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Chapter 1

Introduction

Landscape transformation that occurred during the Middle Ages in western and central
Europe is reflected in all pollen diagrams. An event that was so striking and widespread was
used by Firbas to distinguish a biostratigraphical period called the Younger Subatlantic (zone
X; Firbas 1949). The medieval landscape transformation was so rapid and extensive that it
can be compared with environmental changes at the transition of the Pleistocene and
Holocene. While other vegetation changes were driven by gradual and long term processes,
allowing ecosystems to adapt without losing their overall balance, both the beginning of the
Holocene and the medieval landscape transformation were caused by sudden external factors:
in the first case rapid climatic change and in the latter case vast human impact. During a few
centuries, these anthropogenic factors that were enormously enhanced throughout the Middle
Ages formed a cultural landscape that was much more similar to the landscape of today than
to the landscape of, for instance, the 9th century. The dynamics of medieval changes in Europe
were supported by a climatic shift toward higher mean temperatures from AD 1000 — 1300.
During this time, the population rose from an estimated 46 million in AD 1000 to
approximately 73 million in AD 1300 (Behringer 2010). In western Europe, this medieval
transformation, characterized in part by the rise of many new towns, was about two centuries
ahead. In our lands, the primary moments that marked later social, demographic, cultural and
also landscape changes were the establishment of the Czech state and the introduction of the
Christian religion in the late 9™ century.

This doctoral thesis is focused on the Early Medieval landscape in the Czech lands and
its transformation that culminated during the 13™ and 14™ centuries. From that time onwards
the prehistoric landscape pattern was definitively lost and replaced by much coarser patches
with different species composition and distribution of particular biotopes. Landscape changes
are reflected in pollen from natural sediments as well as from urban archaeological layers
from the town of Prague. Apart from landscape and environmental studies, this thesis aims to
draw the limits of the pollen analytical method for detailed reconstruction of vegetation

during relatively short period of time.
Great medieval transformation — social and cultural background

The present character of the cultural landscape in the Czech Republic started to be formed
during the Early Medieval times. This is a period of transition as is indicated by the unclear
temporal definition. The start of the Early Middle Ages is often put by scholars in the year
AD 476 when the Western Roman Empire fell, but in fact it started sometimes during the
complicated time of Migration Period between approximately AD 300-500/600 (Meduna
2008, Le Goff 2005). In the Early Medieval period many changes were started that later
culminated in the High Medieval period dated from around AD 1250 until AD 1500.



During the Middle Ages, Czech Ilands were being intensively colonized.
Archaeological data has documented an extension and concentration of settled area from as
early as the 6" century as a result of the growing population (Klapsté 1994, Kuna —
Profantova et al. 2005; Appendixes 15-17). Many new villages were established, especially in
the first half of the 13" century. At the same time towns were being formed, which was
another result of the transformation wave coming from the western part of Europe with a
delay of a few centuries (Klap§té 2005, Le Goff 2005, Bakels 2009). From the 13™ century
construction of new villages and towns were planned in advance, and therefore connected
with various ground adaptations that were absolutely unusual before that (Cihdkova 1999,
Klapsté 2005, Cihakova - Havrda 2008). Urban places represented a concentration of multiple
activities, people and cultures (Antrop 2004) and their prosperity depended primarily on
relationships with the adjacent countryside. Therefore, organization of rights and land
ownership was needed. Christianization played a crucial role in the medieval transformation
process, giving the overall centralization a unified spiritual background. Officially, all the
people and whole land were put under state control and in a symbolic way the state was under
the patronage of the Christian God. In later centuries, private ownership was split among the
king, monasteries, towns and the nobility. A very new aspect was that every piece of land had
an owner and everybody was involved in a social system and was obliged to some authority.
During the Early Medieval, the worth of human labour was very important, and therefore
trade with slaves flourished. Such a focus on human labour was modified at the end of the 12"
century when heredity rights for noble estates were officially introduced. Since that time,
aristocrats had more certainty with their land investment, which supported colonization even
in less fertile regions (Klapsté 2005, Meduna 2008, Smetanka 1988).

All the changes brought by the High Medieval had one principle in common which
was organization. Religion, time, the social system, land ownership and architecture were all

organized, which had enormous consequences for the landscape.
The Early Medieval landscape

During the Migration Period that preceded the Middle Ages, there was a large reduction in
settlement, which is reflected not only by archaeological data (Appendix 15) but also by
pollen diagrams, with arboreal pollen increases and anthropogenic indicator curves being
discontinued. Such a withdraw of the cultural landscape is strongly evidenced by pollen
diagrams from sites situated at the margin or outside the old settlement zone (Appendix §) but
is also obvious at some sites from within the old settlement zone (Appendixes 3 and 7). The
area of the recent Czech Republic was colonized by the Slavs in the 5™ and 6™ centuries and
the population in Czech lands rose from an estimated 250 thousand during the last two
centuries BC (Sala¢ 2006) to perhaps half a million around AD 1000 (Fialova et al. 1996).

Settlement gradually reached the same extent as it had during the prehistoric maximum in the
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La Téne period and was mainly concentrated within the same area (Klapsté 1994, Speranza
2000; Appendixes 14 and 16).

Pollen diagrams from the old settlement zone in the flat Labe valley show a gradual
reduction in forests (Appendixes 1-3 and 6) during the Early Medieval period. Yet at least
during the older phase (up until approximately AD 1000), the species composition remained
more or less the same as it was throughout the previous 3000 years. In the lowlands,
deciduous forests with Quercus, Carpinus, Tilia, Ulmus and Corylus prevailed. Acer has very
low pollen production and is therefore scarcely represented in pollen data, but it also must
have been common. The same taxa grew in the floodplain, where they formed a mosaic with
Alnus and Salix in the close vicinity of water or in highly waterlogged sites. Pinus was
common on dry substrates where it grew together with mostly Quercus and Betula. In areas
with prevailing sandy or gravel subsoil, Pinus replaced mixed deciduous forests as early as
around 3100 BP during the Late Bronze Age. This change seems to have been caused mainly
by nutrient loss during gradual soil acidification (Lozek 1973, Pokorny 2005, Sadlo et al.
2008). Since this early Pinus expansion is restricted to sandy areas, the role of human impact
seems to be marginal, and probably only accelerated this natural process of acidification.

The human role in changes to forest species composition during the Early Medieval is
unambiguous, even though the changes were rather slow and gradual, resulting from
accumulating human impact. Pinus started to expand, since as a typical r-strategist it profited
from intensified deforestation as well as top soil degradation caused by long lasting forest
pasturing and litter raking. This Early Medieval Pinus expansion occurred mostly at the
expense of Quercus and other demanding deciduous trees, mainly 7ilia, Ulmus and Corylus,
though these taxa were not yet seriously reduced (Appendixes 2, 3, 5 and 7). In addition to
flat valley floors, Picea, Fagus and especially Abies were also present in lowland forests,
mainly at northern slopes, within the Vltava River canyon and other sites with increased
humidity and with the occurrence of climatic inversions. Only Picea could grow also in the
floodplain forests, yet it was not abundant. These three taxa were important in higher
elevations such as the Moravian-Bohemian Uplands and of course in the mountains. Several
pollen diagrams from the Moravian-Bohemian Uplands show a maximum of Abies and Fagus
shortly before and during the beginning of a Secale cereale and Triticum/Avena type increase,
which very probably dates to the Early Medieval time (Rybnickova 1974). In higher
elevations, forests still covered most of the area (eg. RybniCkova 1974; Speranza 2000;
Rybnicek-Rybnickova 2008). Due to the harsh climate, Secale cereale was a common cereal
crop in higher altitudes (Pokorny et al. 2000; Rybnickova 1974; Rybnickova-Rybnicek 1985;
Rybnicek-Rybni¢kova 2008), while in the lowlands Triticum/Avena type was more abundant
in most cases (Appendixes 3, 4 and 5).

Increased human impact on the natural environment was a consequence of the growing
population, but the means of agriculture, pasturing and settlement remained largely the same

as during prehistory. Archaeological research at Early Medieval villages and urban sites gives



the impression of spontaneous settlement establishment that respected local natural conditions
(Cihdkova-Havrda 2008). Knowledge of how agriculture looked before the 13" century
concerning both the extent of tilled land and field system is generally poor. There are some
indices about agriculture in the countries west of Rhine, where unlike in the Czech lands,
cultivation had a long tradition under the Romans. According to these indices, derived mainly
from the carolignian written texts, the field systems varied from region to region and can be
characterized as a three-year system, three-field system or two-year system (Bakels 2009). In
the Czech lands, we can assume even more that the agricultural system was not unified. In
any case, villages were small consisting on average of approximately four houses (Klapste
1994, Kuna — Profantova a kol. 2005). Considering that every farmstead was an independent
agricultural entity, this necessarily leads toward a highly diverse and decentralized
agriculture. Moreover, the area was much less inhabited than in the High Medieval
(Appendixes 16 and 17) and therefore the use of land was far from absolute, meaning that
some piece of land always remained abandoned and exposed to natural succession (Sadlo et
al. 2008). The question of who owned what concrete land was expressed by fences or had a
character of collective agreement among settlers, yet private ownership was respected.
Nevertheless, large areas and especially forests did not yet have any owner (Meduna 2008,
Bakels 2009).

Early Medieval pollen spectra often include increased numbers of shrubs such as
Viburnum opulus, Prunus type, Sorbus type, Rhamnus, Euonymus, Cornus sanguinea, etc.
(Appendixes 2 and 5; Chapter 1). Also, herbs representing meadow and pasture biotopes often
increase in species number and counts (eg. Centaurea scabiosa, Helianthemum, Melampyrum,
Onobrychis, Mentha type, Campanula/Phyteuma) in both cultural layers and natural
sediments from the Early Medieval period (Appendixes 1 and 2; Chapter 1). Both the shrubs
and herbs just mentioned are entomogamous species, with low pollen production and short
pollen transport. Therefore, their increased numbers in early medieval pollen spectra represent
subtle changes that can hardly be tested statistically, but which is most obvious at pollen sites
situated very close to settlements or right in towns. Nevertheless, the pollen shows that which
was mentioned in the previous paragraph. Abundant shrub communities together with a high
number of herbs can indicate both a large area of natural borders between numerous small

fields as well as relatively old fallow land.
High Medieval landscape transformation

The most radical landscape changes occurred during the 13™ century. At that time, under the
rule of Pfemysl Otakar II, many new towns were established and the colonists were often
invited Germans that brought new technologies and useful trade contacts. During the first half
of the 13™ century, the settlement network was already stabilized and was very similar to the

current state (Klapsté 1994, for the extent of settlement, see Appendix 17). Colonization
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proceeded a bit more than was optimum, however, thanks to very beneficial conditions for
locators and settlers in the beginning. A number of villages were later abandoned in the 14™
and 15™ centuries mostly due to poor locations that did not allow settlers to easily survive
(Smetanka 1988, Klapsté 2005, Klir 2008). New organization and changes in land ownership,
as well as a need for more effective agriculture, resulted in the connecting of small fields into
larger ones and in an increase of cultivated area (Klapsté 1994). The use of the land was
different, and for the first time complete (Bakels 2009).

In all pollen diagrams, this period is indicated by a marked decrease in arboreal pollen
and an increase in cereals, especially Secale cereale. As viewed through the prism of pollen
diagrams, the High Medieval transition is striking even in the centre of an old settlement
zone, where settlement continued intensively (Appendix 1). The increase in Secale cereale
pollen, so characteristic for this transitional period, may indicate several causes: the rotation
of fields was faster with an inclination toward the three-field system, less productive land was
cultivated, and higher elevations with more severe climate were colonized. Secale cereale is a
deeply rooting plant with more effective nutrient utilization, and is a typical winter crop that
better resists severe climate than the other most common cereal Triticum aestivum (Bakels
2009). New agricultural practices such as deeper tilling and the regular use of winter crops are
also evident from changes in the species composition of weed communities in assemblages of
plant macro-remains found in archaeological contexts (Kocar unpublished). In pollen
diagrams, Secale cereale is accompanied with Centaurea cyanus, an annual weed that only
began to be very abundant from the High Medieval time, indicating vast and extensive
changes in agriculture (Appendixes 1 and 3).

High Medieval pollen spectra also show the intensified use of non-agrarian land. An
increase in typical grazing indicators such as Plantago lanceolata, Plantago major, Plantago
media and Rumex acetosa type is the result of vast deforestation as well as more numerous
cattle and thus more intensive grazing, as is also sometimes indicated by other taxa eg.
Trifolium repens type (Appendix 1). Centralized land ownership led toward bigger fields, and
therefore large areas of balks formed by shrubs and meadow communities were destroyed.
Pollen spectra reflect this increase in the extent and use of cultivated land through the
increased ratios of a few ruderals that dominate over other synathropic taxa. A typical
example is the pollen of Chenopodiaceae, a group of nitrophilous species indicating
eutrophication (Appendixes 1 and 2; Chapter 2).

Another important change was extensive deforestation that also began to encroach on
mountain areas. Runoff in rivers and brooks subsequently increased, because of the missing
forest vegetation that had previously retained an important amount of water. Masses of eroded
soil from deforested slopes accumulated in lowland depressions, which probably forced some
settlers to move their houses and fields (Klapste¢ 1994). Eroded material was transported by
rivers and accumulated in the form of flood loams in all lowland flood plains. Before these

changes, the floodplain soils were permeable sands or gravels. Floods were generally smaller



thanks to the greater capacity of forested catchment areas to hold rainwater, and mostly
affected a narrow strand along the banks. In addition, flooded rivers returned relatively
quickly to normal levels thanks to the permeable soils and rugged terrain. During the High
Medieval, however, several meters of flood loams gradually leveled, flattened and extended
the surface of the floodplains. Hence, during floods water spread much further from the river
and stayed longer on the leveled ground formed by impermeable loams. Floodplain forests of
Alnion glutinosae, Alnion incanae and Salicion albae types originate in this time, as do reed
swamps and wet meadows mainly of Calthion palustris, Alopecurion pratensis and Molinion
caeruleae types, which expanded to deforested sites within floodplains. Although these
changes in floodplains were radical and extensive, they are not well reflected by pollen data.
Firstly, some species of newly established floodplain forests are not easy to detect by pollen,
namely Populus and Prunus padus. Secondly, other species of floodplain forests remained the
same, and only changed in their proportion and spatial distribution. Since the pollen record of
wet biotopes is mostly influenced by specific local conditions including human impact,
vegetation changes valid for floodplains over a whole region are hard to separate from local
trends. However, in some pollen diagrams an expansion of reeds is suggested by an increase
in Gramineae pollen in floodloam layers (Appendixes 1-3), and the expansion of A/nus carr is
also evident at some sites (Appendixes 3 and 6).

The forest species composition was also modified. In the lowlands, Pinus further
spread in sites where mixed deciduous oak forests were previously abundant. The natural
process of soil acidification was strongly enhanced by human activities such as intensive
forest pasturing and litter raking. General nutrient loss suppressed demanding trees such as
Tilia, Acer or Ulmus, while Quercus and Carpinus were better able to resist. According to
most pollen diagrams, Abies and Fagus were also markedly reduced during the High
Medieval and their reaction to overall impacts was similar (Rybni¢ek-Rybnickova 2008;
Appendixes 3, 6 and 7). From historical forestry archives, we have reliable reports about
Abies expansion and Fagus decline in human-influenced forests (Malek 1983; Chapter 3).
Pollen diagrams from uplands and mountains show an expansion of Picea from the High
Medieval up to the present (Rybnicek-Rybnickova 2008, Svobodova et al. 2001). Unlike
Abies and Fagus, Picea grew in higher elevations that were deforested at later dates. Picea
successfully regenerated on abandoned agrarian land as well as in forests that were induced
by pasturing and selective cutting (Malek 1966, 1980, 1983). Later during the 18" and mostly
19™ centuries, Picea was extensively planted in the Czech lands (Nozicka 1957, Malek 1983)

which definitely changed the species composition of our forests.
Heritage of the High Medieval landscape transformation

The typical recent European landscape, with a contrast between completely exploited land and

protected areas, mainly forested, has its origin in the High Medieval period. Initially, the

10



Chapter 1

rapidly growing population led toward the intensification of old land use practices, with the
exception of agricultural cultivation. In forests, litter raking, forest pasturing and selective
cutting gradually became extremely devastating, and even in the early 19" century was hard
to regulate because the need for timber and fodder among ordinary people was stronger than
moral constraints (Nozicka 1957; JanCik 1958). Such forest management in uplands and
mountain regions was conducive for Abies alba, which expanded in cultural forests until
approximately AD 1600, when forest exploitation probably reached a degree that was too
destructive (Malek 1983; Chapter 3). Picea abies was also continuously recovering in
exploited forests, but unlike 4bies was restricted to higher elevations (Malek 1966; 1980).
Considering the massive Pinus expansion in lowlands, conifers better responded to the
different landscape use during the High Medieval, even before artificial plantations, (Malek
1971, 1983). The only exceptions from deciduous taxa are possibly Quercus and Carpinus.
Another special case is Fagus, which is sometimes referred as a taxon supported by human
activities (Kiister 1997, Bakels 2009). According to other sources, however, it did not recover
at all in cultural forests (Malek 1983). In any case, it is now evident that Fagus is replacing
Abies in many forest nature reserves (Samonil — Vrika 2007, Vrika et al. 2009). For Abies at
least, the reason is the lack of specific type of management, mainly selective cutting, that was
replaced by large clearcuts in the 18" century. With the exception of Pinus, shifts in the forest
species composition are not explicitly reflected by pollen data, and are extremely hard to
detect in pollen from the 18" century when massive sowing and planting of mostly Pinus and
Picea monocultures became common (Nozic¢ka 1957, Malek 1983; Chapter 3).

Whether in a forest or deforested landscape, the High Medieval period was the start of
human activity as an absolutely dominant landscape-forming factor. The more the natural
environment was regulated, the more arose contrasts between the natural and cultural parts of
the landscape. From this point of view, the Early Medieval was the last time when a fine

gradient in biotopes from the natural to the anthropogenic existed.
Structure and main questions of the thesis

Chapter 1 brings the introduction to the problem, which is resolved in detail in particular
studies, that are sorted chronologically. Pollen diagrams and maps given in the Appendix 1-17

are supplementing the introduction.

Chapter 2 deals with the Early Medieval landscape around or in between settled areas. The
first case study is from the Early Medieval hillfort in Libice nad Cidlinou, the second is from
the beginnings of the Prague castle. The main questions of both studies are concerned with the
impact of Early Medieval settlement on the natural environment. The results reflect the rural
character of settlements, even in the case of the town of Prague. Pollen spectra, although

coming from cultural layers, are markedly diversified within all ecological groups. The results
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give a picture of land that is not yet intensively used and not yet extensively deforested. A
similar fine balance between the natural and anthropogenic characteristics of the Early
Medieval landscape is seen in pollen diagrams of natural sediments from Hradistko and
Libice (Appendixes 1 and 2).

Chapter 3 is focused on the difference between Early and High Medieval towns as reflected
by pollen data. The main questions are whether the differences that are subjectively evident
are also statistically significant, and what potential pollen analysis has in urban contexts
where other palacoecological disciplines such as macroremain analysis seem to give more
explicit results. The complicated taphonomy of cultural layers makes the interpretation of
pollen results difficult. Analyzing many different archaeological contexts can at least partly
discriminate different pollen sources. Results that best reflect the natural environment of the
town come from less defined archaeological contexts, such as street surfaces or mixed
settlement and waste layers that are common in the Early Medieval but rather scarce later,
when defined archaeological features such as wells or cesspits prevail. The rise of the gothic
town is in many aspects similar to the transformation that happened on the landscape scale.
The building of new houses but also the use of space was planned and organized, because it
was modern and necessary due to the increasing number of inhabitants. The vegetation of
nearby natural biotopes (grasslands, pastures), which was present to quite a large extent in
Early Medieval towns, became rare. High Medieval pollen spectra are characterized by the
predominance of a few taxa. In addition to cereals, these pollen grains are mainly from
nitrophilous weeds, very often Chenopodiaceae, signifying increased eutrophication. The
difference between the Early and High Medieval pollen spectra lays mainly in altered
proportions of the same pollen types, and younger pollen spectra has only partly lower species
diversity. The only relatively reliable indicator of High Medieval sediments is the abundant

Centaurea cyanus.

Chapter 4 is concerned with the rather fine or scattered landscape changes that are primarily
detected by other than pollen data. A good example is the expansion of Abies alba in Czech
forests that is evidenced by forestry archives and assumed to have happened between AD
1300 — 1600. Because every method describing past natural processes has its disadvantages
and can result in misleading generalizations, three data sources concerning 4bies growth are
compared — pollen, anthracological assemblages from archaeological layers and interpreted
historical forestry archives. The main motivation for this comparison is that forestry records
tell that Abies was expanding in forests influenced by pasturing, litter raking and selective
cutting, which is in conflict with mainly alpine pollen results suggesting that Abies is very
sensitive toward human impact. There are questions whether the forestry records as they are
interpreted are valid regionally, and whether the mountain populations of Abies have the same

ecological demands as the population growing in the upland landscape of the Czech Republic.
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Pollen diagrams show that the main period of extensive Abies expansion was during the
Bronze and Iron Ages (2200BC — AD 0). The regional character of pollen data can be taken
as reliable evidence that the expansion of Abies during High Medieval and early Modern
times was not extensive but rather fragmented. Anthracological data also show the “golden
age” of Abies during the Bronze and Iron Ages, but they further support forestry record,
because the Abies charcoals were among the most abundant in High Medieval layers. Even
though pollen data can sometimes be too coarse to show even relatively striking but
fragmented landscape changes, contrasting pollen results from the Alps probably have a very
different explanation, which is the greater ecological amplitude of Abies populations growing

at lower elevations.
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1. Uvod

V ramci zachranného archeologického vyzkumu v roce 1999, ktery probihal na jizni strané
predhradi v Libici nad Cidlinou na parcele €. 5, byly z odkrytych vrstev (prostiednictvim vrti a
nasledné pti skryvani vrstev v sond€ €. 236/2; Marik 2006, obr. 1) odebrany vzorky pro pylovou
analyzu dopliiujici soudasné zaji§ténou analyzu rostlinnych makrozbytkii (Culikova 2006).
Makrozbytkové analyza byla provedena také ze sedimentli objektu ze stfedu predhradi (Culikova
1999). Archeobotanické vyzkumy v zdzemi sidlisté pokracovaly pylovou analyzou zbytku
medem slazené potraviny, jenz byla soucésti vybavy hrobu z 10. stoleti (Pokorny — Marik 2006).
Tyto paralelné provedené studie spolu s archeologickym kontextem jsou vyjimecnou ptilezitosti
k hlubokému vhledu do zivota hradu a jeho vztaht s okolim. Pylova analyza by pfitom méla
ptispét predevsim k poznani druhové skladby a stavu lesnich porostli v okoli lokality.

Lokalita se nachazi na jz. okraji vyvySeniny — zbytku pleistocénni Stérkopiskové fi¢ni
terasy. Uvnitf prostorové zna¢né rozriznéné vnitini delty bylo misto s idealni predispozici k
zalozeni hradu. Archeologicka interpretace pokladd odbérové misto za nejtésnéjsi vné&jsi okoli
star$i faze opevnéni predhradi. Nepocetny soubor zlomkl keramiky neumoznil blizsi datovani

analyzovanych sedimenti nez do pfelomu 9. a 10. az pocatku 12. stoleti.
2. Odbér a zpracovani vzorki

Pylové analyze byly podrobeny sedimenty uloZzené pod 150 cm mocnou vrstvou Sedé hliny na
bazi s opukovymi kameny (pravdépodobné destrukce predni kamenné plenty opevnéni). V horni
¢asti mely hlinitojilovity charakter a smérem dolti postupné prechazely v piscité vrstvy s riiznym
stupném zahlinéni (obr. I). Veskery zkoumany sediment ziejm¢ vznikal pod vodni hladinou, i

kdyz vyska vodniho sloupce nebyla stala.
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Z profilu kopané sondy (236/2) byl odebran blok sedimentti (5 x 5 x 80 cm) pod
zminénou destrukci a z n¢j byly v intervalech 5 cm pomoci sefiznuté injekéni stiikacky ziskany
vzorky pro pylovou analyzu. Dalsi material ze stejnych stratigrafickych urovni byl odebran a
pfedan k analyze rostlinnych makrozbytkli a k malakologické analyze.

