 1y TI o4, vI 4] L e = o Qo E.oM
5 PR IR 85 2F 13| SEoREd
' v B |Ew e |0 | e e r‘}: Eﬁ E&:%:gy
o~ &

1 » - e . | 0 2 OE [nlngd B 00 o
Tabox fhggfﬁgsggf‘iﬁf: peints 1/1 a2 135 /4 /s [ e lanlanlenjism 1alinjznj g | 28 |8 S8adus
Alnion

Tyoex 13 eursruaus ch 1 1oaz/2 T3 5| 8/3 9 33¢

Alnms zla cn 4 1 1 1 2 s

Cemunda ro [ + +
Saliclon |

Hamaln eh P+ Tiiajor -t 1 212 4 9 [13/5 21 TEE| +

; 11 3/2 141 313 G 110/5 19 1593
43 1 1 1 3] 2 s9/5 14 162
z/ 15z 1 1 1| 4/4 12 328 .
; E 1 30112 6 | /3 9 Wb | + |w
1 i 1 2 3{1}_" 6 Ve 4
1 38

Falyponnn dnzst 1 i i f
Alro-Padion

Tedns sviun ch 1 1 1 1 2 3f

Cerestiun silvaticem e¢h 2 2 2 2 28

Viburnaa ogalux + V. gn. ok ¥-g 1 + 1 1 2/2 2 2f ) +

Chaerephyling uromatisem 1 1 1.1 2/2 2 27

Meolandrimm 1< - 1 1 1 1 23

Stachye sllive eh 1 1 1t

e, Gtallsaxla 2 1 1 1 1 18

Fraripas exseloler ol P-at + | + | + + + +

Tlmas sp. + + |+ 4 + + + + 4

Alnus Ep. + b+ s + = + + + + w s
Carpininn

Yalus &7, 1 1 {2/2 1 1 3 3 2 g8 |11/¢4 14 1Cs va{2)

Pires commanip 1 1 1 342 51 6/2 8 228

lalwua ®p./Piras cemmanis 1 1 1 18

Astrentia meier 1 1 2| 2/ 2 61

Cerssus avium/vulgeris 1 1 2/2 > 2f Va(6)

C. type + oo + + + + + + +

Aluga ef. reptans 1 1 1 2/2 2 2%

Gallum of. silvatiouna ok 2 21 a/1 2 54

Moehringia trirervia eh Q-F 1 1 1 1s

Tilia eerdata ch 4+ |+ + + |+ + + +

T. platyphylios sh G~F! + + + + + - + +

E 1 1 1w

Carp nus betnlus ch e |+ + + i+ + + +

Hedera helix ch F-e = + + + + + +
Quervo-Fageiea

Trunez epinesa ch 1 1 1 2 1 4 | 5/2 6 117

Coryius aveliana ciz BRI Y 1 + i 1+ 1 1 1 2/2 4 ey +

Camnankla psroicifolia ch 1 1 1 1 2 2

Pagus sillvatiea sh + |+ £ + + + + 1 1 1+ 1 13 +

Ceresas fraiicsea oh ' Va(7)

hLoer sp. ch + = |+ + 4 - + + +

Cornng sanguinsa oh & +
Vaccinie-Ploesten

Pterldivm agullinsm ch + b+ |1 (N S I O S 1 2| 2 4 | G/3+ 1 10 161 + VIEHZ,VIe(.{L)

Picea excelsa ch + |+ 12/2+4] 1+ + + + 1 1 1+ 4 e, 14a | + [ VI£(1),VIe(1),¥

Lycopodinm corplanatum ch + +

Vaocipium sp. ch + + + +
Various ferests - Rdézne lasy

Abies albta 0 BT S V4 T S + 1 23 6 | T/o+ 9 161 ;

Juercus sp. + + + + + + ; 1 2 2 3/2+ 1 4 31, 4w 4 i

Betula verracoss/pubzscens 1 1 1 1 4

B, Bp. + + - + + + 1 1+ 1 1w + o

Frangula alnuz + + 1+ + + + i + 1 1z +

Lugala cf. nemeresa 1 1 1 1 1s

Pinws silvestris + L+ |+ + + o+ + + + | VIP{1),VIe-d(2),w

Populus 8p. + + + + + + + + + we

Polypodiom vulgare + + + + + + +

Soxbus sp. + + + +

Ribes sp. + +
Atropetalla

Rabus idaeus ch 1o|a/2 yes2 3/343/3 |6/3 | 1 1 3|1 43| 10 |15/6 1 35 167¢ Va(1)

R. sp. 22+ # + i+ | 2/2+ 1 1 2/2+ 6 6E ] +

Sambucus nigra ch /2 | 1 13/3(2/2 |5/4 | 1 2 11 3| 6/4 1 21 372 Vin(1)

3. sp. I IS * |+ + + 1 1 12 o+ | Va(l)

Pregaria vesoa oh T2/ 1 i 1252 3 3 5/3 1 11 247

Torilis japonica ch 1 i 1 11 2/2 3 3%

Babus plicaius i 1 1 1 2 2

Sambucus of. ebulw 1 1 1 if )

*Separate find;ng'v of cd and ok rua'al are listad in table 3 (Oddsieine znalsziske drewsz 1 wegli 83 208 wilone w tazbeli 3).

Q Pagevan, R-8 Rnderv-Secallstea; b bud scales (Zuski pgeskows), 1 lsaf (113¢), n needle (szpilka), w wood and charcoal (drewno

F-a Fagetalia, Q-F
1 wegle drzcwne).

K. Wasylikowa
Acta Palaeobotanica XIX/2

~xplane."imu as in tablis 5 (Pozostale ob:]asnie..ia Jak w tabeli 5).
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