Chemické zpracovani materialu probéhlo metodou upravenou podle autort Faegri —
Iversen (1989): odstranéni uhli¢itani 10% HCI, odstranéni kfemicitani koncentrovanou HF,
odstranéni organickych soucasti 10% KOH a acetyla¢ni smési (smés acetanhydridu s H,SO4 v

poméru 9 : 1).
2.1. Prehled nalezenych pylovych typi

Vystupem pylové analyzy je identifikace pylovych typt, jez ztidka pfedstavuji jednotlivé druhy.
Castéji se jedna o skupiny druhii nebo vyssi taxonomické jednotky, tedy rody, ¢eleds, skupiny
Celedi nebo casti Celedi (nomenklatura rostlinnych taxonti podle Kubdat ed. 2002). Nélezy
pylovych typi jsou v tab. I pti popisu charakteru stanovisté asto upfesnény na druhovou troven

diky analyze rostlinnych makrozbytkéi (AM), prezentované v samostatné stati (Culikova 2006).
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Pylovy typ

Zahrnuté druhy

Charakter stanovisté

Abies (jedle)

Abies alba

soucasti dubohabrovych lesi

Acer (javor)

A. campestre, A. platanoides, A.
pseudoplatanus

dubohabtiny, luzni lesy, kfoviny

Achillea (hefmanek)

rody Achillea, Chrysanthemum, Matricaria

podle AM febticek obecny (4.
millefolium) - mezofilni louky, okraje
cest, meze, lesni paseky

Adonis annua (hlavacek ro¢ni)

v§echny nase druhy rodu 4Adonis

podle AM hlavacek letni (4.aestivalis) -
spolecenstva teplomilych polnich plevela

Agrimonia eupatoria (tepik 1ékarsky)

zahrnuje i fepik vonny (4.procera), ktery je
vSak v Polabi vzacny

suchd a slunna stanovisté, subxerotermni
travniky

Agrostemma githago (koukol polni)

pouze 4. githago

plevel obilnych kultur - ozim i jafi

rody kontryhel (Alchemilla) a nepatrnec

kontryhel - vesmés vlh¢i louky a travniky
Casto ruderalizované, nepatrnec - plevele

Alchemilla (kontryhel) (Aphanes) polnich kultur
podle AM Alisma plantago-aquatica -
Alisma (zabnik) vSechny nase druhy rodu Alisma stojaté vody, obnazena dna

Alnus (olse)

A. glutinosa, A. incana

podle AM olse lepkava (4.glutinosa) -
vlh¢i partie luznich lest, bazinné ol§iny

Anthriscus sylvestris (kerblik lesni)

pro stiedni Polabi pfipada v uvahu pouze
kerblik lesni (4. sylvestris)

vlhéi louky, kioviny, pfikopy, rumisté

Artemisia (pelyn€k)

vSechny druhy rodu Artemisia,

nejprvdépodobngéji jde o pelynek Eernobyl (4.

vulgaris)

pelynék Cernobyl - rumiste, okraje cest,
uhory, pobfezni kioviny; ostatni pelynky
soucasti svétlomilnych spise xerotermnich
spolecenstev

Avena (oves)

vedle ovsu setého (4. sativa) ziejmé i dalsi
druhy rodu Avena

Betula (btiza)

vsechny druhy rodu Betula, v Polabi lze
pocitat s bfizou bélokorou (B. pendula) a
btizou pyfitou (B. pubescens)

btiza bélokora - kyselé doubravy, kfoviny,
pionyrska svétlomilna dfevina; biiza
pyfita - vlihka stanovisté

Bistorta (rdesno)

pouze rdesno hadi kotfen (B. major)

podmacené kosené louky

Bupleurum (prorostlik)

v§echny druhy rodu Bupleurum

podle AM prorostlik okrouhlolisty (B.
rotundifolium) - teplomilna plevelova
spoledenstva

Calluna vulgaris (vies obecny)

pouze vies obecny (Calluna vulgaris)

svétlomilny a acidofilni druh, pastviny,
svetlé (Casto degradované) lesy

Calystegia (opletnik)

pouze opletnik plotni (C. sepium)

vlhké kfovinaté porosty Casto kolem vod

Cannabis /Humulus

konopi seté (Cannabis sativa) a chmel
otaivy (Humulus lupulus)

chmel otacivy - luzni lesy, vlhké kioviny

Carpinus betulus (habr obecny)

pouze habr obecny (Carpinus betulus)

dubohabtiny

Centaurea jacea

chrpa luéni (Centaurea jacea), chrpa
parukaika (Centaurea pseudophrygia), chrpa
latnata (Centaurea stoebe)

xerotermni travniky az vlhké louky

Centaurea scabiosa (chrpa ¢ekanek)

pouze chrpa ¢ekanek (C. scabiosa)

kfovinaté stran€, meze, sussi louky lesni
okraje

Cerealia

obiloviny, které se nepodafilo blize urcit -
pSenice, oves, jeémen, Zito

péstované v polnich kulturach

Cerinthe (voskovka)

pouze voskovka mensi (C. minor)

teplomilny druh; kfoviny, lesni lemy,
pole, rumisté, thory, naspy

Chenopodiaceae (merlikovité)

pfislusnici ¢eledi merlikovité
(Chenopodiaceae) a laskavcovité
(Amaranthaceae)

dusikem bohata mista, ¢asto vlh¢i;
ruderalni stanovisté, obnazena dna, okoli
hnojist apod.

Cicuta (rozpuk)

pouze rozpuk jizlivy (C. virosa)

svétlomilny druh; nezpevnéné pudy
bazinnych olSin a biehi fek
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Cirsium (pchac)

chépan jako suma druht pchaé (Cirsium) a
bodlak (Carduus), obsahuje vsak i dalsi rody

podle AM bodlak obecny (Carduus
acanthoides) - ruderalni nitrofilni
spolecenstva, pcha¢ rolni (Cirsium
arvense) nebo pcha¢ bahenni (C. palustre)
- pole, thory, rumisté, pastviny a pchac
bahenni vlhké louky a olSiny

Coleogeton (rdestik)

pouze rdestik hiebenity (C. pectinatus)

vodni druh; mélké eutrofni vody

Cornus sanquinea

pouze svida krvava (Cornus sanguinea)

luzni lesy, kfoviny, svétlé listnaté lesy

Coronilla varia (¢i¢orka pestra)

pravdépodobné jen ¢iorka pestra (Coronilla
varia)

sussi slunna mista; xerotermni travniky a
kfoviny

Corylus avellana (liska obecnd)

pouze liska obecna (Corylus avellana)

lesni okraje, svétlé lesy a kioviny

Crassulaceae (tlusticovité)

nejpravdépodobnéji se jedna o rod
rozchodnik (Sedum)

suché travniky, okraje cest, zidky,
skalnata a kamenita mista

Cuscuta europaea (kokotice evropska)

kokotice evropska (C. europaea), k. povazka
(C. epithymum) a k. hubilen (C. epilinum)

parazitické rostliny, C. epilinum pouze na
Inu setém, C.epithymum -vyrazné
teplomilny druh

Cynoglossum (uzanka)

v Cechach roste pouze uzanka lékatska (C.
officinalis)

teplomilna ruderalni spolecenstva

Cyperaceae (Sachorovité)

druhy &eledi §achorovité (Cyperaceae)

podle AM nékolik druhti rodu ostfice
(Carex), bahnicka moktadni (Eleocharis
palustris), skiipina kofenujici (Scirpus
radicans), skiipina lesni (S. sylvaticus) a
skiipinec dvoublizny (S.
tabernaemontani) - bahnité subtraty,
podmacené louky, rakosiny apod.

Daucus carota (mrkev obecna)

pouze mrkev obecna (Daucus carota)

sussi slunna mista; suché travniky,
ruderalni kamenita stanovi§té

Echium vulgare (hadinec obecny)

pouze hadinec obecny (Echium vulgare)

sussi slunna mista; suché travniky,
ruderalni kamenita stanovi§té

Fagus sylvatica (buk lesni)

pouze buk lesni (Fagus sylvatica)

ziejmé soucasti dubohabrovych lesti

Filipendula (tuzebnik)

tuzebnik jilmovy (Filipendula ulmaria) a t.
obecny F. vulgaris)

podle AM tuzebnik jilmovy - podmacené
nepravidelné kosené louky, luzni lesy

Fallopia (opletka)

opletka obecna (F. convolvulus) a opletka
kiovistni (F. dumetorum)

podle AM opletka obecna (F.
convolvulus) - vlhké az mirn€ vysychavé
pidy, Casto podél cest

Frangula alnus (kru$ina ol§ova)

pouze krusina olSova (Frangula alnus)

kyselé vlh¢i pady, pobiezni porosty,
acidofilni doubravy, kfoviny

Fraxinus (jasan)

pouze jasan ztepily (Fraxinus excelsior)

luzni lesy

Gramineae

témet vSechny druhy z ¢eledi lipnicovité
(Poaceae), zahrnuje zejména tzv. divoké
travy

podle AM bér sivy (Setaria pumila) a bér
zeleny (Setaria viridis) - plevele; lipnice
ro¢ni (Poa annua) - pastviny a
seSlapavana mista

Helianthemum (devaternik)

rody devaternik (Helianthemum) a
devaterni¢ek (Rhodax), zde se jedna asi o
devaternik velkokvéty tmavy (Helianthemum
grandiflorum ssp. obscurum)

teplomilné travniky, lesni bylinné lemy

Hordeum (je¢men)

predevsim je¢men obecny (Hordeum
vulgare), velikostné se pylovy typ kryje s
nékterymi druhy divokych trav - zblochan
vzplyvavy (Glyceria fluitans)

polni kultury, zblochan vzplyvavy
(Glyceria fluitans) - pobfezni porosty

Hottonia palustris (zebratka bahenni)

pouze zebratka bahenni (Hottonia palustris)

stojaté eutrofni vody, snasi i pfechodné
vyschnuti

Juniperus (jalovec)

pouze jalovec obecny (Juniperus communis)

pastviny, nahradni spolecenstva po
duboborovych lesich
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teplomilna ruderalni spolecenstva,
Hyoscyamus niger (blin ¢erny) pouze blin ¢erny (Hyoscyamus niger) nitrofilni druh

podle AM tiezalka chlupata (H. hirsutum)
- luzni lesy a dubohabfiny; tfezalka
teckovana (H. perforatum) - pastviny,
uhory, svétlé lesy apod.; tfezalka
ctyiktidla (H. tetrapterum) - podmacené
Hypericum perforatum (tfezalka te€kovana) | v§echny nase druhy tfezalek louky, rakosiny, pobiezni porosty

vSechny nase druhy kosatcti - zde
pravdépodobné bézny kosatec zluty (Iris rakosiny, porosty vysokych ostfic, bazinné
Iris (kosatec) pseudacorus) ol§iny, pobfezni porosty

nevapnité pis¢ité pudy, nezpevnéné pisky
Jasione montana (pavinec chlumni) pouze pavinec chlumni (Jasione montana) po acidofilnich doubravach

pole, thory, sucha pusta mista, teplomilny

Nigella (Cernucha) u nas pouze ¢ernucha rolni (Nigella arvensis) | druh

jedna se nejspise o vicenec pisecny (O. tepla sucha stanovisté, xerotermni
Onobrychis (viéenec) arenaria) travniky

mak vI¢i (P. rhoeas), mak pochybny (P. podle AM mak VI¢i - ruderéalni a plevelna
Papaver rhoeas (mak vI¢i) dubium), mak sety (P. somniferum) spoleéenstva; mak sety - kulturni plodina

podle AM tfi druhy podobnych
ekologickych naroki - vlhké pudy s

krom¢ rdesna obojzivelného (P. amphibia) vy$§im obsahem dusiku, plevelna
Persicaria maculosa (rdesno Cervinec) v§echny naSe druhy rodu Persicaria spleCenstva, obnazend dna
Phragmites (rékos) pouze rakos obecny (Phragmites australis) rakosiny
Picea (smrk) pouze smrk ztepily (P. abies) zde nejspiSe pfimés v bazinnych ol§inach

mineralné chudé a kyselé pudy, soucasti
Pinus (borovice) pouze borovice lesni (Pinus sylvestris) acidofilnich doubrav, pionyrska dfevina

Plantago lanceolata (jitrocel kopinaty) pouze jitrocel kopinaty (P. lanceolata) louky, pastviny, ruderalizované travniky

kratkostébelné pastviny, silné seslapavana

Plantago major (jitrocel vEtsi) pouze jitrocel vétsi (P. major) mista
ruderalni stanovisté, okoli cest, louky,
Plantago media (jitrocel prostiedni) pouze jitrocel protiedni (P. media) pastviny
pravdépodobné jde o truskavec ptaci (P. nitrofilni plevelna spolecenstva, siln¢
Polygonum aviculare (truskavec ptaci) aviculare) se§lapdvana mista
topol ¢erny (P. nigra), topol osika (P. topol ¢erny - luzni lesy, topol osika -
Populus (topol) tremula) kyselé doubravy, kioviny

podle AM rdest kadetavy (P. crispus) a
Potamogeton natans (rdest vzplyvavy) vét§ina nasich druhl rodu Potamogeton rdest svétly (P. lucens) - eutrofni vody

podle AM mochna pise¢na (P. arenaria) -
suché travniky; mochna natrznik
(P.erecta) - louky; mochna nizka (P.

rody mochna (Potentilla), zab&hlik supina) - vlhka stanoviste, biehy; jahodnik
Potentilla (mochna) (Comarum), jahoda (Fragaria) obecny (F.vesca) -paseky a svétliny lest
Sanquisorba officinalis (krvavec toten) pouze krvavec toten (S. officinalis) mezofilni az vlhké louky

prvosenka jarni - sus§i dubohabtiny a
druhy prvosenka jarni (P. veris) a prvosenka | doubravy, bylinné lemy; prvosenka vyssi -
Primula veris (prvosenka jarni) vy$si (P. elatior) vlh¢i lesy, luzni lesy

pilat Iékaisky - teplomilna ruderalni
druhy rodu plicnik (Pulmonaria) a pilat spolecenstva; plicnik - vétsina druht roste
Pulmonaria (plicnik) 1ékatsky (Anchusa officinalis) v bylinném patie listnatych lest
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Ranunculus acris (pryskyinik prudky)

rody sasanka (Anemone), plamének
(Clematis), koniklec (Pulsatila), lakusnik
(Batrachium), pryskyinik (Ranunculus), orsej
(Ficaria) a rohohlavec (Ceratocephala)

podle AM lakusnik vodni (B. aquatile) -
vody s bahnitym substratem; pryskyinik
prudky (R. acris) a p. plazivy (R. repens) -
vlhké louky, pobfezni porosty; p. lity (R.
sceleratus) - bahnité naplavy fek

Rhamnus cathartica (fesetlak pocistivy)

pouze fesetlak polistivy (R. cathartica)

luzni lesy, kfoviny, lesni lemy, svétlé lesy

Rosaceae trees (rtizovité dieviny)

druhy celedi Malvaceae a Amygdalaceae

podle AM slivon trnitd (Prunus spinosa),
jablon obecna (Malus domestica), hloh
(Crataegus sp.), tiesen (Cerasus) - druhy
kfovin a kefovych plastu

Rubiaceae (mofenovité)

vSechny naSe druhy této celedi

podle AM mafinka rolni (4sperula
arvensis) - druh teplomilnych pleveld;
svizel ptitula (Galium aparine) -pobiezni
porosty, ruderalni spole€enstva; svizel
povézka (G. molugo) - biehy, vlhké louky
apod.; svizel klamavy (G. spurium) -
teplomilny plevel, druh sussich
ruderdlnich stanovist

Rumex (§tovik)

druhy rodu $tovik v Sir§im pojeti - kyselac
(Acetosa), kyselka (Acetosella) a §tovik
(Rumex)

podle AM nékolik druhi vlhkych
stanovist’ ¢asto obohacenych dusikem -
pobiezni porosty, podmadené louky

Quercus (dub)

mize se jednat o dub letni (Q. robur) a dub
zimni (Q. petraea)

dub letni je typicky pro tvrdy luh, v
dubohabfinach a kyselych doubravach
roste spolu s dubem zimnim

Sagittaria (Sipatka)

pouze Sipatka vodni (S. sagittifolia)

mélké periodicky vysychavé vody

Salix (vrba)

vSechny druhy vrb

patrné jde o druhy luznich lest a fi¢nich
naplavi, pravdépodobna je i pfitomnost
viby jivy (Salix caprea) - druhu
ruderdlnich kfovin

Salvia (3alvgj)

vétSina nasich druhti rodu Salvéj

podle AM Salv¢j luéni (S. pratensis) -
suché slunnd stanovi$té, louky

Sambucus nigra (bez Cerny)

zahrnuje bez ¢erny (S. nigra) a bez hroznaty
(S. racemosa)

podle AM bez Eerny - ruderalni kefova
spolecenstva

Scabiosa (hlavag)

v§echny nase druhy rodu Scabiosa, zde
nejspise hlavac zlutavy (S. ochroleuca) a
hlavag Sedavy (S. canescens)

suché travniky, bylinné lemy

Secale cereale (Zito seté)

pouze zito seté (Secale cereale)

polni plodina

Serratula tinctoria (srpice barvifska)

pouze srpice barvitska (Serratula tinctoria)

vlhké louky a §ipakové doubravy

Sium latifolium (sevlak potoéni)

druhy sevlak potocni (Sium latifolium) a
potoénik vzpiimeny (Berula erecta)

pobfezni porosty, rakosiny, porosty
vysokych ostiic

Solanum dulcamara (lilek potméchut’)

pouze lilek potméchut’ (Solanum dulcamara)

lemy a svétliny luznich lesi, rakosiny,
mokftadni ol§iny

Solanum nigrum (lilek Cerny)

s vyjimkou druhu lilek potméchut’ zahrnuje
v§echny nase druhy rodu lilek

podle AM lilek ¢erny (S. nigrum) - vlhké
dusikaté pudy, rumisté, obnazena dna,
plevel

Sonchus oleraceus (mlé¢ zelinny)

pravdépodobné vSechny druhy rodu mlé¢

podle AM mlé¢ drsny (S. asper) -
plevelova spolecenstva mirné teplych
oblasti

Sphagnum (raselinik)

v§echny druhy rodu raselinik

podmécend stanoviste - lesni i nelesni

Symphytum (Kostival)

v§echny druhy rodu kostival,
nejpravdépodobnéji jde o kostival 1ékatsky
(S. officinale) nebo kostival cesky (S.
bohemicum)

luzni lesy, bazinné olSiny,vrbové kioviny,
rakosiny, podmacené louky

Taraxacum (smetanka)

v§echny druhy rodu smetanka

nejriznéjsi, vétSinou nelesni stanovisté
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podle AM zlutucha zluta (7. flavum) -

Thalictrum (zlutucha) vSechny druhy rodu zlutucha pobiezni porosty, podmacené louky apod.
zde se jedna pravdépodobné o Inénku prvni dva druhy upfednostiiuji sucha
Inolistou (7. linophyllon), Inénku rolni slunnd mista, travniky, lesni lemy i svétlé
(T.arvense) nebo Inénku bezlistennou lesy; Inénka bezlistenna roste na

Thesium (Inénka) (T.ebracteatum) slatinnych loukach
oba na$e druhy - lipa srd¢ita (T. cordata) a

Tilia (lipa) lipa velkolista (7. platyphyllos) dubohabrové lesy, tvrdy luh

Triticum (pSenice) v§echny druhy pSenice polni plodina

v§echny nase druhy rodu jilm, zde nejspise
druhy jilm habrolisty (U. minor) a jilm vaz luzni lesy, dubohabiiny, jilm habrolisty -

Ulmus (jilm) (U. laevis) kifoviny

teplomilny druh; navesni prostory, biehy
Verbena officinalis (spory$ 1¢katsky) pouze sporys 1ékaisky (Verbena officinalis) vod, thory

luzni lesy, dubohabtiny, kfoviny, porosty
Viburnum opulus (kalina obecnd) pouze kalina obecna (Viburnum opulus) vrb

parazituje téméf na vSech u nas rostoucich
Viscum (jmeli) pouze jmeli bilé (Viscum album) drevinach

druhy violka rolni (Viola arvensis) a violka podle AM oba uvedené druhy - polni

Viola arvensis (violka rolni) trojbarevna (Viola tricolor) kultury, ¢lovékem naru$end stanovisté
Viola palustris (violka bahenni) zahrnuje ptes 20 druhi rodu Viola velmi riiznorodd stanovisté
Xanthium (fepet) u nds pouze fepeft durkoman (X. strumarium) | xerofilni ruderdlni spoleCenstva

Tab. 1. Seznam rostlinnych taxoni identifikovanych pylovou analyzou. Ve tietim sloupci jsou nékteré
pylové typy konkretizovany nalezem makrozbytkové analyzy (AM) podle V. Culikové (2006).

Tab. 1. List of identified pollen taxa. Character of biotope is in the third column specified according
to the results of macroremain analysis (AM) from the same site.

3. Pokus o rekonstrukci prirodniho prostredi v okoli hradisté

Pylovy diagram (obr. 1) zachytil obraz vegetace uvnitf i vné hradist¢ v podrobnéji
neupfesnéném casovém useku. Podle charakteru sedimentu hradistniho ptikopu, ktery je
popisovan jako piscity, v horni ¢asti s vétsi pfimési hliny, se 1ze domnivat, ze mohl vznikat
pomérné rychle a Ze voda korytem pomalu protékala — nebyly nalezeny jemné jezerni
sedimenty vznikajici pfevazné z autochtonni produkce ekosystému stojaté vody. Navic zadné
pylovou analyzou determinované druhy vodnich rostlin tuto skute¢nost nevyvraceji.
Malakologickd analyza se vSak na zékladé nalezenych druhtt mekkyst ptiklani spiSe k
interpretaci ptikopu coby stojaté husté zarostlé vodni plose (Hlavac 2006). Nelze vyloucit, ze
jako hradni ptikop obyvatelé vyuzili vedlejsi rameno feky Cidliny, které se postupem Casu
zanaselo povodiovymi pisky a hlinami a odpadnimi produkty obyvatel hradu.

Na zéklad¢ archeologické interpretace lze pokladat odbérové misto za litordlni zonu
hradniho ptikopu, tedy misto s kolisajici hladinou vody. Nalezené vodni druhy rostlin jako
zebratka bahenni (Hottonia palustris) nebo zabnik jitrocelovy (Alisma platago-aquatica) jsou
pravé takovym podminkdm pfizplisobeny. VySe zminéné i ostatni v pylovém zaznamu
nalezené vodni rostliny — rdestik (Coleogeton) a rdest (Potamogeton) jsou typické pro uZivné
az eutrofni vody stiednich a dolnich toki fek, zde navic s moznosti obohaceni zivinami

lidskou rukou (zda k nému dochazelo viz nize). Analyza rostlinnych makrozbytkti zachytila
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hlavné vegetaci samotného ptikopu, piredhradi a v malé mife i sortiment péstovanych plodin
(Culikova 2006). Interpretace pylového spektra se naproti tomu obraci k §ir§imu okoli mista a
vypovida ptredevsim o charakteru lesnich spoleCenstev. Poprvé byla rekonstruovana na
zaklad¢ determinace nalezenych zuhelnatélych drev, tskali interpretaci tohoto druhu vsak
predestiela v textu sama autorka (Slavikova 1976). Pylova analyza zachytila stejné druhy, ale
poméry mezi dievinami se ukazaly byt v pifipad¢ uhliki zkresleny selektivnim vybérem
suroviny. Napiiklad mekké dievo vrby nebylo pouzivano ani jako palivo, a¢ se vyskytovalo
blizko a ve velkém mnozstvi. Pylova zrna vrb maji relativné kratky dolet (vrby jsou
opylovany hmyzem), a pfesto jsou v pylovém diagramu vyrazn¢ zastoupeny. Ob¢
rekonstrukce se nicméné shoduji v dominantnim postaveni spolecenstev tvrdého luhu v
tehdejsi nive feky.

Bohaté pylové spektrum svédéi o znacéné diverzité prostifedi. Zastihlo fi¢ni nivu v
obdobi jesté pred jejim zahlinénim pozdé€ji ve vrcholném stiedovéku (k této problematice
Opravil 1983; Sadlo et al. 2005). Reky Cidlina a Labe tvotily v té dobg jisté mnozstvi slepych
a vedlejSich ramen a terén nebyl dosud zarovnidn naplaveninami povodilovych hlin.
Zaplavovana ¢ast nivy se omezovala na uzsi okoli feky, a tvrdy luh byl tedy pravdépodobné
jesté vyrazné rozvinut v navazujicich, méné zamoktenych partiich. Zde také spociva argument
(s touto predstavou polemizuje jiz Slavikova 1976 nebo Opravil 1983). K diverzité prostiedi
vyrazné prispéla ¢innost ¢lovéka o intenzité odpovidajici krajinnému impaktu rané stfredoveéké
aglomerace.

Pylovy diagram ukazuje relativn¢ vyrovnany pomér dfevin a bylin (AP/NAP).
Dfteviny pfitom na jeho bazi ptevazuji. Podle modernich vyzkumii zachycuje pylova analyza
za podobnych okolnosti okoli do 1 km a nejvice odrazi nejblizSich 100 m od odbérového
mista (Sugita et al. 1999). Vypovida tak o oteviené parkovité krajiné (podil dievin mezi 40—
60 %), kultivované hlavné v tésném okoli sidlist¢ (zde zaroven odbérového mista), kdy
¢lovék svou ¢innosti dosud diverzitu prostfedi spiSe zvySoval. Pfi interpretaci miry zalesnéni
je nutné vzit v uvahu, Ze pylovy spad (a také pylova produkce) anemogamnich
(vétrosprasnych) drevin velmi piesahuje pylovy spad vesmés hmyzosprasnych bylin. Je jisté,
ze lesy v okoli hradu byly myceny a také slouzily jako misto pro pastvu dobytka. V té€sné
blizkosti sidli§t¢ mizeme ocekéavat nejasné a predevsim nestile vymezené pastviny, louky ¢i
polnosti a thory, které¢ v neostrych hranicich pfechdzely v pastevni lesy ¢i1 mocaly s relativné
neporusenymi porosty luhti (srov. Sddlo a kol. 2005). Podle zastoupeni bylin v pylovém
spektru (i podle velikosti sidlisté, a tudiz narokii nemalého poctu obyvatel) lze soudit na
znacnou miru odlesnéni a antropogenniho zatizeni krajiny. Pfesto byla Libice hradisté svym
charakterem jakymsi ostrovem v ramci ¢eské sidelni ekumeny. Vlhké prostiedi soutoku spolu
s technickou vyspélosti odpovidajici pielomu 9. a 10. stoleti diktovalo jistd omezeni ve
vyuziti pfirodnich zdrojl, a okoli hradist¢ tak bylo lesnatéjsi, nez by odpovidalo praméru

okolni krajiny. K pomérné vysokému vyskytu pylovych zrn bylin pfispivd skutecnost, ze
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samotné okoli odbéru vzorkii pro pylovou analyzu bylo zcela jist¢ odlesnéné. Blize
nedefinovatelné mnozstvi pylovych zrn mohlo byt navic do piikopu transportovano s
odpadem.

Nyni k charakteru lesnich porostl, které byly v nastinéné podobé rizné ovlivnéné
¢lovékem podle vzdalenosti od hradisté a podle moznosti vyuziti, jez nabizely (kvalita dfeva,
dostupnost spojena i s mirou zamokieni, ptipadné¢ ritudlni ¢i ndbozenské zabrany, jako byl
napf. vzity respekt vii¢i mocalim — srov. Smetanka 2004, 199-200). Pylova analyza nemtize
nabidnout konkrétni obraz managementu, jaky byl v krajin¢ okolo hradu uplatiovan.
Nalezené mnozstvi taxond ndm nicméné dovoluje usuzovat na relativné bohatd piirodni
spolecenstva lesnich porostt, ktera se v raném stfedovéku v lokalité vyskytovala.
vyskyt topolu ¢erného, vrby bilé, vrby kiehké a dalSich vrb) mékkého luhu. Bylinné patro
patiilo druhtim jako chmel otacivy (Humulus lupulus), zabnik vodni (Alisma plantago-
aquatica), kosatec zluty (Iris pseudacorus), lilek potméchut’ (Solanum dulcamara), opletnik
plotni (Calystegia sepium) nebo kopiiva dvoudoma (Urtica dioica).

Vyse, na méné zaplavovanych partiich nastupoval tvrdy luh — porosty s dominanci
dubu letniho (Quercus robur), jilma (ziejmé Ulmus laevis a U. minor) a s moznym vyskytem
dalSich dfevin napt. jasanu ztepilého (Fraxinus excelsior), v sus$ich partiich javoru babyky
(Acer campestre) 1 habru obecného (Carpinus betulus), Castou pfimés tvoti lipa srd¢ita (7ilia
cordata). V kefovém patie tvrdého luhu se neziidka objevuje kalina obecna (Viburnum
opulus), svida krvava (Cornus sanquinea) a bez Cerny (Sambucus nigra). Byliny mékkého
luhu mohly prospivat i zde, navic se mohla vyskytovat zlutucha zluta (Thalictrum flavum) a
prvosenka vétsi (Primula elatior).

V mozaice s porosty tvrdého luhu se v terénnich snizeninach s pohyblivou hladinou
podzemni vody obcas vystupujici nad pidni povrch pravdépodobné uplathovaly bazinné
olsiny s olsi lepkavou (4/nus glutinosa) a ptimisenym smrkem (Picea abies). V nich mizeme
predpokladat vyskyt tuzebniku jilmového (Filipendula ulmaria), skiipiny lesni (Scirpus
sylvaticus), kostivalu lékaiského (Symphytum officinale) nebo kruSiny olSové (Frangula
alnus).

Na uzemi mimo dosah zaplav se na hlinitych ptdach rozvijely habrové doubravy, v
nichz byl habr (Carpinus betulus) podporovan dlouhodobou lidskou ¢innosti v davno osidlené
krajin€. Doprovazely jej dub letni (Quercus robur) 1 dub zimni (Q. petraea), lipa srd¢ita (Tilia
cordata), lipa velkolista (Tilia platyphyllos), svida krvava (Cornus sanquinea), kalina obecna
(Viburnum opulus) a liska obecnd (Corylus avellana). V bylinném patfe kvetla napf.
prvosenka jarni (Primula veris), prvosenka vétsi (Primula elatior) a druhy rodu plicnik
(Pulmonaria). V pylovém spektru zaujima mezi dfevinami vyznamné postaveni buk (Fagus)
a jedle (4bies), které byly patrné soucasti dubohabrovych lesii i v takto teplé oblasti Cech

(blize Pokorny 2004). Ptitomnost jedle se ¢asto opomiji pro jeji dnesni vzacnost — ta je ovSem
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pomérné pozdniho data a stoji za ni celkové znecisténi ovzdusi v novovéku a houbové
onemocnéni (Madlek 1980).

Na piscitych substratech fi¢nich teras lze predpokladat spolecenstva kyselych doubrav,
kde se na extrémnich stanovistich uplatiiovala také borovice (Pinus sylvestris) a btiza (Betula
pendula). V podrostu bychom hledali ptavodce pylovych zrn viesu obecného (Calluna
vulgaris) a pavince chlumniho (Jasione montana). Borovice, biiza i topol osika (Populus
tremula) se mohly vyskytovat i na predhradi jako néletové dieviny.

Nelesni vegetace se v pylovém spektru projevila velkou pestrosti druhti. Obecné si
muzeme predstavit tehdejsi prostfedi jako pomérné drobnozrnou mozaiku udrzovanou v
ptfirozené heterogennim terénu nedbalym, nevyhranénym a technicky dosud relativné malo
vyspélym lidskym managementem.

Ruderalni spolecenstva maji v podobnych lokalitach bohaty zdroj v pobiteznich
porostech (blize Opravil 1980). Takovy ptivod ma napt. koptiva (Urtica), nékteré merliky
(Chenopodiaceae) nebo mnohé druhy Stovikd (Rumex sp.). Ekologickym protikladem jsou
rostliny suchych pustych mist, thori, naspt, okoli cest apod., zastoupené v pylovém spektru
velmi bohat¢ a dokladajici teplé klima ¢eského termofytika. Jedna se o druhy hadinec obecny
(Echium vulgare), voskovka (Cerinthe), ¢ernucha (Nigella), tepen (Xanthium), pelynék
(Artemisia), rozchodnik (Sedum) nebo mrkev obecna (Daucus carota). (Vice o ruderalni
vegetaci viz vysledky makrozbytkové analyzy: Culikova 2006).

Z pylového diagramu (obr. 1) vyplyva, ze podil luk a pastvin byl v okoli hradisté
vyznamny (vysoky podil travin — Poaceae — a bohata skladba lu¢nich a pastvinnych druht).
Louky mély prostor v bezprostfednim okoli sidlisté proto, ze dosud nedoslo k zahlinéni fi¢ni
nivy (spojené se zarovnanim povrchu) a jejimu naslednému silnému podméceni. Stiidaly se
vlhké podmacené louky s tuzebnikem (Filipendula), krvavcem (Sanquisorba), rdesnem hadim
kotenem (Bistorta typ), pryskyiniky (Ranunculus acris typ), kostivalem (Symphytum) a
pchéci (Cirsium) se suchymi az xerotermnimi travinnymi spoleCenstvy s mnoha druhy
charakteristickymi pro teplé oblasti, jako napt. hlava¢ (Scabiosa), Salv€j (Salvia), vicenec
(Onobrichis), chrpa ¢ekanek (Centaurea scabiosa), ¢icorka pestra (Coronilla varia), hadinec
obecny (Echium vulgare), devaternik (Helianthemum) aj. Xerotermni vegetace porustala
vyvySeniny v terénu, jako byl napf. svah samotné fi¢ni terasy, na némz se rozkladalo sidlisté.

O umisténi a rozsahu polnosti je obtizné cokoli usuzovat. Stejné jako v souboru
rostlinnych makrozbytkil ze stejného odbérového mista (Culikovd 2006) se ani v pylovém
diagramu neprojevily péstované plodiny pfili§ vyrazné. Vyjimkou je mohutné zastoupeni pylu
konopé¢ seté (Cannabis sativa), prokazané v sedimentu i nalezenymi nazkami. Zde ovSem jeji
pyl nebyl oddélen od chmelu otacivého (Humulus lupulus), hojného v pobteznich porostech. I
v ptipad¢, ze by pylova zrna konopé¢ byla urCovana samostatné (lze rozlisit podle velikosti),
bylo by obtizné usuzovat na miru a polohu jejiho péstovani, nebot' jde o vétrosprasnou
rostlinu se znacnou produkci i rozptylem pylu. VSechny druhy péstovanych obilovin

prokazanych makrozbytkovou analyzou (pSenice obecnd, Zito seté, jemen dvoutady, oves;
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Culikova 2006) byly doloZeny i pylovymi zrny. Tento sporadicky pylovy projev obilovin
muze mit vic divodu. Pole se musela nachazet ve vétsi vzdalenosti od odbérového mista,
nebot’ ani pyl vétrosprasného zita (Secale cereale) se v pylovém diagramu neprojevil nad
ostatni (samosprasné) druhy zrnovin (ordny mohly byt hnédé lesni pidy v mistech
vykécenych dubohabiin mimo podmacenou fi¢ni nivu). Mizeme také soudit, ze tcleso
ptikopu bylo pomérné Cisté, to znamena bez vétsiho piisunu odpadki a fekalniho materialu
(coz podporuje i malakologické analyza — Hlavac 2006), jak vyplyvé ze srovnani s vrcholné
sttedovékymi situacemi podobného charakteru (napt. Benes et al. 2002), kde ma odpadni

materidl znacny podil.
4. Zavér

Pylova analyza doplnila ptfedstavu o prostfedi libického hradu a ptredev§im o jeho okoli,
kterou vytvari spolecné¢ s ostatnimi ptfirodovédnymi studiemi — analyzou makrozbytk,
malakologickou analyzou a pylovou analyzou fosilniho zbytku medem slazené potraviny.
Obecné zachytila velkou pestrost rostlinnych spolecenstev, kterou podminuje piirozena
heterogenita pfirodniho prostfedi tehdejsi ficni nivy spolu s teplym podnebim ceského
termofytika a lidskou ¢innosti odpovidajici technické vyspélosti rané¢ho stredovéku (mozaika
podmacenych stanovist, suchych vyvySenych mist, rizné miry eutrofizace prostiedi, rtizné
intenzity i1 charakteru vyuziti prostoru, které¢ nebylo dasledné ani pravidelné a nemélo ostré
hranice). Krajinu v bezprostfednim okoli hradu tvofily louky a pastviny, které prechéazely v
pastevni lesy a déle od hradu v pfirozené porosty luhti, doubrav a dubohabtin. Lesy jsou ve
studovaném obdobi dosud zachovany v druhové bohatém piirodnim stavu, nehledé na jejich
predpokladané hojné vyuzivani v nejbliz§im sousedstvi sidlisté. O rozsahu a umisténi polnosti
nelze Cinit jednoznacné zavéry, pravdépodobné ale nezaujimaly v okoli sidlist¢ vyznamny

podil plochy.
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Summary

During the rescue archaeological excavations of the Early Medieval settlement at Libice nad
Cidlinou, short profile was taken from clayey sediments in the southern edge of the hillfort.
Pollen analysis was done from the sediments under the destruction probably of the
fortification wall (Fig.1). The sediments seem to originate in standing water and were
archaeologically dated into the interval between the turn of the 9th and 10th centurie and the
beginning of the 12th century. Based on the archaeological interpretation, the analysed
sediments were in the litoral zone of the fortification water ditch which is supported by the
pollen findings of water plants such as Hottonia palustris, Alisma plantago-aquatica,
Coleogeton and Potamogeton. Both arboreal and nonarboreal pollen is well represented.
Relatively high ratio of nonarboreal pollen evidences deforested land which was the area of
the hillfort and its close vicinity. The settled zone was probably surrounded by alluvial forests
with the dominance of Quercus and abundant A/nus and Salix at water logged places. Pollen
of Abies and Fagus was relatively abundant in the sediments suggesting that these trees could
grow in the oak — hornbeam forests in the region. Nonarboreal vegetation was formed by
meadows and pastures both wet and dry. Cultivated plants are represented by pollen of Secale
cereale and Tritium type. Overall species richness of the pollen spectra reflects the fine
mosaic of the landscape where natural processes and human impact were more or less in a

balance.
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Abstract

The pollen analysis of early medieval sediments from the southern ravine at Prague Castle
was performed on the basis of the unfinished processing of samples taken in 1998 at the
location of today’s Third courtyard. The samples were taken as part of a project (Bohacova
1999) aimed at the long-term preservation of an archaeological site from the 1920s. The
processed samples are from cultural layers laid down some time around the last third of the
Oth and first half of the 10th centuries; these were created in the, by then, already settled area
of the partially filled-in gorge whose mouth was in the centre of the Pfemyslid castle on the
southern slopes of HradCany. The pollen spectrum in the individual samples does not show
any change in vegetation over the course of the studied period. The pollen spectrum from the
early medieval cultural layers contains rather marginal ratio of arboreal pollen. The most
common traces are those of Pinus sylvestris, that was becoming more numerous in the Middle
Ages. Also Abies alba was spreading in cultural landscape. The low number of pollen grains
from the main climax tree species for the lokality and nearby surroundings — oak (Quercus)
and hornbeam (Carpinus) — points towards extensive deforestation. Isolated finds of pollen
grains point towards the presence of shrub communities. The primary herbaceous plants are
ruderals, cereals and related weeds (the only exception beany sample P5). Ruderal herbaceous
plants inhabited a broad range of sites, from moist nutrient-rich locations to dry, barren sites.
The position of the studied site is well reflected in the high ratios of pollen from xerophytes
(indicating a pasture) which probably grew on the southern slope of HradCany. The set of
represented samples is characterised by an exceptional species richness reflecting the high

level of diversity of the early medieval landscape.
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1. Uvod

V letech 1997-1998 byl v néavaznosti na zachranny archeologicky vyzkum provazejici
rekonstrukci nosné desky III. hradniho nddvofi realizovan projekt2 (Bohacova ed. 1998;
Bohacova 1999), v jehoz ramci byly odebrany vzorky pro razné typy ptirodovédnych analyz,
vcetné analyz archeobotanickych. Kromé pozustatkti dievénych konstrukci hradebniho télesa
1 bézné sidlistni zastavby, uchovanych v aredlu in situ (Kaplan 1998a), byly pro tento typ
analyz ziskany vzorky sedimentli z ran¢ stfedov€ékého souvrstvi, které se vytvofilo na
zapadnim povlovném uboci rozlehlé terénni deprese. Ta zasahovala od JV do centrdlni ¢asti
jizniho svahu ostrohu a po zaloZeni hradu byla jeji ¢ast pojata do vnitini ¢asti hradniho arealu
(tzv. akropole).

Pro odbér vzorki (sonda 20; obr. 1-3) bylo vybrdno misto seviené severni zdi
romanského kostela (tzv. kostela sv. Bartoloméje) a zdpadni zdi chodby smétujici od n¢j k
bazilice sv. Vita, situované tésn€ severné od hypotetické linie vnitini hrany hradiStniho
opevnéni. Tato volba byla ovlivnéna dvéma faktory: vlhkostnimi poméry a stavem
archeologickych terént. Procentudlni vlhkost vzduchu byla v daném misté nezvykle stabilni a
prostoru ziistdvala ve vlh¢ich obdobich roku stat. Byly tudiz vytvofeny optimalni podminky
pro dochovani organické hmoty véetné pylovych zrn. Sou€asné pravé zde vyrazné€ postoupila
degradace archeologickych teréni. Dlouhodobé obnazené cenné stratigrafie raného
sttedovéku s torzy dievéné zastavby postupné destruovaly, stav této Casti aredlu vyzadoval
tedy neodkladné feSeni a naslednd ochrana spodnich ¢asti souvrstvi pis€itym zdsypem
znamenala znemoznéni piistupu k t€émto teréniim. Pylova analyza sedimentt jizni rokle navic
nemusi byt v budoucnosti opakovatelnd. Nelze totiz vyloucit, Ze nezbytna rekonstrukce
dlazby a nosné konstrukce nadvoii v 90. letech 20. stol. definitivné zménila mikroklimatické
podminky aredlu, které byly pro uchovani pylu a rostlinnych makrozbytkit mimotadné
ptiznivé.

Pylova spektra ze sidliStnich vrstev byla vedle pfirozené¢ho spadu formovana cetnymi
lidskymi vlivy. Mizeme se ptat jakymi, jelikoz zachovana pylova spektra na né do velké miry
odkazuji. Prezentované vysledky pylovych analyz jsou proto cenné zejména pro svou
kvalitativni informaci. Ta odpovida na otazku, jaké rostlinné taxony byly soucasti rané
sttedovéké kulturni krajiny. Jejich pocet a ekologickd Sife biotopii, k nimz identifikované

taxony nalezi, souvisi s krajinnou diverzitou.
2. Metody
Odbéry archeobotanickych vzorkl pied zasypanim baze souvrstvi provedl Milo§ Kaplan za

pfitomnosti Ivany Bohacové a Jana Zaviela, ktery popsal a analyzoval ziskany profil z

geologického hlediska (Zaviel 1998). Soucasny palynologicky vyzkum navazuje na
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laboratorni zpracovani z r. 1998 a na makrozbytkové analyzy vzorkl, které provedla V.
Culikova (1998a; 1998b).

Vzorky pro archeobotanické analyzy byly odebrany jednak ze stén terénnich bloka pfi
jejich dokumentaci a vzorkovani, jednak vrtdkem (primér 6 cm) rucné zardZzenym do jinak
nepfistupné nize polozené stratigrafie. Vrty byly rozlozeny na ploSse ca 1 m2 (obr. 3) a
vyskové rozpéti odebraného sedimentu dosahlo 242 cm (GS 5; obr. 4). Kazdy ze vzorkl o
objemu 10-30 cl byl rozdé€len na dvé shodné poloviny uréené pro soubéh makrozbytkové a
pylové analyzy. K pylové analyze vrty ziskanych sedmineti byl vyuzit pouze vrt GS 5,
jelikoz poskytl souvisly sloupec zeminy o vySce dosahujici témét 250 cm. Pro ziejmou
vyjime€nost a rozmanitost ziskané¢ho palynologického materidlu, kterou vykazovaly prvé
zpracované vzorky, odlozil M. Kaplan vyhodnoceni souboru z jizni hrad¢anské rokle na dobu
pozdé;jsi.

Kompletni soubor vzorkd pro pylovou analyzu odebiranych béhem vyzkumu v roce
1998 se nedochoval. Podle zpravy M. Kaplana obsahoval dostatecné mnozstvi pylovych zrn 1
sediment v mocnosti asi 60 cm pod trovni 251 m n. m. (Kaplan 1998b), vzorky z téchto poloh
(vz. €. 1-13 z rozpéti 3,5-64 cm vrtu GS 5/2) jsou ale nezvéstné. Prezentované vysledky
pylovych analyz proto pochazeji pouze z horni ¢asti vzorkovaného vrtu GS 5/1
(obr. 4), archeologicky datované pfiblizné do 1. pol. 10. stoleti. Protoze makrozbytkové
analyze byl podroben cely vrt GS 5, miZeme se ve zbylé ¢asti souvrstvi opfit o jeji vysledky
(Culikova 1998a; 1998b).

Laboratorni ptiprava vzorkd pro pylovou analyzu byla provedena jiz v roce 1998, jeji
postup vSak neni v protokolech uveden (Kaplan 1998b). Pylova zrna ze vSech vzorkl nesla
pouze malé stopy koroze, a lze tedy predpoklédat, Ze se zachovala kompletni pylova spektra.
Koncentrace pylovych zrn byla obecné vyjimecné vysoka. Z vysledkli pylové analyzy navic
nejsou patrné zmény vegetace v Case. Lze tudiz predpokladat, Ze soubor vzorki nepochazi z
dlouhodobéji vznikajiciho profilu (viz kap. 4). Proto nebyl sestrojen pylovy diagram a data
jsou prezentovéana formou tabulky (tab. 2) a histogramt (obr. 7, 8).

Vystupem pylové analyzy je zatazeni rostlinnych druht do tzv. pylovych typi, které
vétsinou zahrnuji vice rostlinnych druht, nebo i rodi (pylové typy byly upraveny a
definovany podle Moore et al. 1991; Reille 1992; Beug 2004; Punt 1980; nomenklatura
rostlinnych taxonli dle Kubat ed. 2002). Proto je kazdy pylovy typ blize taxonomicky
vymezen (tab. 2). V tab. 2 je kazdy pylovy nalez konfrontovan s vysledky analyzy rostlinnych
makrozbytkti zrané stfedovékych archeobotanicky studovanych lokalit Prazského hradu,
které poskytly reprezentativni mnozstvi nalezli (lokality Viceucelovy sal, Slévarensky dvir v
severnim traktu Prazského hradu a III. nadvoii — podle Culikova 1998a; 2001).
Archeobotanicky vyzkum v celém arealu Prazského hradu totiz pro dané obdobi piinesl
podobné vysledky, tj. podobné spektrum rostlinnych taxont (srov. tab 2. s Culikova 1998a;
2001). Pro konfrontaci s pylovymi spektry ze sedimentl jizni rokle byl vybran $ir§i okruh

lokalit zpracovanych makrozbytkovou analyzou v prostoru Prazského hradu, protoze paralelni
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Obr. 1. HradGansky ostroh s aredlem Prazského hradu. Sipkou oznadena poloha odbéru
archeobotanickych vzorkll v misté tzv. jizni rokle.

Fig. 1. Prague Castle. The arrow indicates the location of archaeobotanical samples in the so-called
southern ravine.

Obr. 2. Praha — Hrad 1998, snimek archeologické situace ve stfedni casti I1I. nadvoii (podle Bohacova
ed.1998, obr. priloha). 1 — situace sondy 20 (vyznacena plocha zobrazena na obr. 3), 2 — umisténi
star$i dievéné stavby, 3 — piidorys mladsi dfevéné konstrukce ohrani¢ené plotem, 4 — romansky kostel,
5 — roméanska chodba.

Fig. 2. Prague Castle, 1998; archaeological site in the central part of the Third courtyard. 1 — location
of probe 20 (the marked area is depicted in fig. 3), 2 — location of older wooden structure, 3 — ground
plan of more recent wooden fenced-in structure, 4 — Romanesque church, 5 — Romanesque passage.
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Obr. 3. Praha — Hrad 1998, IIl. nadvofi. Sonda 20. Pudorysna situace s umisténim vrtd a
dokumentovanych fezil. Slouc¢eny ez XLIII (obr. 5) tvofen dil¢imi fezy 1, 2A a 3-7. A — obvodova
zed’ romanského kostela, B — prostor romanské chodby, C — prostor s dfevénymi stavbami mladsiho
horizontu in situ. 1 — kamen, 2 — cihly, 3 — beton, 4 — vrty GS 1-5.

Fig. 3. Prague Castle, Third courtyard, 1998. Probe 20. Ground plan showing location of bores and
documented cross-sections. Cross-section XLIII (fig. 5) created by a merger of cross-sections 1, 2A
and 3-7. A — peripheral wall of Romanesque church, B — site of Romanesque passage, C — site
containing wooden structures from the younger horizon in situ. 1 — stone, 2 — brick, 3 — concrete, 4 —
bores GS 1-5.

vysledky makrozbytkové analyzy z uloZenin jizni rokle pochazeji z pfili§ malého objemu
sedimentu (Culikova 1998b).

Pti interpretaci pylovych spekter hraje zasadni roli pylova produkce a Sifeni pylu v
prostoru, faktory specifické pro jednotlivé pylové taxony. Autorka pylovych analyz Cerpala
informace o vztahu vegetace a pylovych spekter zejména z praci Ralska-Jasiewiczowa ed.
2004 a Sugita et al. 1999.

3. Archeologicky kontext analyzovanych vzorki

Terénni deprese, z jejichZz sedimentil byly vzorky ziskany, je nejvyrazn&jsim morfologickym
utvarem jizniho svahu hrad€anského ostrohu. Jeji rozsah a detailni utvafeni nejsou zatim
dostateCné poznany. Je ale ziejmé, ze vyznamné omezovala sidelni prostor ustfedni Casti

hradniho aredlu, vjehoz ramci méla své misto panovnikova rezidence a hlavni cirkevni
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instituce. Usti tohoto tvaru zasahuje az ke katedrale sv. Vita, kde se nachazi jeden ze
znamych pramentl, z n¢hoz stékala voda rokli smérem do malostranské kotliny. Prochazela
tudy cesta, kterd byla nejblizsi spojnici s prazskym podhradim. DoloZena je pro romansky
hrad, nelze ale vyloucit, Ze se tudy vstupovalo do prostoru hradisté jiz v pocatcich Prazského
hradu (bliZe k diskusi kolem pfistupové cesty jizni hradni branou Frolik — Smetanka 1997, 86;
Bohéacova 1998a; 1998b; 2001, 263-264).

Vznik vzorkovanych kontextli spadd do intervalu vymezeného pocatky rané
sttedovékého osidleni hradcanského ostrohu v pribéhu stitedohradiStniho obdobi a nastupem
mladohradiStniho obdobi, tedy pfiblizn¢ do posledni tietiny 9. az druhé tietiny 10. stoleti.
Absolutni data jsou odvozena z detailniho studia stratigrafie nejstarSich vyvojovych fazi
Prazského hradu a jejiho keramického inventare (Bohacova 2001, 264-277; 2008, 104, 115).
Pylova zrna jsou dnes — na rozdil od makrozbytkii — k dispozici pouze ze svrchni casti
zkoumané sekvence (obr. 4, 5), tj. ze starsi faze 10. stoleti. Na mirn¢ klesajicich okrajich
svahl rokle v severnim sousedstvi mista odbéru byly dokumentovany relikty dfevénych
staveb v n€kolika superpozicich (obr. 2). K zakladni charakteristice tohoto prostoru z pera K.
Gutha (1934, 692-693) zatim ptibyly jen necetné polozky (Herichova 1996; Bohacova 1998c,
681; 1999; 2001, 241-247).

Dvé kompletnéji dochované dievéné stavby jsou dosud soucasti archeologického
aredlu (obr.2: 2, 3). Ze starsi z nich, kterd spociva na vrstvach beze stop antropogenni ¢innosti
(Zaviel 1998, IV/3; GS 9, 10), byla ziskana série dendrodat, umoznujici klast jeji vznik k
ptelomu 1. a 2. tietiny 10. stol. (Dvorskd — Bohacova 1999).Tato stavba neni se zkoumanou
situaci v bezprostiednim stratigrafickém vztahu. Mladsi objekt, ktery piedstavuje unikatné
dochovand dfevénd podlaha omezena torzem plotu vyplétaného proutim rozmanitych dievin
(jilm, dub, vrba, zéastupce slivonovitych: Kaplan 1998, I11/6; obr. 2: 3), je soucasti
horizontaln¢ uloZzeného souvrstvi s vicendsobnou superpozici dfevénych konstrukci a naléza
se v nadlozi vzorkované Casti stratigrafie. V ramci chronologického useku sledovaného
odebranymi archeobotanickymi vzorky, ktery byl zavrSen uloZzenim nejmladSich kulturnich
vrstev v zavéru stfedohradiStniho obdobi, byla o néco nize na svahu vybudovéna prva
dfevohlinita hradba (Bohacova 2001, 191-206, 253). Po vystavbé romanské hradby (po r.
1135) a rozsiteni sidelniho aredlu jiznim smérem dosSlo ke zfetelné proméné funkce husté
osidlené casti zazemnéné deprese. Do rané sttedoveékého souvrstvi byl nejprve zalozen vyse
zminény kostel (obr. 2: 4), o néco pozdéji nasledovalo vybudovani kamenné chodby vedouci
k bazilice sv. Vita (obr. 2: 5).
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Obr. 4. Praha — Hrad 1998, III. nadvori. -40cm

Schéma jadra vrtu GS 5. Upraveno podle S"l“‘"s“’i Zplr‘,"c""a”é GS 5/1
Zaviela (1998). 1 — antropogenni uloZeniny, 2 pyioves anatyzet
— sedimenty ve vodnim prostiedi, 3 -— — -o-2st00maml

svahoviny, 4 — sedimenty ve stojaté
vodg, 5 — zvétraliny.

Fig. 4. Prague Castle, Third courtyard, 1998. spodni trovefi sedimentd
A . bohatych na pylova zrna
Diagram of the core of bore GS 5. After Zaviel a rostlinné makrozbytky -50cm
(1998). 1 — anthropogenic deposits, 2 - -
sediments in standing water, 3 — slope
sediments, 4 — sediments in standing water, 5 — -o0cm  GS 572

weathered products.

-150 cm

posledni nalezy makro-
zbytkl

—

-200 cm

I e s e s

II1. nadvori Prazského hradu — sonda 20/1998 (PH 15 — S 20), fez XLIII

Mocnost kulturnich vrstev dokumentovanych v sondé¢ 20 (situace sondy v ramci arealu
viz obr. 2, 3) dosahuje pro obdobi pied vystavbou romanskych staveb ca 150-200 cm.
Stratigrafii kontextli zndzorniuje fez kulturnim souvrstvim (obr. 5; situace fezu XLIII obr. 3).
Ve zkoumaném vyseku stratigrafie se jednalo o prachovité¢ jemné jilovité sedimenty s
proménlivou ptimési uhlikd a kament. Charakter souvrstvi, tvofeného vodorovné uloZzenymi
kontexty Casto provazenymi vyskytem dievénych prvkl souvisejicich se zastavbou prostoru,
odpovida pozvolnému a dlouhodobéjsimu procesu akumulace sidliStnich terénti, ktery nebyl
nijak vyznamné narusen mladSimi zasahy.
Sekvence s analyzovanymi vzorky nalezi starsi ¢asti sidliStniho souvrstvi, uloZzené v rozpéti
ca 251,00-251,80mn.m. Nejstar§i vrstvy této sekvence (20101, 20102), z jejichz trovné
pochazi nékolik keramickych zlomki s vyzdobnymi prvky stfedohradiStniho obdobi, lezi
bezprostfedné pod jednim z kiizeni horizontaln¢ uloZzenych diev. Vrstvy
20103 (délend na makroskopicky shodné ¢asti A a B, oddélené vrstvou kament), 20104 a
20105 spadaji stale do totozné sidlistni situace a lezi desitky cm hluboko pod Grovni zminéné
dfevéné podlahy, kterd se nachazi o n¢kolik metrt severnéji (na koté 252,60). Z vrstvy 20105
jiz pochézeji zlomky keramiky s kalichovitou profilaci okraje, kterou provazeji fragmenty

nadob stiedohradistni tradice.
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I11. nadvoii Prazského hradu — sonda 20/1998 (PH15 — S 20), vrt GS 5

Odbér vzorkti z vrth mél v prostoru sondy 20 postihnout navazujici Cast starsi
stratigrafie (pod trovni 251 m n. m.). Misto fezu XLIII vSak nebylo z technickych divodi
tomuto zpiisobu odbéru piistupné a vrty musely byt umistény o nékolik desitek cm zdpadnéji
(obr. 3), kde povrch terénu dosahoval 251,42 m n. m. Navrtana tak byla
1 ¢ast sekvence situované vyskové obdobné jako analyzované vrstvy fezu XLIII. Sediment v
horni ¢asti vrtu GS 5/1, slozeny z makroskopicky rozliSitelnych ¢tyi vrstev, byl popsan jako
antropogenni, tvofeny tmavym prachovitym jilem se znacnym podilem organické hmoty
véetné¢ dfeva, prostoupeny proménlivé kameny a uhliky (Zaviel 1998). Spodni, b&zné
archeologické dokumentaci nepiistupnd ¢ast stratigrafie (GS 5/2), je tvoiena souvrstvim,
jehoz ulozZeniny jsou z geologického hlediska popsany zcasti jako sedimenty, zEasti jako
splachy a svahoviny. V jeho horni ¢asti byl zaznamenan vyznamny podil organické hmoty.
Nasleduji splachy a svahoviny. Spodni
poloha nad ptechodem do eluvia, ktery je evidovan ca v 249,50 m n. m., je interpretovana

jako duasledek sedimentace ve vodni nadrzi (obr. 4; Zaviel 1998).

Oznaceni vzorku lokalita rez, GS kontext, kota analyza /pyl
P3 PH15-S20 fez XLIII — 2a 20102 /spodni/ ++
P5 PHI5-S20 fez XLIII — 2a 20103A +/+
P6 PH15-S20 fez XLIII — 2a 20103B +/+
P4 PHI5-S20 fez XLIII — 2a 20102 /horni/ +/-
P7 PH15-S20 fez XLIII - 2a 20104 +/-
P8 PH15-S20 fez XLIII - 2a 20105 +/-
P10-39 PHI5-S20 vrt GS 5/1 251,06 +/+
P10-41 PH15-S20 vrt GS 5/1 251,15 ++
P10-42 PHI5-S 20 vrt GS 5/1 251,195 +/+
P10-43 PH15-S20 vrt GS 5/1 251,24 ++
P10—44 PHI5-S20 vrt GS 5/1 251,305 -
P1045 PHI5-S20 vrt GS 5/1 251,405 —
P10-38 PH15-S20 vrt GS 5/2 249,02 +/-

Tab. 1. Ptehled vzorkti dochovanych pro pylovou analyzu provedenou v roce 2006.
Tab. 1. Overview of samples surviving for pollen analysis performed in 2006.
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Chapter 2

4. Pylové spektrum

Vypovéd pylovych spekter o vegetacnich pomérech v prostoru Hradu a jeho zdzemi se jevi
jako synchronni, coz odpovid4d archeologickému hodnoceni vrstev ulozenych v kratkém
casovém intervalu. Nejen druhova skladba pylovych spekter, ale i vyjimecna koncentrace
pylovych zrn ve vzorcich odkazuje na vyrazny podil ¢lovéka pti ukladani sedimentd. Soudé
podle zminéné koncentrace pylu, byl v analyzovanych ulozeninach velky pocet rostlinnych
taxonil. Je pritom jisté, Ze se jedna o smés spoleCenstev rozdilnych stanovistnich naroku a ze
pyl nékterych z nich musel byt v mist¢ odbéru deponovan uméle. Vliv ¢lovéka poznamenal
tafonomické procesy u vSech analyzovanych vzorkt s vyjimkou vzorku PS5.

VétSina dievin méa oproti bylindm nepomérné vétsi pylovou produkci i schopnost
transportu pylu v prostoru. V souladu s touto skutecnosti miizeme podil lesni vegetace na
celkové sumé pylovych zrn ve vzorcich z III. hradniho nadvofii oznacit za relativn¢ maly (obr.
6). Vysoky podil ma v pylovych spektrech (obr. 7) zejména borovice lesni (Pinus sylvestris),
lipa (7ilia) a jedle bélokora (Abies alba). Konkurencéné slabd borovice se mohla v krajiné
spektrech proto doklada silici antropogenni tlak na lesni porosty. Jedle mohla zmlazovat na
mens$ich mytinach nebo v pastevnich lesich, v kazdém piipad¢ spiSe extenzivné vyuzivanych
(Malek 1980; Pokorny 2003; Sadlo — Pokorny 2003; Volafik 2006). U hmyzosprasné lipy
maji pylova zrna zjevné jiny zdroj nez vzdalené lesni enklavy. V prostoru dnesniho III.
hradniho nadvoii mohlo jit o lokalni spad ze solitérniho stromu nebo o doklad sbéru lipovych
kvéti. Diky dobré vyzivové hodnoté byly lipové vétve ve stiedoveku vyhledavany jako
dopln¢k pice pro dobytek (Greig 1982). Dub (Quercus) je ve vzorcich z Prazského hradu
relativné malo zastoupen, uvazime-li jeho silny ekologicky potencial v krajin¢ Prazské
kotliny. Jest¢ mnohem vzacnéj$i byl ve zbytkovych lesnich porostech habr (Carpinus
betulus), rovnéz lokalni klimaxova drevina (Moravec — Neuhdusl 1991, 35; Sadlo 2001, 45).
Ojedinélost pylu smrku (Picea abies) a buku (Fagus sylvatica) v sedimentech z jiZni
hrad¢anské rokle vypovidaji o okrajové roli téchto dfevin v okolnich lesnich porostech (obr.
7). Ta byla na rozdil od dubu a habru dana pfedevsim ekologicky, protoze buk ani smrk
nemaji v nizinnych polohach, jakou je Prazskéd kotlina, optimum svého ristu. Vyhledavaji
proto lokalné chladngj$i stanovisté, jakymi jsou k severu obracené svahy, a zejména pak
spodni partie hlubokych tzkych udoli (tzv. efekt inverzniho mikroklimatu: Neuhduslova a
kol. 1998, 42-47). Nejblizsi takovou lokalitou bylo seviené udoli potoka Brusnice. Druhovou
skladbu lesti dopliiovaly javory (Acer), jejichz skutecné zastoupeni ve vegetaci je kvili velmi
malé pylové produkei 1 Sifitelnosti pylu v prostoru téZké odhadovat. Vzacné byly btizy
(Betula), jasany (Fraxinus excelsior) a jilmy (Ulmus).

Dreviny luznich lesii — predev§im vrba (Salix) a olSe (Alnus) — jsou v pylovych
spektrech zastoupeny okrajové (obr. 7). Otazkou je, jestli mohly rist i v misté¢ vlhké strze v

ramci dnesSniho III. hradniho nadvoti. Vzhledem k zna¢né pylové produkci olSe (A/nus)
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Obr. 6. Procentualni podily jednotlivych biotopd v ramci pylovych spekter. Zatazeni pylovych typt
do jednotlivych biotopt nize.

Fig. 6. Percentage share of individual communities within the pollen spectrums. Categorisation of
pollen types into individual communities:

Lesy/Forests — Abies alba, Acer, Alnus, Betula, Carpinus betulus, monoletni spora, Fagus sylvatica,
Fraxinus, Picea abies, Pinus sylvestris, Quercus, Salix, Tilia, Ulmus, Hedera helix. Kfoviny, lesni
lemy/Shrubs — Aconitum, Cornus sanguinea, Corylus avellana, Euonymus europaeus, Frangula
alnus, Listera ovata, Prunus typ, Rosa, Rubus, Sambucus nigra/S. racemosa, Sorbus typ, Viburnum
opulus. Louky, pastviny/Meadows, pastures — Campanula, Carum carvi, Cerastium, Cuscuta,
Daucus carota, Gentianella, Knautia, Medicago sativa typ, Odontites typ, Plantago lanceolata,
Plantago media, Potentilla/Fragaria, Rumex acetosa typ, Silene, Trifolium pratense typ, Trifolium
repens typ. Travy/Grasses — Gramineae. Vlhké biotopy/Wet biotopes — Caltha, Chaerophylum
hirsutum, Cyperaceae, Filipendula ulmaria/F. vulgaris, Heracleum sphondylium, Humulus lupulus,
Impatiens noli-tangere, Mentha typ, Oenanthe fistulosa, Ranunculus acris typ, Ranunculus sceleratus
typ, Solanum dulcamara, Succisa pratensis, Thalictrum, Valeriana officinalis. Xerotermni
travniky/Dry Grasslands — Agrimonia eupatoria, Anthericum, Calluna vulgaris, Centaurea scabiosa,
Centaurea jacea/C. stoebe, Echium vulgare, Eryngium campestre, Falcaria typ, Helianthemum,
Hypericum, Genista typ, Linaria, Lotus corniculatus, Melampyrum, Pulsatilla, Reseda, Sanquisorba
minor, Scabiosa columbaria typ, Sedum. Plevele, ruderaly/Weeds, ruderals — Adonis aestivalis/A.
flammea, Anchusa/Pulmonaria, Apiaceae, Artemisia, Aster typ, Asteraceae-Fenestratae, Astragalus
typ, Brassicaceae, Bupleurum falcatum typ, Carduus, Centaurea cyanus, Cerinthe minor, Chelidonium
majus, Chenopodiaceae, Cirsium, Consolida regalis, Convolvulus arvensis, Epilobium angustifolium,
Fallopia convolvulus/F.dumetorum,Galeopsis-Ballota typ, Geum, Matricaria typ, Nigella arvensis,
Papaver rhoeas typ, Persicaria maculosa typ, Plantago major, Polygonum aviculare, Rhinanthus typ,
Rubiaceae, Rumex aquaticus typ, Scrophulariaceae, Solanum nigrum, Spergula arvensis, Urtica,
Valerianella, Veronica typ, Vicia typ, Xanthium strumarium. Péstované plodiny/Crops — Cannabis
sativa, Cerealia, Secale cereale.

muzeme jeji lokalni pfitomnost vyloucit. Pyl vrby je naopak ve vSech vzorcich zastoupen
relativné pocetné, ve vzorku €. 39 byla navic nalezena celd ¢ast prasniku, kterd odkazuje na
mozny nedaleky vyskyt zdrojové rostliny. Nemuselo se pfitom jednat o druh vdzany na luzni
lesy, nebot’ do pylového typu Salix patii i ruderalni vrba jiva (Salix caprea) se stanoviStnimi

naroky blizkymi napt. cernému bezu (Sambucus nigra).
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Chapter 2

Vegetace kiovin je ve vzorcich z Prazského hradu reprezentovana velmi malym
poctem pylovych zrn (obr. 7). S vyjimkou lisky musime v ramci celé této skupiny uvazovat s
omezenou pylovou produkci i moznostmi transportu pylu do analyzovaného sedimentu.
Presto byla identifikovana fada druhli kfovinnych spolecenstev. Svida krvava (Cornus
sanquinea), brslen evropsky (Euonymus eoropaea), liska obecna (Corylus avellana),
ostruzinik (Rubus), hloh (Sorbus typ), rize (Rosa) a jiné druhy celedi Rosaceae — napt. bézna
trnka obecnd (soucasti pylového typu Prunus) — mohly tvofit lemy fragmentovanych lesnich
enklav, ale velmi pravdépodobné jiz byly emancipovanym krajinnym prvkem uplatitujicim se
jako vegetace mezi, okrajii cest, zarustajici pastviny apod. Bez ¢erny (Sambucus nigra) mohl
rist v prostoru jizni rokle stejné jako na jinych okrajovych mistech v rdmci hradu. Okraje
vodnich tokd vyhledavala kruSina olSova (Frangula alnus) a kalina obecna (Viburnum
opulus). Také pyl chmele (Humulus lupulus) pattil sam¢im (chmel je dvoudoma rostlina)
lidnam, které rostly ve vlhkych pobfeznich kfovinach. Stejn¢ jako plané kete, mohly byt
zdrojem pylovych zrn typu Prunus i lokalné péstované ovocné stromy (tab. 2). Rozsah sadl
se vSak z pylové stopy neda odhadovat.

Ojedin€élymi nalezy pylovych zrn mame v sedimentech z Prazského hradu dolozeny i
nékteré druhy bylinného podrostu lest. Zastinéné biehy potokt a ek nebo lesni pramenisté
byly stanovistém netykavky nedutklivé (Impatiens noli-tangere). Ve vlhkych partiich lest a
ktovin rostl bradacek vejcity (Listera ovata). VétSina druht rodu Cerny§ (Melampyrum) roste
v lemovych spoleCenstvech doubrav a dubohabiin nebo v jejich podrostu (odtud svaz
Melampyro-Carpinetum jako spoleCenstvo potencidlné mapované na znacné casti uzemi
Prahy; Moravec — Neuhdusl 1991, obr. ¢ast). Pylovy typ Melampyrum vsak zahrnuje i cernys
rolni (Melampyrum arvense) rostouci na thorech, polich a v xerotermnich travnicich.

Bylinna vegetace zachycenda v pylovych spektrech z Prazského hradu je druhové
nesmirn¢ bohata. Pfevazuji ruderaly, obiloviny a jejich plevele. Dalsimi ekologicky odlisnymi
skupinami jsou spoleCenstva xerotermnich travniki, vegetace vlhkych a mezofilnich luk (obr.
7).

Samotné misto, kde se ukladaly analyzované sedimenty, tedy prostiedi vlhké mélké
rokle, bylo soucasti tehdy osidlené plochy, a jeho vegetace tudiz musela odrazet bezprostredni
pritomnost ¢lovéka. Dominantu lokalni vegetace proto z identifikovanych pylovych typt
mohly tvofit zejména druhy vlhkych Zivinami bohatych a naruSovanych stanovist’ jako napf.
koptiva (Urtica), merlikovité (Chenopodiaceae), kuklik (Geum urbanum/G. rivale), jitrocele
(Plantago lanceolata, Plantago media, Plantago major), kontryhel (Alchemilla), $toviky
(Rumex acetosa typ, Rumex aquaticus typ), opletka (Fallopia convolvulus/F. dumetorum),
svizel (Rubiaceae), ruderalni pryskyiniky (napt. Ranunculus sceleratus) a pravdépodobné i
tuzebnik jilmovy (Filipendula ulmaria, pylovy typ Filipendula ulmaria/F. vulgaris). K
lokélni vegetaci dale mizeme pocitat i mnohé druhy celedi hvézdnicovité (Asteraceae-
Fenestratae a Matricaria typ), brukvovité (Brassicaceae), mifikovité (Apiaceae) a

hluchavkovité (Galeopsis-Ballota typ a Veronica typ) nebo vikev (Vicia typ), jejichz
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Obr. 7. Histogram s procentualnim zastoupenim vybranych pylovych typt. Jeden dil na stupnici
odpovida 10 %. Kfizkem je oznaceno procentualni zastoupeni do 0,5 %.

Fig. 7. Histogram showing the percentage presence of selected pollen types. One segment on the scale
corresponds to 10 %. A cross indicates a percentage presence of less than 0.5 %.

zastoupeni v pylovych spektrech obecné stoupa s antropogennim vlivem (Greig 1982;
Jankovska 1998). Mistni poméry odrazi také nalezy vajecCnych oballl parazitii, tenkohlavce
bicikového (Trichuris trichiura) a Skrkavky (A4scaris). Jejich ptitomnost svéd¢i o fekalnim
zne€i$téni sedimentll. Soudé podle Cetnosti ndlezl a druhového sloZeni predpokladané lokalni
vegetace vSak nebylo pfilis silné.

Suché degradované travniky, Ghory a pusta mista v okoli rokle byla biotopem pro pelyiky
(Artemisia), bodléky (Carduus), svlacec (Convolvulus arvensis), mrkev obecnou (Daucus
carota), pilat (Anchusa/Pulmonaria), srpek (Falcaria vulgaris typ), ryt (Reseda), kozlicek
(Valerianella), tepen durkoman (Xanthium strumarium) nebo teplomilnou voskovku mensi
(Cerinthe minor) a Cernuchu rolni (Nigella arvensis). Na trvale seSlapavanych plochach se
mohl vyskytovat pouze truskavec ptaci (Polygonum aviculare). Ve vzorcich byl také relativné
pocetny pyl biectanu (Hedera helix), ktery ziejmé porustal zdi hradnich staveb.

Z péstovanych plodin pfevazuji v pylovych spektrech z Prazského hradu obiloviny. Ve
vSech vrstvach s vyjimkou vzorku P5 tvofi az 20 % celkové sumy pylovych zrn (obr. 8). Pyl
zita (Secale cereale) byl v ramci obilovin v analyzovaném materialu relativné vzacny. Ve
veétsim mnozstvi byl identifikovan pouze ve vzorku P6. D4 se tedy usuzovat, ze mezi

ostatnimi druhy obilovin tvofilo zito spise doplitkovy podil. Spolu s pylem obilovin se do
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Obr. 8. Histogram s procentualnim zastoupenim vybranych pylovych typt. Jeden dil na stupnici
odpovida 10 %. Kfizkem je oznaceno procentualni zastoupeni do 0,5 %.

Fig. 8. Histogram showing the percentage presence of selected pollen types. One segment on the scale
corresponds to 10 %. A cross indicates a percentage presence of less than 0.5 %.

studovanych sedimentii dostala i pylovd zrna segetalnich plevell, napt. hlavacek (Adonis
aestivalis/A. flammea), chrpa modrdk (Centaurea cyanus), ostrozka stracka (Consolida
regalis), mak (Papaver rhoeas typ).

Pylova spektra ze sedimentl jizni hradCanské rokle obsahuji mnoho druht
xerotermnich travinnych spolecenstev suchych vyslunnych stanovist (obr. 6). Jsou jimi
pylové typy devaternik (Helianthemum), ttezalka (Hypericum), Stirovnik (Lotus), krvavec
mensi (Sanquisorba minor), hlava¢ (Scabiosa columbaria typ), chrpa luéni (Centaurea
Jjacea/C. stoebe), chrpa cekanek (Centaurea scabiosa), tepik 1€katsky (Agrimonia eupatoria),
hadinec obecny (Echium vulgare), silenka (Silene), rozchodnik (Sedum), vzacna bélozaika
(Anthericum) a koniklec (Pulsatilla). Jejich stanovistém byl velmi pravdépodobné odlesnény
jizni hradCansky svah, na némz se mohl past dobytek. Mezi indikéatory pastvin patii napft.
kmin kotenny (Carum carvi), méacka ladni (Eryngium campestre), vies obecny (Calluna
vulgaris), jetel plazivy (Trifolium repens), ale také jitrocele (Plantago lanceolata, P. major,
P. media) a bodlaky (Carduus). Neékteré z jmenovanych bylin mohly byt vyuzivany jako
1é¢ivky — tepik 1ékatsky (Agrimonia eupatoria) a tiezalka (Hypericum). U jinych je bézny
vyskyt 1 na ruderalizovanych stanovistich — hadinec obecny (Echium vulgare) nebo chrpa
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lucni (Centaurea jacea/C. stoebe), mohly tedy rust 1 v nejbliz§im okoli rokle. Mezofilni louky
reprezentuje v pylovém spektru méné taxond, napt. zvonek (Campanula/Phyteuma),
chrastavec (Knautia), mochna/jahodnik (Potentilla/Fragaria), CernyS (Rhinanthus typ), jetel
luéni (Trifolium pratense typ).

Pylovy projev vegetace mokiadu, vlhkych luk a biehii fek nebo potokli je maly. Neni
pravdépodobné, ze by se v ramci zasidlené plochy dneSniho III. nadvoii Prazského hradu
zachovaly porosty se Zzlutuchou zlutou (pylovy typ Thalictrum, druh potvrzen
makrozbytkovou analyzou: Culikova 1998b, IV/4: vrt GS 5, vzorek 2), lilkem potmé&chuti
(Solanum  dulcamara), certkusem luénim (Succisa), kozlikem Iékatskym (Valeriana
officinalis), krabilici chlupatou (Chaerophylum hirsutum), jejichz pylova zrna byla ve
vzorcich identifikovana. Tyto ndlezy mohou souviset s drzenim koni nebo s dobytkem
pasenym v $irSim okoli hradu a ustdjenym v prostoru dneSniho III. nddvoii. Za soucast lokalni
vegetace vlhké rokle miizeme povazovat jiné identifikované druhy vlhkych stanovist, napf.
tuzebnik (Filipendula cf. ulmaria) a nékteré pryskyiniky (Ranunculus acris typ a Ranunculus
sceleratus typ).

Ze souboru vzorkll vyrazné¢ vybocuje vzorek P5. Je vyjimecny vysokou koncentraci
pylu bylin jako chrpa luéni (Centaurea cyanus typ), chrpa ¢ekanek (Centaurea scabiosa),
pcha¢ (Cirsium), tuzebnik (Filipendula ulmaria/F. vulgaris), devaternik (Helianthemum),
mochna (Potentilla typ), ryt (Reseda), kokrhel (Rhinanthus typ), kozlicek (Valerianella),
¢ernucha rolni (Nigella arvensis), vies obecny (Calluna vulgaris) aj. Vedle vySe jmenovanych
taxonu se ve vyssi koncentraci objevil 1 pyl lipy (7ilia), vrby (Salix) a dievin z Celedi rizovité
(Prunus typ). Napadnou spojitosti mezi vSemi témito druhy je opylovani hmyzem. Soucasné
je potlacen pylovy projev lokdlnich ruderdlti s kvéty pro hmyz neatraktivnimi, jako jsou
pelynky (Artemisia) a merlikovité (Chenopodiaceae). Maly je i podil pylu trav (Gramineae) a
vétrosprasnych stromti (vyrazné napt. borovice/Pinus). Pouze spekulovat by bylo mozno o
tafonomickych procesech, které utvéarely takové pylové spektrum, v souvislosti s dominanci
hmyzem sbiraného pylu vSak muze jit o néjakou spojitost s medem (srov. Pokorny — Maiik
2006).

5. Diskuse a zavéry
5.1. Zdroje pylovych zrn

Pylova spektra ve vSech vzorcich ze sedimentli jizni rokle Prazského hradu jsou vyrazné
antropogenni a maji charakter tzv. tanatocen6z (Litynska-Zajac — Wasylikowa 2005, 37-41).
Podily pylovych zrn jednotlivych taxonti proto neodpovidaji jejich skuteénym podilim v
okolni vegetaci. Ptirozeny pylovy spad lze uvazovat hlavné u dfevin a lokalni vegetace vlhké

strze, ktera byla jako soucast osidlené plochy ruderalni.
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Pyl dievin musel byt do sedimenti z velké vétSiny transportovan vétrem. Zustava
proto ekologicky i tafonomicky dobie oddélenou skupinou, v jejimz ramci mizeme na
zaklade¢ relativnich podilt jednotlivych druhi usuzovat mnohé o stavu lesnich porosti.

Pyl ostatnich ekologickych skupin byl ve své vétSiné v sedimentech jizni rokle
deponovan vlivem lidskych aktivit. Podle velkého podilu pylu obilovin ve vSech vzorcich
byla vyznamnou zdrojovou oblasti pylovych zrn obilna pole. S vyjimkou malo zastoupeného
zita jsou obiloviny charakteristické minimalni pylovou produkci. Pyl skupiny Cerealia se tedy
musel do sedimentii dostat pfimo ze zrni a pluch jako poztistatek po zpracovani sklizné¢ nebo
manipulaci se slamou pouzivanou jako podestylka. S ohledem na zna¢né zapleveleni poli ve
sttedovéku (Karg 1995; Rosch 1998) je na misté¢ dat do této souvislosti i nékteré druhy
zminované jako rumisStni. Mnoho plevelnych druht totiz zGstava skryto v pylovych typech
SirS§tho taxonomického vymezeni — napif. Brasicaceae, Apiaceae, Asteraceae-Fenestratae,
Aster typ aj. (Beug 2004).

Vzorky z Prazského hradu jsou vyjimecné zastoupenim pylu lucnich bylin (obr. 6).
Velkou skupinu pfitom tvoii pyl vegetace xerotermnich luk a pastvin, coz dobfe odpovida
pozici odbérového mista na suchém vyvySeném ostrohu v blizkosti jeho jizniho svahu.
Vyznamnou ulohu pfi takto kvantitativn€ i kvalitativné bohatém pylovém projevu lucnich
taxond, které jisté nebyly dominantni soucésti lokdlni vegetace vlhké rokle, mohlo hrat
skladovéani sena nebo ustdjeni pasené¢ho dobytka. Pylova zrna prochdzeji travicim traktem
neporuSend, mohla byt proto uvolnéna z trusu koni ¢i dobytka pasené¢ho v okoli hradu a
ustajeného v blizkosti mista odbéru sedimenti.

Dtlezitou roli v utvafeni pylovych spekter v prostoru jizni rokle hraly i samotné
sedimentacni procesy v podobé sesuvll a splachi povrchovych vrstev plidy do prostoru

terénni deprese.

5.2. Krajina

Vychodiskem pro interpretaci krajinné slozky pylovych spekter je potencidlni vegetace
v okoli studované lokality. Vzhledem k ¢lenitému relié¢fu prazské kotliny si jeji ptivodni lesni
porost miizeme predstavit jako mozaiku n€kolika ekologicky kontrastnich spolecenstev. Nivu
Vltavy lemoval luzni les s ol$i (4/nus), vrtbami (Salix), jasany (Fraxinus) a jinymi druhy (v
casnéjSim holocénu byly hojnymi luznimi dievinami jilmy: napt. Sadlo a kol. 2005, 151—
152). Hlubsi pady na upati svahli a vrovinatém terénu porustaly dubohabiiny (svaz
Melampyro-Carpinetum; Moravec — Neuhdusl 1991, 81-92). Na ptikrych sutovych svazich
do nich vstupovaly zivinové ndrocné dieviny (Ellenberg 1988, 139-142), zejména javory
(Acer) a lipy (Tilia). V sevienych udolich a na svazich orientovanych k S se uplatiovaly jedle
(Abies), buk (Fagus) a smrk (Picea). Duby tvofily dominantu na ¢etnych skalnatych svazich
obracenych k J, JZ ¢i JV a doubravy porustaly i pisCité ploSiny fi¢nich teras (Moravec —
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Neuhdusl 1991, obrazova cast; Sadlo 2001, 42—46). Vyraznym prvkem teplomilnych doubrav
byla lipa (7ilia) a na extrémn¢ suchych nebo skalnatych mistech rostla borovice (Pinus).

Na pocatku 10. stol. byly v lesich v okoli jadra tvofici se prazské sidelni aglomerace
dosud ptitomny vSechny druhy dfevin, které z fytogeografického hlediska odpovidaji poloze
lokality (Ellenberg 1988). Postupujici degradaci lesnich porostli lze pozorovat na zakladé
dominance borovice (Pinus) a ¢astecné i jedle (Abies). Velmi maly pocet pylovych zrn habru,
jedné ze zakladnich dievin Prazské kotliny (Moravec — Neuhéusl 1991, 35; Sadlo 2001, 45),
mohl zpiisobit fakt, ze tento druh vyhledavajici hlubsi pidy na mirné svazitych terénech mohl
podlehnout kaceni na prvnim misté. Opacnou stranou stejné mince mohlo byt zachovani
dfevin extrémnéjSich stanovist' (viz vyse), jako je v niZinach smrk (Picea abies) nebo buk
(Fagus sylvatica). Také jedle méla diky Cclenitému terénu Prazské kotliny mnoZstvi
piihodnych biotopii. Z hlediska posouzeni antropogenniho tlaku na druhovou skladbu lesnich
porostl je ve vzorcich z Prazského hradu napadny kontrast mezi procentudlnim zastoupenim
pylu jedle a buku. U obou druhti se uvazuje o antropogennim vlivu na jejich rozsifeni v
niz8ich nadmotskych vyskach. Velky rozdil mezi obéma dievinami je spatfovan v reakci na
lesni management (pastva, prosvétlovani porostu selektivni tézbou apod.). Silici intenzita
vyuzivani lest ve stifedovéku znamenala rychly ustup buku, zatimco jedle se dale $itila (o
jedle v minulosti viz Mélek 1980; Pokorny 2003; Sadlo — Pokorny 2003; Volatik 2006). Jedle
je dodnes v nékterych mistech (napf. mezi Stéchovicemi a Slapy) hojnou souéasti svahovych
lesti vitavského kanonu. Ptitom jsou v takovych porostech jasn¢ patrné byvalé vlivy pastvy
(ptitomnost jalovcll) a pafezinového hospodateni.

Procentualni podil pylu hlavnich klimaxovych dfevin Prazské kotliny — dubu a habru
(Moravec — Neuhdusl 1991, 35; Sadlo 2001, 42—46) — je v analyzovanych vzorcich relativné
maly a ukazuje na znacné odlesnéni krajiny. Tato skuteCnost se dotyka otazky zdroji
palivového a zejména stavebniho dieva. Jako vylu¢ny stavebni material pro fortifikaci a pro
vertikdlni prvky sidliStni zastavby bylo pouzivano dubové dievo (Dvorska — Bohacova 1999;
Bohacova ed. 1998), které¢ hojné vystupuje také mezi makrozbytky. Z uvedenych vysledki
pylové analyzy vyplyva, ze predpoklddané zna¢né mnozstvi dfeva nemuselo pochazet z
lokalnich zdroji, nebo alesponi ne vyhradné. Jako lokalni je pfitom minéno nejblizsi okoli
Prazského hradu v souladu s prostorovou vypovédi pylové analyzy (srov. Sugita et al. 1999).

Dilezitym prvkem kulturni krajiny jsou kioviny (Sadlo a kol. 2005, 146). V
sedimentech z Prazského hradu je dolozena pfitomnost fady druhti, navzdory jejich malé
pylové produkci i Sifitelnosti pylu v prostoru. Také vyznamny projev stepnich travniki a
pastvin predstavuje vyspéla spolecenstva, jejichZz druhové rozmanitost je vysledkem del§iho
vyvoje (Sadlo — Matousek v tisku).

Druhova bohatost pylovych spekter ze sedimenti Prazského hradu se tyka i
ruderalnich a plevelnych spolecenstev. V ramci osidleného ostrohu musime obecné pocitat s

absenci vegetace na rozsahlych intenzivné seSlapavanych plochich (Vuorela — Lempidinen
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1997). Ruderalni porosty byly vazany na okrajova pusta mista, kterymi mohly byt nékteré
polohy ve strzi, provazené zde navic piihodnymi vlhkostnimi poméry. Z pylovych typa
plevelnych a ruderélnich rostlin identifikovanych ve vzorcich z Prazského hradu je na misté
jmenovat né€které taxony, jejichZ pyl je v mladSich sedimentech vzacnosti (napf. Jankovska
1987; 1991; Pokorny 2000; Benes a kol. 2002). Patii mezi né pifedevsim voskovka (Cerinthe),
hlavacéek (Adonis aestivalis/A. flammea), pilat/plicnik (Anchusa/Pulmonaria), prorostlik
(Bupleurum), ostrozka stracka (Consolida regalis), cernucha rolni (Nigella arvensis) nebo
kozlicek (Valerianella).

Jak vyplyva z vysledkd pylovych analyz, druhova pestrost je centralnim tématem,
jakousi spojnici napfi¢ vSemi rostlinnymi spoleCenstvy reprezentovanymi v pylovych
spektrech. I ostatni rané stfedoveké pylova spektra z Prahy (nepublikovand data z vyzkumi
Malé Strany) potvrzuji, ze kulturni krajina Prazské kotliny v 1. pol. 10. stol. byla vysledkem
sice dlouhodobého, ale stale spiSe nesystematického lidského ptisobeni. Mnoho druht
znamend mnoho biotopli a mnoho rizné intenzivnich antropogennich vlivii. To je velmi
odli$ny stav od soucasnosti, kdy v krajin€ pfevazuji dva extrémy — mista velmi intenzivniho
vyuzivani (pole, lesni monokultury atd.) vedle mist viceméné ponechanych ptirozené sukcesi.
Rané¢ stiedovekd kulturni krajina byla drobnozrnnou mozaikou biotopti. S nartistajicim fadem
v obhospodafovani pidy a s jeji vétsi intenzitou se jednotlivd zrna mozaiky zvétSovala a
mnoh4 Uplné¢ mizela. Tento vyvoj je patrny z pylovych spekter z mladSich sedimentd
sttedovéké Prahy (Jankovskd 1987; 1991; 1997; 1998; Pokorny 2000; Kozakova — Pokorny
2007), v nichz byva

pylova diverzita niz$i nez v rané sttedovékych vrstvach.
5.3. Srovnani pylové a makrozbytkové analyzy

Rovnéz makrozbytkova analyza interpretovala prostfedi, v némz se ukladaly analyzované
sedimenty, jako silné antropogenni (Culikova 1998a; 1998b). Tento charakter spektra
rostlinnych druhti trva 1 pod kotou 251,00 a v zdsadé se nelisi od spekter z nejmladsich poloh
zkoumanych v tomto kontextu (obr. 4). Na trovni ca 250,40 m n. m. jsou vrstvy bohaté na
rostlinné makrozbytky vystiidany sedimenty s pfevahou minerdlniho materialu. V téchto
spodnich polohach (GS 5/2: 60-184 cm), pro které chybi vysledky pylové analyzy (viz vyse),
byly nalezy rostlinnych makrozbytkli ojediné€lé, jednalo se vSak vyhradné o péstované
plodiny, plevele a ruderaly (Culikova 1998b).

Makrozbytkové analyza jde v determinaci rostlinnych taxont neziidka az na druhovou
uroven, ¢imz konkretizuje nalezy mnoha pylovych typt (tab. 2). Soucasné vyvstavaji rozdily
ve vypoveédi obou metod. Analyza rostlinnych makrozbytka pfinesla pfedevsim informaci o
druhové skladbé péstovanych plodin, plevell a lokalni ruderalni vegetace. Pylova analyza se
naproti tomu ve vétSi mife vztahuje k zazemi studované lokality. Napadnou spojitosti vétSiny

druhil dolozZenych v piipad¢ Prazského hradu pouze pylovou analyzou je ptirodni (mysleno v
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kontrastu s plevely a druhy clovékem siln¢ narusenych stanovist) charakter jejich bézného
biotopu. Z hojnéjsich nalezl se jedna o pylové typy Anthericum, Echium vulgare, Filipendula
ulmaria/F. vulgaris, Helianthemum, Melampyrum nebo Pulsatilla. U rodu Melampyrum
zlstava otazkou, zda se jednalo o néktery z lesnich lemovych a podrostovych druhti, nebo o
stepni 1 plevelny ¢ernys rolni (Melampyrum arvense). S lu¢nimi a ruderalnimi taxony byl
tento pylovy typ korelovan v pfipadé statistické analyzy stfedovékého datového souboru ze
situaci odkrytych ve Valdstejnské ul. na Malé Strané¢ (Kozdkova — Pokorny 2007). Je
nanejvyS pravdépodobné, ze vyznamné zastoupeni pylového typu Melampyrum
v sedimentech z Prazského hradu lze spojovat s vySe popsanymi teplomilnymi travinnymi
spolecenstvy. Piedstava mezofilnich lesnich leml a bylinného podrostu listnatych lest tak,
jak je zname dnes, neni v dobach intenzivniho lesniho managementu ve sttedovéku redlna.
Vzijemné prolindni metod pylové a makrozbytkové analyzy je omezené. Vyse
jmenované a mnoh¢ dalsi luéni druhy rostlin makrozbytkova analyza bézn¢ nezachyti. Pfi¢iny
mohou byt rizné. Makrozbytkova analyza pracuje se semeny, plody a jinymi ¢astmi rostlin,
jejichz velikost je fadové odlisnd od rozméri pylovych zrn. Prokazuji-li moderni studie
lokalnost vypovédi pylové analyzy (napt. Sugita et al. 1999), ve srovnani s analyzou
rostlinnych makrozbytkl se pfece jen transport pylu uplatituje v Sir§im prostoru (objem pylu
je az o 6 fadl mensi nez objem béznych semen). Obé metody dale odliSuje jisty Casovy posun
ve vegetatni sezoné (kvét s pylem — plod se semeny). Semena né&kterych druht

makrozbytkova analyza nezachyti pro jejich rozpadavost nebo nepatrnou velikost.

5.4. Vznik a stari sedimenti v jiZni rokli Prazského hradu

Prezentované vysledky pylové analyzy ve shod¢ s analyzou rostlinnych makrozbytkti ukazuji,
ze vznik sedimentii, odebranych na mirném zéap. svahu nad pfirozenou depresi a soucasné
v blizkosti vnitini stény jizniho opevnéni Prazského hradu, souvisel s antropogenni ¢innosti.
Toto konstatovani neni piekvapivé, nebot’ se tykd polohy, v niz byly jiz v ramci
stiedohradiStniho obdobi opakované budovany dievéné stavby. Pomoci vrti byly studovany i
nize polozené sedimenty, které nebyly bézné archeologické dokumentaci piistupné. Podle
vysledki makrozbytkové analyzy pokracuje i pod kétou 251,00 siln€ antropogenni spektrum
rostlinnych druhti, které se v zasadé nelisi od spekter z nejmladSich poloh zkoumanych v
tomto kontextu. Charakter sedimentd doklada dle vypovédi uzitych analyz vice fazi vyvoje. V
casovém rozpé€ti zachyceném navrtanymi sedimenty je piitomnost ¢lovéka trvala a vegetacni
poméry se neméni.

Horni ¢ast souvrstvi s vysokym obsahem organické hmoty (do trovné ca 251,00 m n.
m.) pravdépodobné vznikala v t€sném propojeni se sidliStnimi a hospodaiskymi aktivitami,
jakymi mohlo byt napi. skladovani sena, ustajeni koni a dobytka, odkladani kuchyiiskych
odpadli, manipulace se sldmou a zrnem ¢i vyuzivani bylin v domécnosti. Mirné fekalni

zneCisténi sedimentli dokladdaji nélezy vajecnych obali stfevnich paraziti tenkohlavce
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bi¢ikového (Trichuris trichiura) a Skrkavky (A4scaris). Byvaji béznou soucasti sttedovékych
sidlistnich vrstev (Greig 1982; Jankovska 1987; 1991; 1997; 1998; Pokorny 2000; Kozakova
— Pokorny 2007). Dosud provedené a dostupné vysledky archeobotanickych analyz (Culikova
1998a; 1998b; 2001; Kozdkova 2006) vcetné¢ zde prezentovanych vysledki prokéazaly
podobnou druhovou skladbu v ramci celého prostoru hradniho ostrohu. Je proto
pravdépodobné, ze se pii ukladani sedimentl vyrazné uplatnoval i splach kulturnich vrstev z
SirSiho okoli do prostoru terénni deprese. Vyse uvedené odlisnosti vzorku P5 se tykaji pouze
pylového spektra (nikoli charakteru sedimentu) a byly podminény dominanci néjakého
konkrétniho tafonomického procesu. Archeologicky kontext svéd¢i o interiéru ¢i
bezprostiednim exteriéru stavby (obr. 5), pylové spektrum nevylucuje néjakou souvislost s
medem (srov. Pokorny — Matik 2006).

Zptusob geneze spodni casti souvrstvi (GS 5/2; obr. 4), ktera vznikala podle
makrozbytkové analyzy rovnéz v ramci jiz vyrazné antropogenizovaného prostredi, i délka
intervalu, v némz se ukladala, zistavaji neznamé. Vysoky podil organické slozky v rozmezi
nivelet 250,40-251,00 m n. m. sv&€d¢i pro nezménény charakter této Casti sekvence oproti
bezprostfednimu nadlozi, z ¢ehoz Ize usuzovat, Ze shodna je i jeji geneze. Toto konstatovani
komplikuje charakteristika dané polohy jako sedimentu, u néhoz nelze vyloucit ukladani do
vodniho prostiedi. Je otdzka, do jaké miry byl charakter vrstev ovlivnén opakovanym
zaplavenim v neddvné minulosti 1 v dobé vyzkumu. Problematicka je i interpretace vzniku
nizsich poloh stratigrafie pod trovni 250,40 m n. m., které jsou oznaceny jako svahoviny,
ptip. pfimo jako sedimenty ve vodni nadrzi (Zaviel 1998). Sedimentace mohla byt zcasti
pfirozena, z¢asti se na vzniku souvrstvi dané mocnosti mohl podilet ¢lovek. Jednou z variant
by mohlo byt zdmérné a pfip. i jednordzové zasypani rokle. Nizky pocet rostlinnych
makrozbytkii v niz$ich ¢astech sedimentu miize byt dan jak jejich odliSnou genezi, tak nizsi
intenzitou lidské Cinnosti. Otazkou také zustava, co umoznilo ukladani sedimentu na patrné
svazitém terénu, navic zCasti v prostfedi stojat¢ vody. D& se ptedpokladat piitomnost
ptekazky — tarasu, at’ jiz byl pfirozeny, nebo vytvoreny ¢lovékem. Nelze tudiz vyloudit ani
moznost, Zze k veskeré sedimentaci v prostoru rokle doslo az po vystavbé dfevohlinité hradby
pocatkem 10. stoleti. V souhrnu ale Ize konstatovat, ze kulturni souvrstvi uchovalo spise

svédectvi o celkovém Zivotnim prostiedi na Hrad¢ nez o konkrétnim vyuziti daného mista.
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49



Tab. 2: Seznam nalezenych pylovych taxontl. Cisla oznaduji absolutni poéty jednotlivych pylovych
typt. Pylové typy definovany podle Beug (2004). Tu¢né vyznaceny druhy nalezené v sedimentech z
vrtu & 5 na III. nadvoii Prazského hradu (Culikovd 1998). Hvézdickou (*) u absolutnich poét
pylovych zrn oznaceny taxony, u kterych byl zaznamenan shluk pylovych zrn nebo ¢ast prasniku.
Tab. 2: List of identified pollen taxa. Numbers represent the absolute number of individual pollen
types. Pollen types defined according to Beug (2004). Bold text indicates species found in sediments
from bore no. 5 at the third courtyardof Prague Castle (Culikova 1998). An asterisk by the absolute
numer of pollen grains indicates taxons found in a cluster of pollen grains or part of the anther.

2| 5| 9| %

2 & & & prevazujici typ | makrozbytkova
pylovy typ =l 2l E|l 2| ] £| & |taxonomické vymezeni stanovisté analyza (MA)
dfeviny

stinné lesy, mensi | jedle bélokora (4bies
Abies alba 10 17| 12] 17| 10 3| 14| jedle bélokora (4bies alba) | mytiny alba)
javor mléc (Acer
platanoides), j. klen (4. javor mléc¢ (Acer
pseudoplatanus), j. babyka platanoides), javor
Acer 2 1 (4. campestre) sut'ové lesy (Acer sp.)
olse lepkava (Alnus olse lepkava (4lnus
Alnus 9 5 5 3 3 1 2 | glutinosa) okraje toki glutinosa)
btiza bélokora (Betula svétleé lesy, bi'iza bélokora
Betula 41 16 9| 10| 14 4 5 | pendula) paseky (Betula pendula)
habr obecny (Carpinus habr obecny
Carpinus betulus 1 1 1 3 2 | betulus) dubohabtiny (Carpinus betulus)
svida krvava (Cornus
Cornus sanguinea 4 1 | sanquinea) kioviny
liska obecna (Corylus svétlé lesy, liska obecna (Corylus
Corylus avellana 1 1 2 | avellana) kioviny avellana)
brslen evropsky (Euonymus
Euonymus europaeus 1 europaea) kioviny
buk lesni (Fagus
Fagus sylvatica 2 1 1 2 buk lesni (Fagus sylvatica) | stinné lesy sylvatica)
krusina olSova (Frangula kfoviny, okraje
Frangula alnus 1 alnus) tokll
jasan ztepily (Fraxinus jasan ztepily
Fraxinus excelsior 2 excelsior) sutové lesy, luhy | (Fraxinus excelsior)
smrk ztepily (Picea
Picea abies 4 3 1 2 4 1 | smrk ztepily (Picea abies) | stinné lesy abies)
borovice lesni (Pinus svétlé lesy, skaly, | borovice lesni (Pinus
Pinus sylvestris 28| 63| 54| 39| 19 8 | 24| sylvestris) paseky sylvestris)
trnka obecna (Prunus
spinosa), jablon
dreviny celedi ruzovité péstovana (Malus
(Rosaceae) - napt. trnka domestica), tieSen
obecna (Prunus spinosa), ptaci (Cerasus
plané i péstované ovocné avium), visen obecna
stromy - jablon (Malus), (C. vulgaris), sliva
hrusen (Pyrus) a tfeseit prava (Prunus
Prunus typ 2 2 6 3 7 1 | (Cerasus) kfoviny, sady domestica)
dub letni (Quercus robur) | doubravy a
Quercus 4 9 6 2 9 6 4 | ad. zimni (Q. petraea) dubohabtiny dub (Quercus sp.)
Rosa 1 1 1| rGze (Rosa) kfoviny ruze (Rosa sp.)
ostruZzinik jezinik
(Rubus caesius), o.
rod ostruzinik (Rubus) kiovity (R.
kromé druhu o. moruska fruticosus), o.
Rubus 5 2 1 3 (R. chamaemorus) kioviny malinik (R. idaeus)
14 okraje tokd,
Salix * 3 7 71 20| 39| 18] vrba (Salix) kioviny vrba (Salix sp.)
bez Cerny (Sambucus
Sambucus nigra/s. nigra), b. Cerveny (S. kfoviny/sutové bez erny (Sambucus
racemosa 1 4 1 4 3 4 2 | racemosa) lesy nigra)
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jetab muk (Sorbus aria), j.
ptaci (S. aucuparia) a hloh

ktoviny, svétlé
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Sorbus typ 1 (Crataegus) lesy jetab (Sorbus sp.)
lipa srdéita (7ilia cordata)
a 1. velkolista (T. sut'ové a svétlé
Tilia 8 2 4 2 8] 15 5 | platyphyllos) lesy lipa (Tilia sp.)
jilm vaz (Ulmus laevis), j.
habrolisty (U. minor), j.
Ulmus 2 1 drsny (U. glabra) sutové lesy, luhy
kalina obecna (Viburnum okraje tokd,
Viburnum opulus 1 | opulus) vlhké kioviny
byliny
napt. oméj jedhoj (4.
anthora), o. vI¢i mor (4. sutové a svétlé
Aconitum 1 | lycoctomum) lesy, kfoviny
hlavacek plamenny (Adonis
Adonis flammea) a h. letni hlavadek letni
aestivalis/A.flammea 1 1 3 1 1 1 1 | (A4.aestivalis) pole, tthory (Adonis aestivalis)
Fepik lékarsky
tepik lékaisky (Agrimonia (Agrimonia
Agrimonia eupatoria 1 eupatoria) suché louky eupatoria)
napt. kontryhel tipytivy okoli cest,
(Alchemilla micans), k. pastviny,
ostrolaloény (4. vulgaris), | naruSované
Alchemilla 2 1 | k. pastvinny (4.monticola) | travniky, piikopy
rod pilat (Anchusa) a pole, uhory/svétlé
Anchusa/Pulmonaria 1 3 1 2 | plicnik (Pulmonaria) lesy
bélozarka liliovita
(Anthericum liliago) a suché louky,
Anthericum 4 1 2 b. vétevnatéd (4. ramosum) | vyslunné strané
tetlucha kozi pysk
(Aethusa cynapium),
20 blize neurcené druhy Celedi | pole, thory, bolehlav plamaty
Apiaceae 271 20|* 20| 36| 155| 33 | mifikovité (Apiaceae) rumisté (MA) (Conium maculatum)
57 | napt. pelyn¢k cernobyl (4.
Artemisia 61 24| 25| 21| 26 71* vulgaris) rumis$té
napf. rod astra (4ster),
sedmikraska (Bellis),
dvouzubec (Bidens), turan
(Erigeron), protéz
(Gnaphalium), oman protéz lesni
(Inula), devétsil (Petasites), (Gnaphalium
staréek (Senecio), zlatobyl | suché strang, sylvaticum), bélolist
(Solidago), podbél okoli cest, uhory | polni (Filago
Aster typ 12 6 6 9 6 5 8 | (Tussilago) (MA) arvensis)
napf. rod ¢ekanka
(Cichorium), locika
(Lactuca), mlécka
(Mycelis), mlé¢ (Sonchus),
Skarda (Crepis), jestiabnik
(Hieracium), prasetnik
(Hypochaeris), kapustka
(Lapsana), machelka
(Leontodon), hoi¢ik mlé¢ drsny (Sonchus
(Picris), pampeliska asper), kapustka
(Taraxacum), kozi brada obecna (Lapsana
Asteraceae-Fenestrateae 20 20| 15| 23| 11| 10| 12| (Tragopogon) rumisté (MA) communis)
rod kozinec (Astragalus),
vlnice (Oxytropis),
komonice (Melilotus) a komonice (Melilotus
Astragalus typ 1 1 jehlice (Ononis) rumisté (MA) sp.)
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hof<¢ice rolni
(Sinapis arvensis),
Sedivka Sediva
(Berteroa incana),
kokoska pastusi
tobolka (Capsella
bursa-pastoris),
penizek rolni
(Thlaspi arvense),
barborka obecna
(Barbarea vulgaris),
feticha chlumni
(Lepidium
campestre), fepinka
latnata (Neslia
paniculata), Inicka
drobnoploda
(Camelina
microcarpa), fedkev

v§echny druhy celedi pole, thory, ohnice (Raphanus
Brassicaceae 44| 27| 14| 12| 25| 10| 10| brukvovité (Brassicaceae) | rumisté (MA) raphanistrum)
prorostlik srpovity
(Bupleurum falcatum),
p. dlouholisty (B. prorostlik
longifolium), p. okrouhlolisty
okrouhlolisty (B. pole, vinice, (Bupleurum
Bupleurum falcatum typ 2 rotundifolium) thory (MA) rotundifolium)
vies obecny (Calluna pastviny, svétlé
Calluna vulgaris 1 1 9 S | vulgaris) lesy, skaly
blatouch bahenni (Caltha
Caltha 2 palustris) okraje tokl
rod zvonek (Campanula) a | louky,
Campanula/Phyteuma 2 1 2 1 zvonelnik (Phyteuma) rumisté/nivy
konopg¢ seta (Cannabis konopé seta
Cannabis sativa 2 8 71 11 6 4 6 | sativa) pole (Cannabis sativa)
napt. bodlak obecny bodlik obecny
(Carduus acanthoides), b. (Carduus
Carduus 2 kadetavy (C. crispus) rumisté, pastviny | acanthoides)
kmin kotenny (Carum
Carum carvi 1 carvi) louky, pastviny
chrpa modréak (Centaurea pole - hlavné chrpa modrak
Centaurea cyanus 2 cyanus) Zitna (Centaurea cyanus)
chrpa luéni (Centaurea louky, lada,
Jjacea) a ch. latnata paseky/vyslunné
Centaurea jacea/C. stoebe | 12 9 3 91 22| 77 3 | (Centaurea stoebe) strané
chrpa ¢ekanek (Centaurea | sussi louky a
Centaurea scabiosa 2 2 4 6 scabiosa) strané
napi. rozec obecny lucni
(Cerastium holosteoides), r.
rolni (C. arvense), r. louky, pastviny, rozec (Cerastium
Cerastium 2 1 2 1 klubkaty (C. glomeratum) | Ghory, travniky sp.)
psenice (Triticum) , oves oves sety (4Avena
(Avena sativa), proso seté sativa), oves (Avena
(Panicum miliaceum), sp.), pSenice obecna
jecmen (Hordeum)- jemen (Triticum aestivum),
se muze velikostné proso seté (Panicum
piekryvat s nékterymi miliaceum), je¢men
druhy divokych trav jako obecny (Hordeum
Cerealia 149 127 66| 83| 96| 62| 108 | napt. zblochan (Glyceria) pole vulgare),
voskovka mensi (Cerinthe | pole, Ghory, voskovka mensi
Cerinthe minor 1 5 1 4 1 10 | minor) kioviny (Cerinthe minor)
krabilice chlupata krabilice
Chaerophylum hirsutum 4 2 1 (Chaerophylum hirsutum) | vlhké louky (Chaerophylum sp.)
vlastoviénik vetsi
Chelidonium majus 1 (Chelidonium majus) rumisté
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merlik bily
(Chenopodium
album), m. fikolisty
(Ch. ficifolium), m.
zvrhly(Ch.
hybridum), m.
mnohosemenny
(Ch. polyspermum),
lebeda rozkladita

rod merlik (Chenopodium), (Atriplex patula),l.
21 lebeda (Atriplex), fepa pole, thory, rozprostiena (A4.
Chenopodiaceae 34| 36| 28| 34|* 9| 17| (Beta), bytel (Kochia) rumisté prostrata)
napi. pchac oset (Cirsium
arvense), p. bahenni (C. pole, uhory,
palustre), p. zelinny (C. rumisté, ptikopy,
Cirsium 5 5 4 5 9 2 | oleraceum) vlhké louky pchaé (Cirsium sp.)
ostrozka stracka (Consolida
Consolida regalis 3 | regalis) pole, tthory
svlacec rolni (Convolvulus | pole, uhory,
Convolvulus arvensis 5 3 1 arvensis) okraje cest
kokotice evropska (C.
europaea), k. povazka (C.
epithymum) a k. hubilen (C. | parazit - louky,
Cuscuta 1 1 1 1 1 epilinum) pole, rumisté
osttice srstnata (Carex
hirta), o. Otrubova
(C. otrubae), o.
bledava (C.
pallescens), o.
kulkonosna (C.
pilulifera), o. lesni (C.
sylvatica), ostFice
(Carex sp.), skiipina
napf. rod ostfice (Carex), lesni (Scirpus
skiipina (Scirpus), sylvaticus), skiipinec
kamysnik (Bulboschoenus), | kioviny, meze, Tabernaemontantv
skiipinec (Schoenoplectus), | ptikopy, vlhka (Schoenoplectus
Cyperaceae 2 2 1 4 1 | bahnicka (Eleocharis) pustd mista (MA) | tabernaemontanii)
mrkev obecna (Daucus mrkev obecna
Daucus carota 6 1 1 carota) louky, rumisté (Daucus carota)
hadinec obecny (Echium pastviny, suché
Echium vulgare 2 1 1 vulgare) strané
vrbka uzkolista (Epilobium
Epilobium angustifolium 1 1 5 2 angustifolium) paseky, rumisté
macka ladni (Eryngium pastviny, suché
Eryngium campestre 2 campestre) strané
kopr vonny (4Anethum srpek obecny
graveolens), totice (Torilis) (Falcaria vulgaris),
a srpek obecny (Falcaria suché strané, kopr vonny (4Anethum
Falcaria typ 1 2 vulgaris) okraje cest graveolens)
opletka obecna (F. pole, thory,
Fallopia convolvulus/F. convolvulus) a o. kfovistni | rumisté/vlhké opletka obecna (F.
dumetorum 3 6 (F. dumetorum) kfoviny convolvulus)
tuzebnik jilmovy vlhké louky a
Filipendula ulmaria/F. (Filipendula ulmaria) a t. | ptikopy/suché
vulgaris 18 9 S| 14| 29| 35| 14 | obecny (F. vulgaris) strané
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rod zb&hovec (4juga),
bukvice (Betonica),
konopice (Galeopsis),
hluchavka (Lamium),
bufina (Leonurus), $isak

louky, kfoviny,

zbéhovec Zenevsky
(Ajuga genevensis),
z. plazivy (4.
reptans), hluchavka
nachova (Lamium
purpureum), h.
skvrnita (L.
maculatum), Cistec
ro¢ni (Stachys annua),
¢. ptimy (S
recta), konopice rolni
(Galeopsis tetrahit),
k. uzkolista (G.
angustifolia), k.

(Scutellaria), Eistec rumisteé, pole, Sirolista (G.
Galeopsis-Ballota typ 2 7 4 5 8 | (Stachys) thory (MA) ladanum)
rod krucinka (Genista), suché strané,
¢ilimnik (Chamaecytisus) a | meze, pastviny,
Genista typ 2 1 | janovec (Cytisus) okraje doubrav
napt. hofecek brvity
Gentianella 1 (Gentianopsis ciliata) pastviny
kuklik méstsky(Geum
urbanum) a kuklik fiéni (G. | rumisté/vlhké
Geum urbanum/G. rivale 1 1 1 rivale) louky
bér sivy (Setaria
glauca), jezatka kuii
noha (Echinochloa
73 (93 |71 |84 114 louky, rumiste, crus-galli), obecné
Gramineae 92 | * * * * 59| * tzv. divoké travy pole, thory lipnicovité (Poaceae)
biectan popinavy (Hedera
Hedera helix 2 1 3 1 1 | helix) stinné lesy, zdi
pravdépodobné devaternik
velkokvéty (Helianthemum
Helianthemum 2 3 41 10 grandiflorum) vyslunné strané
bolSevnik obecny
bolsevnik obecny (Heracleum
Heracleum sphondylium 2 1 | (Heracleum sphondylium) | vlhké louky sphondylium)
chmel otacivy (Humulus okoli toktl, vlhké | chmel otadivy
Humulus lupulus 3 3 1 lupulus) kioviny (Humulus lupulus)
tirezalka teckovana
napf. tfezalka teckovana vyslunné strané, | (Hypericum
Hypericum 26 11| 11| 11| 24| 19| 22| (Hypericum perforatum) sussi louky perforatum)
netykavka nedutkliva lesni prameniste,
Impatiens noli-tangere 1 2 (Impatiens noli-tangere) sutové lesy
napf. chrastavec rolni
(Knautia arvensis), ch.
Knautia 1 lesni (K. dipsacifolia) louky, lesni lemy
napt. Inice kvétel (Linaria
vulgaris), 1. rolni (L. pole, thory, okoli | Inice kvétel (Linaria
Linaria 1 | arvensis) cest vulgaris)
bradacek vejcity (Listera kfoviny, svétlé
Listera ovata 1 ovata) lesy
stirovnik razkaty (Lotus
Lotus corniculatus 2 1 3 2 | corniculatus) sussi louky
FebFicek obecny
napt. rod febficek (Achillea
(Achillea), rmen millefolium), rmen
(Anthemis), kopretina rolni (Anthemis
(Leucanthemum), hefmanek arvensis), rmen
(Matricaria), vrati¢ barvitsky (Anthemis
(Tanacetum), louky, pole, tinctoria), kopretina
hefmamnkovec uhory, meze, bila (Leucanthemum
Matricaria typ 6 3 3 6] 10] 11 9 | (Tripleurospermum) okoli cest vulgare)
tolice srpovita (Medicago
Medicago falcata/M. falcata) a t. rozprostiena
prostrata 1 (M. prostrata) vyslunné strané
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napf. ¢ernys rolni
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(Melampyrum arvense), ¢. | pole, uhory,
hajni (M. nemorosum), ¢. vyslunné strané,
Melampyrum 4 1 4 11 9 2 | luéni (M. pratense) dubohabtiny
mata dlouholista
(Mentha longifolia),
rod marulka (4cinos), mata rolni (Mentha
klinopéd (Clinopodium), arvensis), karbinec
karbinec (Lycopus), mata uhory, naspy, evropsky (Lycopus
(Mentha), dobromysl suché strang, europaeus),
(Origanum), matefidouska | okoli tokd, matefidouska
Mentha typ 18 8| 13] 10| 24| 24| 24| (Thymus) ptikopy (Thymus sp.)
cernucha rolni (Nigella
Nigella arvensis 1] 13 arvensis) pole, thory
zdravinek (Odontites) a
mozna nékteré druhy typu | vyslunné strang,
Odontites typ 1 9 9 51 10 6 | Rhinanthus a Veronica okoli cest
mak pochybny
mak pochybny (Papaver (Papaver dubium),
dubium), m. vI¢i (P. m. VI¢i (P. rhoeas),
rhoeas), m. sety (P. pole, thory, m. sety (P.
Papaver rhoeas typ 4 5 3 somniferum) naspy somniferum)
rdesno Cervinec (Persicaria
maculosa), r. blesnik (P.
lapathifolia), r. mensi (P. vlhké rumisté,
minor), r. peprnik (P. ptikopy, okoli rdesno blesnik (P.
Persicaria maculosa typ 1 hydropiper) cest lapathifolia)
jitrocel kopinaty (Plantago | pastviny, okoli
Plantago lanceolata 8 9 91 10| 27 5| 15| lanceolata) cest
jitrocel vétsi (Plantago pastviny, okoli
Plantago major 1 4 major) cest
jitrocel prostfedni pastviny, okoli
Plantago media 3 1 1 2 | (Plantago media) cest
truskavec ptaci
truskavec ptaci (Polygonum | seSlapavané (Polygonum
Polygonum aviculare 12 4 6 9 7 3 6 | aviculare) plochy aviculare)
jahodnik obecny
(Fragaria vesca),
vlhka mochna
rumisté/suché poléhava/stfibrna
rod mochna (Potentilla) a strang, patviny, (Potentilla
Potentilla/Fragaria 8 3 2 51 10 5 | jahodnik (Fragaria) paseky(MA) supina/argentea)
napt. koniklec lu¢ni
Pulsatilla 2 4 1 2 4 1 | (Pulsatilla pratensis) suché strané
pryskyinik prudky
napf. pryskytnik prudky (Ranunculus acris),
(Ranunculus acris), p. p. plazivy (R.
hliznaty (R. bulbosus), p. vlhké louky a repens), pryskyinik
Ranunculus acris typ 3 2 1 1 | plazivy (R. repens) rumisté (MA) (R.sp.)
pryskyinik lity
napt. pryskyinik lity (R. (Ranunculus
sceleratus), plamének vlhka rumisté sceleratus),
Ranunculus sceleratus typ 3 7| 1 * | (Clematis) (MA) pryskyinik (R.sp.)
ryt zluty (Reseda
ryt zluty (Reseda lutea) ar. | Ghory, nspy, lutea) a ryt barvifsky
Reseda 1 33 barvii'sky (R. luteola) suché strané (R. luteola)
rody kokrhel (Rhinanthus),
svétlik (Euphrasia) a
pravdépodobné nékteré
druhy typu Veronica a louky, pastviny,
Rhinanthus typ 6| 10 1 3 2| 16 6 | Odontites meze
svizel pritula
(Galium aparine), s.
pochybny (G.
vlhka rumiste, spurium), s.
rody svizelka (Cruciata), pole, uhory, syFristovy (G.verum),
mafinka (4sperula), svizel | suché strané, s. povazka (G.
Rubiaceae 1 1 1 2 | (Galium) louky (MA) mollugo)
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napt. §tovik kysely (Rumex
acetosa), §. mensi (R.
acetosella), §. tupolisty (R.
obtusifolius), §. klubkaty
(R. conglomeratus), §.

thory, suché
strang, pastviny,

Stovik mensi (Rumex
acetosella), §.
kaderavy (R.
crispus), §. tupolisty

Rumex acetosa typ 3 1 1 1 7 3 4 | kadetavy (R. crispus) vlhka rumisté (R. obtusifolius),
napt. §tovik vodni (Rumex
aquaticus), $. konsky (R.
hydrolapathum), §. okoli toku, vlhka
Rumex aquaticus typ 1 dlouholisty (R. longifolius) | rumisté
krvavec mensi
Sanquisorba minor 1 | (Sanquisorba minor) vyslunné strané
napi. hlavac Sedavy
(Scabiosa canescens), h.
zlutavy (S. ochroleuca), h. | sussi louky,
Scabiosa 1 1 fialovy (S. columbaria) vyslunné strané
rody krti¢nik
(Scrophularia) a divizna okoli tokti/suché
Scrophularia/Verbascum 2 4 2 3 1 1 | (Verbascum) strané
Zito seté (Secale
Secale cereale 3 1 18 2 3 | zito seté (Secale cereale) pole cereale)
napf. rozchodnik bily
(Sedum album), r. skalni (S. | suché kamenité
reflexum), r. ostry (S.acre), | strané, naspy,
Sedum 1 1 | r. Sestifady (S. sexangulare) | skaly
napf. silenka usnice (Silene silenka nadmuta
otites), s. nadmuta (S. suché louky a (Silene vulgaris),
Silene 2 3 2 1 vulgaris), s. nici (S. nutans) | strané silenka (Silene sp.)
lilek potméchut’ (Solanum
Solanum dulcamara 1 3 | dulcamara) okoli tokti
lilek ¢erny (Solanum skladky, lilek ¢erny (Solanum
Solanum nigrum 4 2 3 1 1 | nigrum) komposty nigrum)
kolenec rolni (Spergula
Spergula arvensis 1 arvensis) pole, thory
Certkus luéni (Succisa
Succisa pratensis 1 pratensis) vlhké louky
napt. zlutucha smrdutd
(Thalictrum foetidum), z.
leskla (7. lucidum), z. zluta Zlut'ucha Zluta
Thalictrum 1 1 2 5 | (T flavum) vlhké louky(MA) | (Thalictrum flavum)
napt. jetel luéni (Trifolium
pratense), j. prostiedni (7. | louky, pastviny,
Trifolium pratense typ 1 2 6 7 4 | medium) meze
napf. jetel plazivy
(Trifolium repens), j. rolni
(T. arvense), j. ladni (T. pastviny, suché
campestre), j. pochybny (7. | strané, meze,
Trifolium repens typ 2 5 10 9| 8* | dubium) okraje cest
koptiva dvoudoma (Urtica | vlhka rumisté, kopfiva dvoudoma
dioica) a k. zahavka (U. skladky, (Urtica dioica) a k.
Urtica S* 31 11| 30 8 3| 11| urens) komposty Zahavka (U. urens)
kozlik 1ékaisky
kozlik Iékatsky (Valeriana | vlhké piikopy, (Valeriana
Valeriana officinalis 2 4 2 2 officinalis) okoli tokti officinalis)
napf. kozli¢ek polnicek kozli¢ek zubaty
(Valerianella locusta) a k. (Valerianella
Valerianella 15 zubaty (V. dentata) pole, suché meze | dentata)
rod rozrazil (Veronica), rozrazil klasnaty
hluchavka bila (Lamium (Veronica spicata),
album) a mozna nékteré vyslunné strané, | rozrazil (Veronica
druhy typu Rhinanthus a rumiste, uhory, sp.), hluchavka bila
Veronica typ 10 70 11| 12 13| 28| 11 | Odontites okoli cest (Lamium album)
vikev Ctyfsemenna
(Vicia tetrasperma),
v. seta (V. sativa),
rod vikev (Vicia), hrachor | pole, Ghory, cocka jedla (Lens
Vicia typ 5 5 5 2 3 4 2 | (Lathyrus) a Cocka (Lens) louky, pastviny esculenta)
Fepei durkoman
fepent durkoman (Xanthium | okraje cest, (Xanthium
Xanthium strumarium 1 3 1 1 | strumarium) naspy, rumisteé strumarium)
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neurcené
nepylové objekty
houba, parazitujici ¢asto na
rostlinach ¢eledi bobovité
Thecaphora 1 1 3 (Fabaceae)
Ascaris 1 | Skrkavka - stfevni parazit
tenkohlavec bi¢ikovy -
stfevni parazit prasete a
Trichuris trichiura 1 1 2 4 | ¢loveéka
spory blize neur¢enych
monoletni spora 2 1 1 1 2 | kapradin stinné lesy
triletni spora 2 spory mecht
celkem objektii 741 | 601 | 422 | 487 | 620 | 871 | 505
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Summary

The pollen analysis of early medieval sediments from the southern ravine at Prague Castle
was performed on the basis of the unfinished processing of samples taken in 1998 at the
location of today’s Third courtyard. The samples were taken as part of a project (Bohacova
1999) aimed at the long-term preservation of an archaeological site from the 1920s. The
results are confronted with both the existing archaeological context as well as an analysis of
plant macroremains and pieces of wood removed at the same time (Culikova 1998a; Kaplan
1998b). The processed samples are from cultural layers laid down some time around the last
third of the 9th and first half of the 10th centuries; these were created in the, by then, already
settled area of the partially filled-in gorge whose mouth was in the centre of the Piemyslid
castle on the southern slopes of HradCany. A wood-and-clay ramparts established lower on
the slope probably supported deposition of sediments. The strata are located in close
proximity to the settlement stratigraphy containing the remains of wooden structures in
repeated superpositions. The analysed material was acquired from the walls of the terrain
blocks during documentation and sampling of the stratigraphy, as well by manually driving a
drill (6 cm in diameter) into the otherwise inaccessible lower layers of the strata.
Macroremains were also acquired from layers below the above described cultural deposits; an
analysis showed a strongly anthropogenic range of species in almost the entire GS 5 bore
(Culikova 1998a; fig. 4). Samples for pollen analysis in this lower part of the bore were not
preserved (Kaplan 1998b). The pollen spectrum in the individual samples does not show any
change in vegetation over the course of the studied period (fig. 7, 8). The layers must have
arisen under analogous vegetation conditions at the location. The pollen spectrum from the
early medieval cultural layers contains rather marginal ratio of arboreal pollen. The most
common traces are those of Scots pine (Pinus sylvestris), that was becoming more numerous
in the Middle Ages. Also fir (4bies) was spreading in cultural landscape (Abies; Pokorny
2003; Sadlo — Pokorny 2003). Spruce (Picea abies), beech (Fagus sylvatica) and fir (Abies)
may have grown in microclimatically favourable locations such as the cool floor of the
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Brusnice creek or on the northern slopes. The low number of pollen grains from the main
climax tree species for the lokality and nearby surroundings — oak (Quercus) and hornbeam
(Carpinus) — points towards extensive deforestation. Riverine trees, primarily willow (Salix)
and alder (A/nus), are only marginally represented in the pollen spectrum. Isolated finds of
pollen grains point towards the presence of shrub communities. The primary herbaceous
plants are ruderals, cereals and related weeds (the only exception bedny sample PS5). The
ravine itself was home to a ruderal vegetation. One woody species which may have been
growing in proximity to the sample site and in the entire castle complex is black elder
(Sambucus nigra). Some buildings nearby sampled site were covered by ivy (Hedera helix).
Ruderal herbaceous plants inhabited a broad range of sites, from moist nutrient-rich locations
to dry, barren sites. The position of the studied site is well reflected in the high ratios of pollen
from xerophytes (indicating a pasture) which probably grew on the southern slope of
Hradcany. There are only marginal indications of alluvial, shoreline or water meadow plants;
also less common are mesophilic meadows. The set of represented samples is characterised by
an exceptional species richness reflecting the high level of diversity of the early medieval
landscape. We cannot rule out that the much-needed renovation of the paved surface and load-
bearing structure of the Third courtyard of Prague Castle in the 1990s definitively altered the
site’s microclimatic conditions. A parallel analysis in the future may thus no longer be
possible.
English by Helena Vickova
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Abstract

As part of an archaeological excavation in Valdstejnskd street in the Lesser Town of Prague,
flood sediments in an old channel of the river Vitava were studied by means of pollen analysis.
Analyses were performed on a core taken before the archaeological excavation and samples from
the layers uncovered by the excavation. The core includes deposits from the era that followed the
construction of weirs in the second half of the 13th century up to approximately the 15th century.
Some of the sediments are older and from Early Medieval times (the oldest from the end of the
10th century). For the pollen analysis, three types of sediment were studied: flood loams, cultural
layers and material deposited on causeways. Thanks to the diversity in the sediments it was
possible to study local and regional components of the pollen spectra in more detail. The
vegetation growing in the old river channel consisted of ruderal and weed taxa with sedge stands
surviving in less accessible places. This locality most probably did not serve as a dumping
ground until at least the 14th century, and even then this is not directly indicated by the pollen
analysis. The difficulty of interpreting the mixed-origin pollen spectra usually present in urban
archaeobotanical deposits is a common problem. Using multivariate statistics, three groups of
pollen taxa characteristic for each particular sediment type were separated, and the individual
pollen sources (and corresponding taphonomical processes) partly separated. Therefore, it was
possible to distinguish autochthonous and allochthonous sources of pollen and draw conclusions

about the local vegetation at this site.

Ke y wo r d s : archaeological research, cultural layer, flood sediments, floods, pollen analysis,

river channel, species and habitat diversity
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1. Introduction

Prague is a city in which natural and semi-natural habitats are still more or less represented
(Sadlo 2001). It is located in a morphologically very diverse relief that has a complicated
geological structure (Kovanda et al. 2001). Studying the medieval pollen record provides an

opportunity to reveal how different the past environment was from that of today.

Fig 1. The Lesser Town, with the location of the old river channel of the Vltava river. The arrow shows
the site of the archaeological excavation.

As a part of a rescue archaeological study in ValdStejnska street in Prague, Lesser Town
(Mala Strana), flood sediments of an old river channel of the Vltava river were studied (Fig. 1).
To obtain a continuous pollen record (and to compare this with information derived from
archaeological layers), and thus study the environmental changes that occurred from the time

before the permanent colonization of the Lesser Town basin, a core was taken in the old river

64



Chapter 3

channel. During subsequent archaeological research, strata containing Early Medieval causeways
were excavated several meters to the north and lying below the level of the bottom of the core.
However, further coring to reach lower levels of the old river channel was not possible due to the
constraints resulting from the building requirements at the study site.

Compared to pollen spectra from the cultural layers, which are typically analyzed for
archaeological research in the area of Prague (Jankovska 1987, 1991, Btizova 1998, Pokorny
2000, Benes et al. 2002), our results from Valdstejnska street are unique. In the old river channel,
the pollen spectra come from three types of sediment: the surfaces of Early Medieval causeways
(paths made of stones), flood loams and cultural layers deposited mostly on top of the flood loam
strata in the profile. These diverse sediments indicate pollen from a high number of sources,
which makes it possible to draw more general conclusions about the site and its vicinity.

The locality is within the present Lesser Town in Prague. From prehistory and Early
Medieval to High Medieval, the environment in the Lesser Town basin experienced dramatic
changes. Although the age of the old river channel is unknown it is certain that in the 10th
century the river already flowed in its present-day riverbed (Hrdlicka 2001). In the 9th century
there was a fortified settlement with the centre at present-day Lesser Town Square and an old
river channel formed its western boundary. At that time, the valley had a very diverse
morphology with rocks, ravines and marshes, and was shaped by several streams (Zavtel 2001).
The end of the 9th century was a time of great urban changes in the area of Lesser Town that
destroyed older layers. It is therefore extremely difficult to make a continuous study of local
settlement throughout prehistory (Cihdkova 1999). In medieval times (at least from the early 10th
century), Prague quickly grew into an important business centre, which is evident from both
written as well as archaeological sources (Cihdkova & Zaviel 1997). The town was made up of
an aggregation of settlements (more or less independent) whose distribution respected local
environmental conditions. The conversion of Prague into a modern gothic town occurred in the
middle of the 13th century and resulted in a radical change. In 1257, New Town (later renamed
Lesser Town) was founded with streets at right angles to one another within new-built stone
walls. Even at that time there was no important settlement in the area of the old river channel
except on the so called “Island below the Prague Bridge” (“Ostrov pod mostem Prazskym™).
Here, the terrain was permanently above the level of floods since the settlement was on the
prolluvial cone of Brusnice brook (Hrdlicka 1984). The previous inhabitants were evicted and
replaced by German merchants and craftsmen. This coincided with the beginning of a town
dependent on business not agriculture (Mencl 1969). Based on written sources, the first weirs
were constructed on the Vltava river in the second half of the 13th century. This resulted in
severe floods and the accumulation of a huge amount of flood loams in the frequently flooded

areas above the weirs. The old river channel studied is above one of the weirs and thus the level
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of the bed of the channel came up to that of the surrounding ground within several centuries.
Flooding destroyed the settlement on the “Island below the Prague Bridge” in the area of present-
day Klarov (Hrdlicka 1972). Thus the floodplain (including the locality studied) was abandoned
in the High Medieval period. Not until the 15th and mainly 16th centuries did people finish
levelling the ground and start building along and around the old river channel (Hrdlicka 1984).

2. Material and methods
2.1.Sedimentary context under study

Pollen analysis was carried out on a core (starting at 186 m above sea level) obtained before the
start of the rescue archaeological excavations and from archaeological layers uncovered later.
The core was 371 cm long and was dated archaeologically based on specific succession of
sediments (thus the dating is not exact). The bottom of the core dates approximately to the second
half of the 13th century, right after the construction of the weirs (Hrdli¢ka 2001). The top layer
dates approximately to the 15th century (J. Cihakova, pers. comm.). The second set of data comes
from archaeological layers. These excavations were made several meters north of the core site.
For our study four of the profiles (91, 93, 100,104) were chosen and one to nine samples of
organic sediment taken from each of the profiles (Table 1). Some of the archaeological layers
analyzed are older than the base of the core. The oldest archaeological layer (1174, 180.2ma.s.1.)
was dated to the end of the 10th century (Table 1). These Early Medieval (up to the half of the
13th century) sediments represent causeways that crossed the old river channel (J. Cihdkova,
pers. comm.). About 11 such causeways lay on top of each other separated by flood loams, since
the causeways were renewed after each flood.

As mentioned above, pollen analysis was performed on three types of sediment: flood
loams, cultural layers and material deposited on the causeways. The distribution of sediment
types in the profile is not regular (Fig. 2, Table 1). The deposits mainly associated with the paths
were found at the bottom, flood loams in the middle and cultural layers in the upper part of the
profile. As it is likely that different taphonomical processes occurred in each sediment type, it is
not easy to interpret the differences among pollen spectra with depth and determine the
development of vegetation through time. The very fine light-greyish loams had layers of fine
sand of various thicknesses. Cultural sediments were very rich in organic matter, and in some
parts stones were present. Material deposited on the causeways was dark organic matter mixed

with the flood lozme forming the base of all causeways.
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Number of Number of Type of
layer Archaeological dating profile sediment
884 14th century 100 Cultural layer
885 14th century 100 Cultural layer
886 14th century 100 Cultural layer
887 14th century 100 Flood loam
921 14th century 100 Flood loam
855 14th century 93 Cultural layer
1134 14th century 100 Flood loam
877 13th century 93 Cultural layer
1156 end of 13th — beginning of 14th century 91 Flood loam
1183 end of 13th — beginning of 14th century 104 Flood loam
952 end of 13th century 100 Flood loam
1007 end of 13th century, corresponds to layer 952 91 Flood loam
1195 2nd half of 13th century 100 Flood loam
1122 Ist half of 13th century 93 Causeway
1025 2nd half of 12th — 1st half of 13th century 93 Causeway
1113 12th century 93 Flood loam
1044 12th century 93 Causeway
1086 beginning of 11th — 12th century 93 Causeway
1097 10th —1st half of 11th century 93 Causeway
1174 end of 10th century 93 Causeway

Table 1. List of the archaeological layers for which pollen samples were analyzed. Numbers of the layers
and profiles were supplied by archaeologists (J. Cihakova, pers. comm.). The numbering of the profiles

illustrates that the set of samples was not obtained from a single continuous profile.

2.2. Pollen analysis

Sediment was digested in 10% KOH, carbonates were removed by treatment with concentrated
HCI, silicates diluted in concentrated HF and most of the organic material removed during
acetolysis (using acetic acid anhydride and sulphuric acid in a 1:9 ratio according to Faegri—
Iversen 1989) There were relatively few pollen grains in the flood loams and even fewer in the

causeway sediment, proving that they were short-lived. At least 300 grains were found in layers

extremely poor in pollen; in other layers 500 was the minimum count.
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Fig 2. Diagram of the percentages of selected pollen types. The top 100 cm are expected to be identical
with the 100—152 cm layer.
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Pollen type

Species definition

Anemone type

genus Anemone, Hepatica nobilis and possibly some species of the pollen type
Ranunculus aquatilis

Apiaceae

unspecified species of the family Apiaceae

Aster type

e.g. genera Aster, Bellis, Bidens, Inula, Petasites, Senecio, Tussilago

Asteraceae-Fenestratae

e.g. genera Cichorium, Lactuca, Mycelis, Sonchus, Crepis, Hieracium, Hypochaeris,
Lapsana, Leontodon, Picris, Taraxacum, Tragopogon

Astragalus type

genera Astragalus, Oxytropis, Melilotus and Ononis

Bupleurum falcatum type

Bupleurum falcatum, B. longifolium and B. rotundifolium

Cerealia

Triticum, Avena sativa, Panicum miliaceum, Hordeum — size of Hordeum pollen can
overlap with pollen of some wild grasses, e.g. Glyceria

Chenopodiaceae

genera Chenopodium, Atriplex, Beta, Kochia

Dryopteris filix-mas type

Dryopteris filix-mas, D. carthusiana and D. dilatata

Fabaceae

unspecified species of the family Fabaceae

Falcaria type

Anethum graveolens, Torilis japonica and Falcaria vulgaris

Galeopsis-Ballota type

genera Ajuga, Ballota, Betonica, Galeopsis, Lamium, Leonurus, Scutellaria, Stachys

Gnaphalium type

genera Gnaphalium, Filago, Erigeron and Antennaria

Gramineae

species of the family Poaceae, expecially wild grasses

Lysimachia vulgaris type

Lysimachia vulgaris, L. nummularia and L. punctata

Malva type

genera Malva, Althaea and Lavatera

Matricaria type

genera Achillea, Anthemis, Leucanthemum, Matricaria, Tanacetum, Pyrethrum,
Tripleurospermum

Mentha type

genera Acinos, Clinopodium, Lycopus, Mentha, Origanum, Thymus

Odontites type

Odontites and possibly some species of the pollen types Rhinanthus and Veronica

Papaver rhoeas type

Papaver dubium, P. rhoeas, P. somniferum

Persicaria maculosa type

Persicaria maculosa, P. lapathifolia, P. minor, P. hydropiper

Prunus type

some trees and shrubs from Rosaceae family — Prunus spinosa, Crataegus, Sorbus,
Cotoneaster, wild and cultivated fruit trees — Malus, Pyrus and Cerasus

Ranunculus acris type

e.g. Ranunculus acris, R. bulbosus, R. illyricus, R. lanuginosus and R. repens

Ranunculus aquatilis type

e.g. R. sceleratus and genus Batrachium

Rhinanthus type

genera Rhinanthus, Euphrasia and possibly some species of the pollen types Veronica
and Odontites

Rumex acetosa type

e.g. Rumex acetosa, R. acetosella, R. obtusifolius, R. conglomeratus and R. crispus

Rumex aquaticus type

e.g. Rumex aquaticus, R. hydrolapathum and R. longifolius

Saxifraga hirculus type

Saxifraga granulata

Scabiosa columbaria type

Scabiosa canescens, S. ochroleuca and S. columbaria

Scrophulariaceae

genera Scrophularia and Verbascum

Spergularia type

genera Spergula and Spergularia excluding Spergula arvensis

Trifolium pratense type

e.g. Trifolium pratense and T. medium

Trifolium repens type

e.g. Trifolium repens, T. arvense, T. aureum, T. campestre and T. dubium

Veronica type

Lamium album, all the species of the genus Veronica and possibly some species of the
pollen types Rhinanthus and Odontites

Vicia type

genera Vicia, Lathyrus and Lens

Non pollen objects:

Thecaphora

fungal parasite expecially of the Fabaceae family

Trichuris trichiura

intestine parasite having two hosts — men and pig

Table 2. List of pollen types with definitions based on species.
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The usual outcome of the pollen analysis is the classification of plant species into pollen
types,which often include many species and evenwhole plant families in some cases. Pollen types
were identified and modified according to Moore et al. (1991), Reille (1992), Beug (2004) and
Punt (1980). Pollen nomenclature respects the following conventions: (1) The name of a pollen
type is identical to a taxon name (of any rank) if the pollen type represents this taxon and no
other. Examples: Viburnum opulus, Salix, Cyperaceae. (2) The name of a pollen type has the
suffix “type” if it represents a taxon or taxa outside the taxon mentioned in the pollen type.
Examples: Trifolium repens type, Aster type (Table 2). (3) The name of a pollen type
representing two taxa only consists of both taxon names separated by a slash. Examples:
Sambucus nigra/S. racemosa. (4) All these pollen-morphological considerations are restricted to
taxa occurring in the Czech Republic at the altitude of the locality studied (Prague basin in the
Czech Thermophyticum, up to approximately 300 m a.s.l.). The nomenclature of plant taxa
follows Kubat et al. (2002). The interpretation of pollen spectra given in the following chapter is
consistent for the reasons mentioned above.

2.3. Numerical analyses

In order to detect the structure of the data and identify the role of particular parameters such as
the type of sediment and species diversity, multivariate statistical methods (CANOCO; Leps &
Smilauer, 2003) were used. Species diversity is expressed in terms of palynological diversity.
Rarefaction analysis using the Polpal program was therefore performed on all the samples.
Rarefaction recalculates the results correcting for unequal numbers of grains counted, so the
abundances of taxa are comparable. Principal component analysis (PCA) was used to detect the
structure of the data, while redundancy analysis (RDA) tested the effect of particular
environmental parameters. It was not possible to use age as one of the parameters to explain
sediment and vegetation succession since sediment succession was used to estimate the age of
layers. Data were square-root transformed and standardized over species and samples in order to

strengthen the role of rare species and correct for the different numbers of pollen grains.
3. Results and discussion
3.1. Interpretation of pollen spectra

The main results of the pollen analysis are ratios of pollen grains of particular taxa in each layer.

To interpret such results and draw conclusions about abundances of taxa the production and
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dispersal of pollen needs to be taken into account. The major difference is between anemophilous
and entomophilous plants.Most herbs are entomophilous, which means thein pollen is quite
scarse in pollen spectra in general. Cereals, excluding Secale cereale, are very effective self-
pollinating plants, so higher pollen sums for Cerealia indicate association with processing of a
harvest.Wild grasses (Gramineae), Chenopodiaceae, Cyperaceae, Artemisia, Rumex, Urtica,
Plantago lanceolata or Secale cereale are anemogamous taxa and the pollen of these species
occur in higher ratios in pollen spectra compared to other herbs. Among entomophilous herbs,
Filipendula ulmaria/F. vulgaris is a big pollen producer and its pollen often occurs in relatively
high ratios in pollen spectra. As almost all the sites studied are wet biotopes, this pollen is
considered to belong mostly to Filipendula ulmaria.

Trees generally produce much more pollen then herbs and their height provides a further
advantage for long distance pollen transport. Of Central European trees, only 7ilia and Salix are
entomophilous. Their pollen is thus considered to reflect the local presence of both taxa, even
though it is transported by wind and insects. Pinus, Betula and Alnus produce an abundance of
pollen, which is easily transported very far from the source. Picea, Abies and Fagus are similar
both in pollen production and transport, and Abies and Fagus, in particular, can be
underrepresented in pollen diagrams. The representation of Quercus and Fraxinus is assumed to
be similar in vegetation and pollen spectra. Amounts of Carpinus pollen fluctuate, but this
species in general tends to be underrepresented in pollen diagrams. Acer produces very little
pollen, and it is very scarce even in samples from sites where maples were common (for review
see Ralska-Jasiewiczowa ed. 2004).

The above rules hold for natural sediments. Our results, however, are for deposits of
mixed origin (Latatowa et al. 2003) resulting from different kinds of human activity, and from
both local and distant flora (especially in the case of flood loams). Thus, the pollen spectra that
are presented here represent thanatocoenoses, i.e. assemblages of pollen grains of both
autochthonous and allochthonous origin. Taphonomical processes are all processes that led to the
deposition of the pollen grains (Litynska-Zajac & Wasylikowa 2005).

In the case of Valdstejnska street, pollen grains were not highly corroded and thus
complete pollen spectra were preserved, and several ecological groups can be distinguished.
These are forest species, crops, cereal weeds and ruderals, and taxa of wetlands, xerophilous
grasslands, meadows and pastures (Fig. 3).

Arboreal pollen, which is likely to have been transported over long distance (Sugita
1999), especially reflects the landscape in the vicinity of medieval Prague. In our data, forests are
represented by many species belonging to ecologically more or less contrasting plant
communities. Alluvial forests are represented by Al/nus and Salix, scree woods by Acer, Tilia and

Fraxinus, shady forests by Fagus, Picea and Abies, oak-
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Fig 3. Summary diagram with defined groups of species and the results of analyses. AP arboreal pollen,
NAP — non-arboreal pollen, Rarefacted number of taxa — curve expressing pollen diversity, PCA1 —
principal correspondence analysis curve expressing distribution of samples on the first axis. Pollen types
included into the defined groups: Crops: Cannabis sativa, Cerealia, Secale cereale; Weeds and ruderals:
Adonis aestivalis/A. flammea, Agrostemma githago, Anchusa/Pulmonaria, Aphanes, Asteraceae-
Fenestratae, Brassicaceae, Centaurea cyanus, Chenopodiaceae, Consolida regalis, Convolvulus arvensis,
Fallopia convolvulus/F.dumetorum, Galeopsis-Ballota type, Matricaria type, Papaver rhoeas type,
Persicaria maculosa type, Plantago major, Polygonum aviculare, Rubiaceae, Rumex acetosa type, Rumex
aquaticus type, Sagina, Scandix pecten-veneris/Caucalis platycarpos, Solanum nigrum, Trifolium repens
type, Turgenia latifolia, Urtica, Xanthium; Water and wetland taxa: Alisma, Butomus umbellatus, Caltha,
Cyperaceae, Filipendula ulmaria/F. vulgaris, Hottonia palustris, Humulus lupulus, Lythrum, Menyanthes
trifoliata, Ranunculus acris type, Ranunculus aquatilis type, Solanum dulcamara, Sparganium/Typha
angustifolia, Thelypteris palustris, Valeriana officinalis; Ferns: monolete fern spores together with
Athyrium filix-femina, Dryopteris filix-mas, Pteridium and Polypodium vulgare ; Grasses: pollen type
Gramineae; Pastures and meadows: Aconitum, Alchemilla, Astragalus type, Bistorta major,
Campanula/Phyteuma, Cerastium, Gentianella, Knautia, Menta type, Odontites type, Pimpinella major/P.
saxifraga, Plantago lanceolata, Plantago media, Potentilla/Fragaria , Rhinanthus type, Saxifraga
hirculus type, Succisa pratensis, Trifolium pratense type; Xerophilous grasslands: Bupleurum falcatum
type, Centaurea jacea/C. stoebe, Centaurea scabiosa, Falcaria type, Glaucium corniculatum,
Helianthemum, Hypericum, Jasione montana, Lotus, Melampyrum, Orlaya grandiflora, Pulsatilla,
Scabiosa columbaria type, Securigera varia, Silene.
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hornbeam forests, and xerothermic oak forests by Pinus primarily growing on extremely rocky
sites (Ellenberg 1988). The relative proportions of particular tree taxa indicate the degree of
deforestation. Oak (Quercus) and hornbeam (Carpinus) are two important climax species in the
area of Prague (Moravec & Neuhdusl 1991). Their relatively low ratios in the pollen spectra
(below 5%; Fig. 2) reflect a high degree of deforestation. Moreover, very low pollen sums for
Carpinus could be due to the fact that this species grew on gentle slopes that were deforested
first. Low numbers of Fagus pollen and the relatively high proportion of Abies means that forest
management must have been intensive (for more about spreading of Fagus see Kiister 1997 and
Gardner-Willis 1999) but allowed the spread of Abies, which regenerates better in small openings
rather than large clearings. The pollen data thus supports the suggestion that Abies used to
flourish even in the lowlands strongly influenced by human impact, e.g. forest grazing (for more
about Abies supported by human impact see Malek 1980, Pokorny 2002, Pokorny 2003, Sadlo &
Pokorny 2003, Volatik 2006). Sites where Abies, Fagus and Picea may have grown together
were northern and north-western slopes or gullies with an inverse microclimate (Neuhduslova
1998). The closest such gully to the study site is Jeleni ptikop below the northern slope of Prague
castle hill. Relatively high ratios of monolete fern spores (Fig. 2) could be connected with these
shady forests, where ferns could have formed the undergrowth. Ferns also indicate the quite
natural character of these communities. The spores in the samples mostly lacked their perine,
which has a species- or at least genera-specific structure. Among the very rare complete spores
were those of Athyrium filix-femina, Dryopteris and one of Polypodium vulgare.

We conclude that all the tree species that formed the natural (or nearly natural) forest
vegetation in the Prague basin survived until High Medieval times. The species composition was
nevertheless influenced by intensive forest management, the degree of which is reflected in the
still relatively common Abies. The only dominant taxa of highly degraded forests are Pinus and
Betula (e.g. Sadlo et al. 2005), which is not the case at this site. The species spectrum of trees
with relatively balanced ratios in most of the samples indicates the fine vegetation mosaic in the
medieval landscape. The degradation of biotopes resulted in nearly natural plant communities
existing alongside highly degraded ones in a relatively small area. Shaded forests with Abies,
Fagus and Picea or scree woods with Tilia and Acer occurred close to oligotrophized forests with
a dominance of Pinus, Betula and Quercus.

Large numbers of Artemisia, Apiaceae, Brassicaceae, Chenopodiaceae and Fabaceae
pollen are common in sediments from medieval towns. These taxa were abundant and typical of
medieval streets (mainly Artemisia and Chenopodiaceae) or of weeds transported into sediments
together with Cerealia pollen (Greig 1982, Jankovskd 1991, 1997). Their role in the local
vegetation of the old river channel is discussed later. The main pollen grains in well-trodden

places, such as roads and paths, are those of Polygonum aviculare. They occurred over the whole
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time span at this locality, and not just in the samples from causeways (compare Fig. 2 with
Append. 2). Among the species of weeds during medieval times, Centaurea cyanus is one of
particular interest (Greig 1991). Like Secale cereale, there are comparable ratios of Centaurea
cyanus pollen in all the samples regardless of their age. This probably means that deep and
intensive tillage occurred commonly around Prague at least from the end of the 10th century up
to the High Medieval period (Greig 1982). Like Centaurea cyanus, other weeds identified in the
sediments of the old river channel are annuals, such as Adonis aestivalis, Agrostemma githago,
Aphanes arvensis and Scleranthus annuus, also adapted to intensive agricultural management.

The pollen of cereals (Cerealia) dominates the crop group. Secale cereale is thought to
have been more widely grown during the High Medieval period (Behre 1992, Jankovska 1997).
This is not obvious from the ValdStejnska street results, where Secale cereale pollen is relatively
equally represented in all the samples including the Early Medieval period (compare Fig. 2 with
Append. 2). Pollen analysis further indicates the growing of Cannabis sativa and Linum. The
growing of other crops is impossible to detect by means of pollen analysis, as they belong to
pollen types that contain more taxa or whole families (Table 2). Crops are better reflected by
macroremain analyses, which has already resulted in a list of cultivated or imported taxa for the
area of medieval Prague (Opravil 1986, 1994, Culikova 1998a, 1998b, 2001).

The ratio of pollen grains coming from wetland and aquatic plant taxa is relatively low in
general (Figs 2 and 3), indicating that these vegetation types were not dominant at the old river
channel site. Flood sediments contained a few pollen grains of Menyanthes trifoliata or spores of
Thelypteris palustris and Hottonia palustris, which prefer shaded pools. More eutrophic
conditions are indicated by Potamogeton and Alisma as well as wetland taxa such as Filipendula
ulmaria/F. vulgaris, Cyperaceae, Lythrum, Solanum dulcamara, Caltha, Valeriana officinalis
and Sparganium type.

In the overall pollen spectrum, there are a relatively high numbers of taxa of xerophilous
grassland (Fig. 2, Append. 1, 2). There were quite numerous findings of Pulsatilla, Centaurea
jacealC. stoebe, Hypericum, Helianthemum and Silene pollen. In a few isolated cases, there are
pollen grains of Centaurea scabiosa, Securigera varia, Lotus, Sanguisorba minor, Scabiosa
columbaria type, Echium vulgare, Sedum, Dianthus and Scleranthus perennis. It is likely that
these taxa formed a xerophilous community on the southern slope below the Prague Castle
(Kozdkova&Bohacova 2007 for details of this locality). Some of the taxa, such as Centaurea
jacea/C. scabiosa or Echium vulgare, can survive even in ruderalized biotopes within built-up
areas (Kubat et al. 2002).

Meadows and pastures are difficult to define on the basis of pollen indicators, as
particular pollen types very often include species with different ecological characteristics (for

examples see Table 2). Nevertheless, some of the pollen types are typical of mesophilous
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meadows: Plantago lanceolata and Plantago media, Campanula/Phyteuma, Cerastium, Knautia
and Saxifraga hirculus type. The pollen types Gentianella and Aconitum, together with Plantago
lanceolata, P. media and Calluna vulgaris indicate pastures (Greig 1982, Jankovska 1987,
Pokorny 2000, Kubat et al. 2002).

Among the non-pollen material are empty egg shells of the intestinal parasite 7Trichuris
trichiura. Their presence in the sediment reflects some faecal pollution. This endoparasite has
two hosts — man and pig — and its occurrence during medieval times was probably very common
(Greig 1982, Jankovska 1987). The relatively low number of egg shells found in the sediments in
the old river channel does not indicate that the localitywas used as a dump for faecal and other
rubbish (when compared with the pollen and macroremains in a High Medieval moat filled with
rubbish — Benes et al. 2002).

It is interesting that almost the whole flora found in medieval pollen spectra can still be
observed in the close vicinity of Prague, i.e. within approximately a 20 km circle around the city.
Among the non-arboreal vegetation, several taxa that were probably common in the past are
currently rare. Glaucium corniculatum, considered to be from the Mediterranean, is restricted to
the warmest parts of the Czech Republic (Dostal 1950). There was only one pollen grain of this
species in our samples (Append. 1), but its seeds are found, for instance, in sediments from
medieval Cracow (A. Bieniek, pers. comm.). It seems that this species used to be a common
weed even at higher latitudes. Several thermophilic species identified from flood loams are now
considered to be very rare taxa. One such representative from steppe communities is Orlaya
grandiflora, which is now restricted to the Palava region in S Moravia (Kubat et al. 2002). Of the
weeds, Turgenia latifolia is considered now to be extinct in central Bohemia, and Scandix pecten-
veneris/Caucalis platycarpos are both rare. All these rare weed taxa — Glaucium corniculatum,
Orlaya grandiflora, Scandix pecten-veneris/Caucalis platycarpos and Turgenia latifolia might
indicate vineyards (Ellenberg 1988). Thus their disappearance at this site could be due to the
absence of particular management to which these species are adapted. The alluvial environment
around the Vltava river must have been very different from that of today. The presence of species
preferring undisturbed shallow pools and wetlands, such as Menyanthes trifoliata, Hottonia
palustris and Thelypteris palustris, show that such biotopes existed close to the rising medieval

town.
3.2. Sediment types
Separating the pollen types characteristic of particular sediment types using multivariate

statistical analyses (Figs 4 and 5) helped in the identification of the taphonomical processes that
were important at this site and the interpretation of the local vegetation of the old river channel.
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Sediment type is a dominant factor structuring the data (Fig. 5). Sediment types were: flood
loams, cultural layers, and causeways deposits.

Most of the samples from ValdStejnska street come from flood loams (Fig. 2, Table 1).
All these samples are for the High Medieval period with only one exception, which is layer
number 1113 (Table 1). Pollen spectra originating from flood loams are rich in pollen of almost
all the trees (see Fig. 2, where AP pollen reaches even 50%), ferns, aquatic and wetland taxa,
some weeds and ruderals (Fig. 4). It is assumed that the pollen of non-alluvial trees originated
from remote areas. This is also likely for monolete fern spores and trilete moss spores. Their
connection with the alluvial environment is well illustrated by thein abundance, which abruptly
declines to zero (trees excluding Pinus and Betula) when the sediment changes to a brown peat-
like cultural sediment that must have been deposited locally (Fig. 2). It is likely that most of the
Alnus and Salix grew outside the town, since a bush of A/nus or Salix close to the sample site
would result in much more pollen (Fig. 2). Thus, the most of arboreal pollen together with moss
and fern spores were probably transported to the site by the river. When interpreting local
vegetation one must keep in mind that only a small part of the old river channel was sampled
(Fig. 1). Some wetland plants that produce little pollen and grew at a distance from the sample
site could be underrepresented or even absent in the pollen records. As mentioned above, aquatic
and wetland vegetation was rather scarce, restricted to pools and their surroundings, but included
demanding taxa such as Hottonia palustris and Menyanthes trifoliata (Fig. 6). The frequent
flooding of the site resulted in some parts of the surface of newly formed flood loams probably
remaining barren, covered only by tiny Anthoceros punctatus. The first successional stage on
newly deposited sandy loams is usually dominated by annuals, often weeds of arable land
(Ellenberg 1988). In our results they are represented by Matricaria type, Papaver rhoeas type,
Persicaria maculosa type and Chenopodiaceae. Nitrophilous perennials such as Urtica, Rumex
acetosa type or some species of Asteraceae-Fenestratae pollen type (Table 2) could form a rich
river bank vegetation, colonizing the bare spaces later than the annuals (Ellenberg 1988).

Cultural layers were deposited mostly on the top of flood loams and represent thus the
youngest deposits. Cultural layers are characterized by a low species diversity (Fig. 5). The
typical pollen spectra of cultural deposits are dominated by Cerealia pollen together with weeds
such as Centaurea cyanus, Consolida regalis, Scleranthus annuus and Spergularia. Other typical
taxa such as Vicia type, Rubiaceae, Convolvulus arvensis, Adonis aestivalis/A. flammea,
Anchusa/Pulmonaria or Trifolium pratense type may not be typical weeds, although all of them
include some weed species (Table 2). The close relationship between Gramineae and Cerealia
(Figs 5 and 6) is very important for the interpretation of the local vegetation at the study site. The
strong correlation suggests that the majority of Gramineae pollen belongs to weed or ruderal
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Fig 5. RDA analysis testing the role of environmental parameters, diversity and type of sediment.
Explained variability: (a) canonical axis: 8.3%, 4.9%, 2.6%; (b) noncanonical axis: 5.3%. Only species
having a ratio over 5% are shown. A correlation of three groups of taxa defined in Fig. 6 with the three
sediment types is evident: flood loams — group A, cultural layers — group B, causeways (paths) — group C.
That high diversity of group C is correlated with paths indicate how diverse the medieval town was; of
course pollen of many taxa does not belong to vegetation growing directly along a causeway. Paths are
also exclusively Early Medieval, which poses a question, to what degree is this diversity associated with
High Medieval town.

Abi — Abies alba, Acer — Acer, Adaest — Adonis aestivalis/A. flammea, Alchem — Alchemilla, Aln — Alnus,
Anther — Anthericum, Anthoc — Anthoceros punctatus, Api — Apiaceae, Artem — Artemisia, AstT — Aster
type, Bet — Betula, Brass — Brassicaceae, Bupl — Bupleurum falcatum type, Callu — Calluna vulgaris,
Camp — Campanula/ Phyteuma, Cann — Cannabis, Card — Carduus, Carp — Carpinus, Cency — Centaurea
cyanus, Cenj — Centaurea jacea/C. stoebe, Cens — Centaurea scabiosa, Ceras — Cerastium, Cereal —
Cerealia, Cerint — Cerinthe minor, Chenop — Chenopodiaceae, Cirs — Cirsium, Cons — Consolida regalis,
Conarv — Convolvulus arvensis, Coryl — Corylus avellana, Cyp — Cyperaceae, Dauc — Daucus carota,
Dian — Dianthus, DryoT — Dryopteris filixmas, Echi — Echium vulgare, Epiang — Epilobium angustifolium,
Euon — Euonymus europaea, Fag — Fagus sylvatica, Fallop — Fallopia convolvulus/F. dumetorum, Fenes —
Asteraceae-Fenestratae, Fern — monolete fern spore, Filip — Filipendula ulmaria/F. vulgaris, Franal —
Frangula alnus, Frax — Fraxinus excelsior, GalBal — Galeopsis-Ballota type, GenT — Gentiana
/Centaurium, GnapT — Gnaphalium type, Gram — Gramineae, Hede — Hedera helix, Heli — Helianthemum,
Herac — Heracleum sphondylium, Hott — Hottonia palustris, Hum — Humulus lupulus, Hyp — Hypericum,
Impat — Impatiens noli-tangere, MatriT — Matricaria type, Linum — Linum usitatissimum, Melam —
Melampyrum, MentT — Mentha type, Menya — Menyanthes trifoliata, Mercur — Mercurialis, Moss — trilete
moss spore, Odont — Odontites type, PaprhT — Papaver rhoeas type, Peppor — Peplis portula, Picea —
Picea abies, PersmT — Persicaria maculosa type, Pinus — Pinus sylvestris, Planlan — Plantago lanceolata,
Planma — Plantago major, Polavi — Polygonum aviculare, Pot — Potentilla/Fragaria , PrunT — Primus
type, Anch — Anchusa/Pulmonaria, Quer — Quercus, Ranac — Ranunculus acris type, Ribes — Ribes uva-
crispa, RhinT — Rhinanthus type, Rubi — Rubiaceae, Rubus — Rubus, Rumac — Rumex acetosa type, Salix
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— Salix, Scabcol — Scabiosa columbaria type, Scleran — Scleranthus annuus, Scleper — Scleranthus
perennis, Scroph — Scrophulariaceae, Secale — Secale cereale, Sed — Sedum, Spergia — Spergularia, Sold
— Solanum dulcamara, Soln — Solanum nigrum, Symph — Symphytum, Thali — Thalictrum, Thec —
Thecaphora, Tilia — Tilia, Trich — Trichuris trichiura, Trifp — Trifolium pratense type, Trifr — Trifolium
repens type, Ulm — Ulmus, Urt — Urtica, Valoft — Valeriana officinalis, VicT — Vicia type, Vicfam —
Viciaceae, diversit — diversity, cultlay — cultural layer, path — path/causeway, flood — flood loam.
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Fig 6. PCA analysis showing distribution of species. Explained variability: 10.7%, 6.3% and 4.8% for the
first three axis, respectively. Only species having a ratio of over 6% are shown. Three groups of pollen
types are distinct. The largest contrast is between the two environments separated on the first axis —
natural (A group) and cultural (B group). GroupA includes trees, aquatic and wetland taxa and some
weeds and ruderals. The whole group is connected with the alluvial environment where long distance
transport and pollen rain from local vegetation is important. Group B includes above all cereals and
weeds. This group represents the environment of cornfields. GroupC includes many taxa of dry sunny
biotopes, both ruderal and natural. It represents the diverse environment of a town where many
taphonomical processes formed the pollen spectrum. See Fig. 5 for species codes.

species. Thus reeds (Phragmites australis is included in the Gramineae pollen type) were not an
important component of the vegetation of the old river channel. Pollen grains dominating in the
cultural deposits belong to an allochthonous human component (Greig 1982), which originated
mostly from corn fields.The majority of the Cerealia pollen present in flood loams (see Fig. 2)
must have been washed down from the streets where grain was threshed and manipulated in
general (including consumption, since whole pollen grains can pass through the digestive tract;

Jankovska&Kratochvilova 1988). The same is true for the pollen of Polygonum aviculare or egg
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shells of Trichuris trichiura. Thus, indicators of the cultural environment (town) can be detected
even in natural flood deposits (Fig. 2), which is expected since the old river channel formed part
of the boundary of the rising medieval town. A set of samples from Early Medieval sediments
deposited in causeways (Table 1). This sediment type is characterized by a great diversity of
species (Figs 5 and 6). Pollen types typical of this sediment belong to taxa of both ruderal and
relatively natural biotopes associated with dry sunny sites. Typical ruderals are Artemisia,
Fallopia convolvulus/F. dumetorum, Epilobium angustifolium, Plantago major and possibly even
Brassicaceae, Apiaceae (Greig 1982), Cerinthe minor, Trifolium repens type, Cirsium (if we
consider Cirsium arvense), Matricaria type and Galeopsis-Ballota type. Ecologically different
are the taxa associated with steppe vegetation. These are above all Helianthemum, Centaurea
scabiosa, Hypericum, Sedum, Scabiosa columbaria type and Melampyrum. The fact that the
presence of Melampyrum 1is not correlated with that of deciduous trees (expecially Quercus and
Carpinus as the dominant taxa of the Melampyro-Carpinetum association; Moravec & Neuhdusl
et al. 1991) possibly indicates that the pollen grains were mainly of Melampyrum arvense.
Species such as Centaurea jacea, Scleranthus perennis and Echium vulgare originated from
natural xerophilous communities, but can survive even after some degradation of the biotope.
Pollen grains of Acer and Prunus type, unlike that of other tree taxa, probably did originate from
local sources (Fig. 5). Acer belongs to a species the branches of which were used as a fodder for
cattle (Greig 1982). Causeways represent an environment that is in contact with many other
environments. There must have been bushes of ruderals growing alongside the paths, along
which the cattle were driven to market or pasture (possible source of pollen of pasture vegetation
from dung), and goods and materials, including harvested crops and hay, were transported into
town. A causeway is in general an environment by means of which a town communicates with
the countryside. Figure 4 presents the distribution of particular samples (PCA analysis). Samples
from flood loams and cultural layers formed distinct groups while the samples from causeways
are less distinct. This can be accounted for in terms of how the sediment sampled from causeways
originated; the initial layer of flood loam was stabilized by stones, and the sediment between the
stones subsequently enriched with organic material in an accidental way. Moreover, in the case of

causeways only seven samples were compared, which is statistically a very low number.

3.3. Development of the site in time

The pollen spectra span approximately five centuries. It is not possible to claim that vegetation
over this period did not change. The results indicate three typical pollen spectra characterizing
three sediment types. In terms of the taphonomical processes that formed these pollen spectra,
itwould be very difficult to interpret the results diachronically.On the other hand, all three
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sediment types were deposited quite independently at different times — first, the causeways, then
flood loams and finally the cultural layers (Table 1). This means that the dissimilarities in the
three pollen spectra are also related to time. Nevertheless, for the interpretation the environmental
development at the site and its surroundings it is important to consider sedimentology.

There were three different phases in the sedimentology and archaeology of the study site.
(1) In the Early Medieval period, the old river channel was part of an inhabited area. The Vltava
river did not flow through the site any more (Hrdlicka 2001). The evidence for this are the Early
Medieval causeways crossing the old river channel. The not-very-thick flood loams separating
them indicate that each causeway had to be rebuilt after each flood. (2) Construction of weirs on
the Vltava river in the second half of the 13th century resulted in very destructive floods that
filled the old river channel with thick layers of loams and sand. The previous flood plain was
abandoned (Hrdlicka 1972, 1984). (3) The site of the old river channel was levelled and on the
top of the flood loams cultural sediments accumulated. As early as the 15th century, people
probably contributed to levelling the ground in order to incorporate it into a built-up area (J.
Cihakova, pers. comm.). This development of the locality will be better documented when the
archaeological analysis is completed.

Vegetation of the old river channel could have differed during these three phases, even
though there is no strong indication of this in the pollen spectra. It is wrong to focus on local
vegetation, because pollen grains of weeds and ruderals in particular could have multiple origins
as discussed above. Thus, one of the important conclusions of this study is that the information
value of the pollen analysis is not sufficient to indicate accurately the character of the local
vegetation. During the first phase, the role of annual weeds in the initial stage of succession was
probably less important and nitrophilous perennials probably dominated. The same is true for the
third phase, when the vegetation on the river banks, naturally developing into later successional
stages (Ellenberg 1988), changed to ruderal vegetation as nutrients were added by man. Although
the species spectra during this process may have remained very similar, some increase with
eutrophication is evident from the growing abundance of weeds and ruderals (Figs. 2 and 3),
Trichuris trichiura (Fig. 2) and the slightly lowered pollen diversity curve in the upper part of the
profile (Fig. 3). Moreover, if the youngest pollen spectra from the cultural deposits are compared
with the oldest pollen spectra from causeway sediments, that are also of cultural origin to a great
extent, the decrease in species diversity is obvious and negatively correlated with cultural layers,
1.e. the youngest strata (Fig. 5). To test this statistically a larger data set is needed, especially for
the Early Medieval period.
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Souhrn

Zéachranny archeologicky vyzkum ve Valdstejnské ulici v Praze odkryl povodiiové sedimenty
slepého ramene Vltavy, které byly naplaveny v pribéhu sttedovéku. Pro pylovou analyzu byl
odebran vrtany profil povodilovymi sedimenty a déale byly ovzorkovany jednotlivé odkryté
archeologické vrstvy povodiiovych a kulturnich horizont. Celkové Casové rozpéti zachycené
pylovou analyzou odpovida dobé¢ od zavéru 10. do 15. stoleti. Unikatni soubor vzorkt ze tii typt
sedimentli (povodnové hliny, kulturni uloZeniny a sediment deponovany na povrchu cest) byl
vyhodnocen pomoci mnohorozmérnych statistickych metod. Strukturu dat do velké miry urcuje
charakter sedimentu, nejvice kontrastni jsou dvé skupiny — druhy s vazbou na povodnové
naplaveniny (pfevazné dieviny, vodni a nitrofilni druhy) a druhy charakteristické pro kulturni
vrstvy (obilniny a jiné plodiny, travy a plevele). Prostfedi vedlej$iho ficniho koryta bylo silné
ovlivnéno povodnémi zejména po stavbé pevnych jezli na Vltavé v poloving 13. stoleti. Vegetace
meéla charakter ¢asnych sukcesnich stadii ruderalti a plevelt, které se uplatiovaly i1 v prostredi
okolniho mésta. Vétsi rozsifeni moktadnich spolecenstev (rakosin ¢i ostficovych porostll) pylova
analyza vyvratila, v prostoru byvalého fi¢niho koryta vSak zGstavala fragmentovand mokiadni
vegetace s pomérné vzacnymi druhy jako Menyanthes trifoliata, Hottonia palustris a Thelypteris

palustris.
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Appendix 1. Percentage diagram of infrequent pollen types
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Appendix 2. Percentage representation of pollen types identified in archaeological layers. &Causeway,
OCultural layer, OFlood sediment. See Table 1 for details on layers. Percentages were counted from the
sums of pollen given in the bottom row.
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Abstract

Abstract In the 12th and 13th centuries, the land which is now the Czech Republic underwent
deep social and landscape changes, defined by historians and archaeologists as a transitional
period between the early and late medieval periods. This study aims to analyze this transition
as reflected by 142 pollen spectra from urban deposits so far excavated in the city of Prague.
Multivariate statistics and critical assessment of the results has brought general conclusions
on the potential of pollen analysis for urban archaeological research. They reveal an early
medieval urban environment as a fine mosaic formed by extensive management, and
composed of many habitats without sharp borders between them. Since human impact
increased with time and the use of land became more rationalized and intensive, this mosaic
developed a relatively coarser structure in the high medieval period. Our results support
findings of the earlier subjective and uncertain characteristics of two differing types of
medieval pollen spectra (Cerealia-dominated ones with low pollen diversity versus those with
a higher proportion of arboreal and wild herbal pollen and high pollen diversity) obtained

from various archaeological sites.

Keywords: Early medieval, High medieval, Urban archaeobotany, Archaeological layers,

Pollen taphonomy, Multivariate statistics
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1. Introduction
1.1. Archaeology of Medieval Prague

Prague (Praha) is situated in the centre of Bohemia, in a basin formed on both banks of the
river Vltava. The settlement history of early medieval Prague has been mainly studied from
archaeological excavations, as the first written sources only date from the tenth century.
However, there is no general consensus about the beginnings of local early medieval
settlement there. Some excavations have shown human activity in Malé Strana (Lesser Town)
as early as the eighth century (Fig. 1). During the ninth century, Prazsky hrad (Prague Castle)
was gradually established as the seat of the ruling Czech duke. By the tenth century there
already existed a fortified settlement over an area of 35 ha directly below Prague Castle. A
few other villages spread to the south, west and east of this fortified agglomeration (Cihdkova
and Havrda 2008). The detailed structure and organization of early medieval settlement on the
left bank of the Vltava is not yet clear. So far we can only guess from some excavated foot-
paths and the remains of non-agrarian activities such as the production of iron ore, which
could have been mined at Mala Strana in the close vicinity of the settled area (Havrda et al.
2001).

Until the end of the tenth century, the settlement which was to become Prague was
spread solely on the left bank of the Vitava. The opposite bank originally served as a place for
funerals and by the end of the tenth century it started to be used by ironworkers. At the same
time, the VySehrad castle was established here. Archaeological excavations on one of the
former river islands have found an early medieval field close to a village (Hrdlicka 1972). In
the twelfth century Prague grew into a large settlement and finally into a high medieval town.
It had two castles and was built from wood, clay and sometimes stone. There was a stone
bridge connecting the old centre of Prague with a yet unfortified part of the town on the right
bank where the main market at the place of present-day Staromé&stské namésti (Old Town
Square) was situated. The thirteenth century brought many radical changes that gradually
affected the whole country and hence are referred to as the Great Medieval Change (Klapsté
2006). During this time Romanesque Prague, which had so far developed spontaneously, was
transformed into a Gothic town with a strictly organized structure.

Closely connected with the interpretation of pollen spectra from urban deposits is the
matter of waste disposal. The character of anthropogenic urban deposits reveals much about
the approach of the inhabitants towards their environment. There are two distinct types of
urban anthropogenic strata, differing in their type of deposition—an older, unorganised type
and a later, regulated one. The transition between them follows the transformation of early
medieval Romanesque Prague into a high medieval Gothic city (Hrdlicka 2000a). In the first
phase, waste was deposited in the form of cultural layers in backyards; in the second phase,

deep pits for rubbish were dug instead and also many old wells or sand pits were re-used for
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waste deposition. An alternative was to throw waste over the town walls. The deliberate and
organized treatment of street surfaces and routes started only in the second third of the
fourteenth century (Ledvinka and PeSek 2000). From then on, streets were paved and
regularly cleaned. During the fourteenth century, the streets of Prague acquired their final

structure—one that is still the same in today’s city centre.

PRAGUE

CASTLE S
o~ 11
3

10,15
14
12 O
LESSER
TOWN

Prague.

Fig. 1. Map of Prague with old settlement zones marked. Points show archaeological sites from which
pollen data were used in this study. Numbers of sites correspond to numbers in Table 1. Prague castle
— Prazsky hrad, Lesser Town — Mala Strana, Old Town — Staré Meésto, New Town — Nové Mésto,
Vysehrad — VySehrad.

1.2. Urban pollen analysis

The study of continuous profiles through natural sediments that contain a record of a
relatively long time-span, aiming at the reconstruction of past landscapes, can be considered
as the traditional methodological basis for pollen analysis. Peat and lake deposits are then the
material of choice. Under such circumstances, pollen analysis has a more or less adequate
spatial and taxonomic resolution. Pollen analysis as a part of archaeobotanical research has a
different position, as the expectations are fundamentally different. Urban archaeobotany is

mostly connected with deposits made by humans that were formed over relatively short time
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periods. It is mostly focused on some special problems concerning human subsistence and
these are usually successfully resolved by the analysis of macroremains as a rule (Jacomet
1994; Karg 1995; Hellwig 1997; Rdosch 1998; Borojevi¢ 2005; Ruas 2005 and many others).
Even though some papers point out the value of pollen analyses in connection with questions
relating to past diet (for example Kalis et al. 2005), the role of pollen analysis in such research
remains a subsidiary one compared to the analysis of plant macro-remains.

A bigger random component is one aspect in which the taphonomy of microscopic
pollen grains is different from seeds and fruits (Greig 1982; Schofield 1994). Also, taxonomic
problems play an important role as pollen types often include groups of species which differ
in ecological characteristics. On the other hand, some non-pollen microscopic objects
preserved in pollen samples, such as ova of intestina parasites, can yield interesting
supplementary information (Kalis et al. 2005; Wiethold 1999, 2000a, b, 2001).

Owing to the above-mentioned problems, it is obvious that the potential of pollen
analysis as a sovereign part of archaeobotanical research of urban deposits is not yet clear—
and this is what we would like to address in this paper. To this end, we use an example from
historical Prague, the present-day capital of the Czech Republic. We believe that a critical
assessment of our data set should result in some general conclusions concerning the potential
of pollen analysis for use in urban archaeological research. We should be able to see how
sensitive pollen analysis can be and what aspects it can reveal. Once known, we should be

able to give some advice leading to improved sampling and research strategies.

1.3.Vegetation background

Although situated in a lowland valley, the area of Prague city is highly diverse in terms of its
bedrock, soils and morphological relief. Without human influence, the local vegetation would
be mixed deciduous woodland with dominant Quercus petraea, Q. robur, Carpinus betulus,
Tilia cordata and T. platyphyllos. Among other tree taxa could be mentioned Acer
pseudoplatanus, A. platanoides, Ulmus glabra, U. minor, U. laevis, Fraxinus excelsior, Alnus
glutinosa, Prunus padus, Betula pendula and Pinus sylvestris (Moravec and Neuhéusl 1991).
Fagus sylvatica, Abies alba and Picea abies could grow primarily on northern slopes or in the
bottom of narrow valleys. The area of Prague has many places where secondary biotopes of
xerophilous grasslands mainly belonging to the Festuco- Brometea class could develop. Other
common non-arboreal vegetation would be mesophilous or wet meadows and pastures with
taxa more recently belonging to the orders Arrhenatheretalia and Molinietalia (Ellenberg
1988).
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2. Materials and methods

2.1. Pollen data-set from Medieval Prague

In the city of Prague there are several archaeological sites where pollen analyses have been

performed and where particular researchers have striven to draw a picture of the local

environmental and vegetation conditions (Jankovska 1987, 1991, 1997; Pokorny 2000; Benes

et al. 2002; Kozakova and Pokorny 2007; Kozakova and Bohacova 2008). This effort has so

far been rather unsystematic, each particular study site being considered in isolation from the

others. Moreover, the interpretation of pollen data has always been somewhat subjective.

Here we would like to study a data set from Prague as a whole, consisting of 15 sites and 142

samples, using multivariate statistics. We ask the following questions:

— What feature or factor causes the largest differences between samples?

— Are there any specific pollen spectra for particular archaeological contexts?

— Are social and cultural changes that happened in Prague during the thirteenth century
somehow reflected in the composition of pollen spectra?

— Does pollen diversity change with time?

The analyzed data set includes samples from various archaeological sites and contexts
(Table 1). In some cases, the exact character of excavated layers was unclear and it
therefore remained unspecified. Since all the analyzed data comes from the authors of this
paper, their original data were used in most cases. The pollen data set from Prague includes
76 early medieval samples dated before the thirteenth century and 66 samples of late medieval
age (Table 1). Thus both the very early and later phases of the town’s development are well
represented. The list of main pollen taxa identified in analyzed samples is included as a
legend to Fig. 2. The nomenclature of plant taxa follows Kubat (2002). Pollen types were
defined and modified according to Moore et al. (1991), Reille (1992), Beug (2004) and Punt

(1980). Pollen nomenclature respects the following conventions:

l. The name of a pollen type is identical to a taxon name (of any rank) if the pollen type
represents this taxon and no other. Examples: Centaurea cyanus, Salix, Cyperaceae.

2. The name of a pollen type has the suffix ‘type’ if it could represent a taxon or taxa
other than the taxon mentioned in the pollen type. Examples: Triforium repens type,
Aster type. In this case pollen types include taxa according to Beug (2004).

3. The name of a pollen type representing two taxa only consists of both taxon names
separated by a slash. Examples: Sambucus nigra/S. racemosa.

4. All these pollen-morphological considerations are restricted to taxa occurring at
present in the Czech Republic and within an altitude corresponding to the studied

locality (Prague basin in the Czech thermophyticum, up to approximately 300 m asl.)
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Number

of Pollen Source of
Site Archaeological analysed analysis pollen
number Site name Publication Archaeological dating context samples made by data
15th or a turn of 15th and 16th Original
1 Olivova ulice  Starec 2000c cent. Infilled pit 6 Jankovska data
Dragoun 1984, Jankovska
2 U Radnice 1988 Middle of 15th cent. Infilled pit 6 Jankovska 1987
Vaclavské
nameésti Original
3 1282/11 Starec 2000a Turn of 14th and 15th cent. Infilled well 2 Jankovska data
Dump site layers Original
4 Na Piikopé Benes et al. 2002 Turn of 14th and 15th cent. infilled moat 16 Pokorny data
Original
5 Klementinum Havrda 2000, 2001  Turn of 13th and 14th cent. Infilled pit 1 Jankovska data
Original
6 Ungelt 630 Richterova 1998a,b  Turn of 13th and 14th cent. Bottom of well 1 Jankovska data
Alsovo Original
7 nabfezi Starec 1998, 2000b  From 12th up to the 16th cent. Dump site 10 Jankovska data
Tynsky dvir Hrdlicka 1990b, Original
8 1049/1 2000 Second third of 13th cent. Unspecified 5 Jankovska data
Hrdlicka 1990a, From second half of 12th to Jankovska
9 Tynsky dvir 1998 first third of 13th cent. Drainage ditch 3 Jankovska 1991
Infilled moat (6
Turn of 14th and 15th cent. (6 samp.), path
samp.); turn of 13th and 14th deposits (6),
Malostranské cent. (2), 11th cent. (1), 10th cultural layers
namesti cent. (1), 9th century (5 ); turn (5), unspecitied Original
10 260/I11 unpublished of 9th and 10th cent. (11) 9) 26 Kozakova data
End of 10th cent. (8 samp.); Cultural layers
Valdstejnska from middle of 13th to 15th (10 samp.), path Original
11 ulice unpublished cent. (8 samp.) deposits (6) 16 Kozékova data
Trzisté Cihakova 1995, Jankovska
12 259/111 1996 Turn of 10th and 11th cent. Unspecified 19 Jankovska 1997
Bohacova (ed.) Original
13 Prazsky hrad 1998 First half of 10th cent. Cultural layers 9 Kozékova data
Mostecka Cihakova  1998a, Original
14 ulice 1998b Turn of 9th and 10th cent. Unspecified 19 Jankovska data
Hartigovsky Original
15 palac unpublished Turn of 7th and 8th cent. Cultural layers 3 Kozakova data

Table 1 List of sites included in statistical analyses

2.2. Data analyses

The pollen data set from medieval urban deposits in Prague was processed by multivariate
statistical methods with Canoco (Lep$ and Smilauer 2003). Principle component analysis
(PCA) was used to show the independent distribution of the pollen taxa. The influence of
three environmental variables—archaeological context, age and pollen diversity—was

investigated using redundancy analysis (RDA). Data were transformed by the square roots
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method, and standardized over taxa and samples in order to strengthen the role of rare taxa
and equalize the impact of pollen sums counted. To reduce the effect of the low number of
samples compared to the number of variables, taxa with extremely low ratios (mostly one
pollen grain per sample) connected with rare occurrences (not more than in five samples)
were excluded from the database.

The analyzed samples were derived from sites where the archaeological research had a rescue
character. For this reason, samples were dated archaeologically, which due to the lack of time
often resulted in greater date ranges. For statistical analysis, it was necessary to use a single
date— derived as the mean value of each particular age range given in Table 1. The pollen
diversity coefficient was derived from the results of Rarefaction Analysis using the Polish
palynological program, POLPAL (Nalepka and Walanus 2003).

3. Results

The data set includes 142 samples and 97 taxa which resulted in relatively low percentages of
overall explained variability by the first three axes of the PCA plot (Fig. 2). Our recent
database consists of data that are highly diversified. This is why a greater number of analysed
samples would be needed to get stronger statistical results. In the case of direct multivariate
analyses (RDA), the F values are relatively high when testing the roles of age and diversity.
Archaeological context turned out to be a less strong factor. This is primarily caused by
unequal representation of particular archaeological contexts (see Table 1) and by the
distribution of a relatively small number of samples among many environmental variables.
Bearing in mind these problems of our database, we are sure that the statistics described all
the major trends in the data set that were evident even from preliminary subjective evaluations
of the pollen results.

A dominant feature that repeats in all data visualizations (Figs. 2, 3, 4, 5) is the
contrast between anthropogenic and natural pollen spectra. Strong anthropogenic impact is
represented by pollen from crops and weeds—Cerealia, Chenopodiaceae, Centaurea cyanus,
Brassicaceae, Arctium or Viciaceae. The pollen of imported plants such as Myrtus/ Eugenia
type, Oleaceae or Fagopyrum also belongs to human-induced spectra. The same is true for the
empty ova of parasites indicating some faecal pollution of analyzed sediments—7richuris and
Ascaris. The correlation of Calluna vulgaris with all these pollen types probably shows that
this dwarf shrub was collected and used for some special purpose in medieval households.

The extremely non-natural character of the pollen spectra gradually changes into a
relatively natural one as expressed by the arrow in the PCA diagram (Fig. 2). Samples
between these two extremes are characterised by the presence of quite special weeds such as
Nigella arvensis or Valerianella. In the same spectra, some pollen types can originate from
grazed thermophilous vegetation— Eryngium, Falcaria type or Carduus. Apiaceae pollen

type may include plants growing in both natural and synanthropic biotopes which is a good
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reason for being in the middle of this gradient. Other ‘‘transitional’’ taxa are Campanula,
Centaurea jacea/C. stoebe, Reseda, Cirsium, Sambucus and Acer. Their pollen certainly
belongs to plants that could have grown on human-influenced sites within the interior of the
town. A special case is apparently Acer; the large numbers of its pollen grains in some
samples are striking (Kozakova and Pokorny 2007). In these cases we may have expected
something other than pollen of wind-blown origin: leafy branches (together with the flowers)
might have been brought to the site for cattle fodder (Greig 1982). This interpretation seems
to correspond well with the relatively weak correlation of Acer with other trees (Fig. 2).
Samples bearing more natural pollen spectra are always relatively rich in arboreal
pollen. In these samples pollen of Pinus, Abies, Betula, Corylus, Alnus and partly of Fagus is
rather ubiquitous. On the other hand pollen of Tilia, Fraxinus, Salix, Prunus type and partly
also of Quercus and Carpinus occurs in samples often together with various herbal pollen
taxa indicating relatively natural biotopes such as Filipendula, Cyperaceae, Melampyrum,
Thalictrum, Pulsatilla, Hypericum, Valeriana officinalis, Potentilla/Fragaria, Helianthemum
etc. In contrast, vectors of the former group tend towards the non-natural pole together with
Alchemilla, Rubiaceae, Plantago major/P. media, Gramineae, Centaurea scabiosa and
Artemisia pollen types (Fig. 2). Key non-arboreal pollen taxa that give a more natural
character to the pollen spectra are representatives of xerophilous grasslands—~Helianthemum,
Pulsatilla, Sedum, Hypericum, Melampyrum, Potentilla/Fragaria and Odontites, and also taxa
from wet habitats—Filipendula ulmaria/F. vulgaris, Humulus/Cannabis, Cyperaceae,
Solanum dulcamara and Thalictrum cf. flavum. These are correlated with certain weeds like
Cerinthe, Anchusa/Pulmonaria, Adonis aestivalis/A. flammea, Solanum nigrum and
Matricaria type, and with ruderal or meadow taxa such as Galeopsis/Ballota type, Veronica
type, Mentha type, Rumex acetosa type, Cerastium, Scrophulariaceae, Trifolium repens type,
Trifolium pratense type and Plantago lanceolata. Amongst typical ruderals, Urtica and
Polygonum aviculare occur in samples often together with the above mentioned pollen types.
The positions of pollen types on a gradient from strongly human-induced to more natural
deposits are similar on the RDA diagram that shows the archaeological context of analyzed
samples (Fig. 3). Here the more natural pollen spectra are derived from cultural layers and
partly from path deposits and from an unspecified archaeological context. More human-
induced spectra have pollen of Secale cereale, Cerealia, Fagopyrum, Scleranthus annuus,
Centaurea cyanus, Myrtus/Eugenia, Oleaceae and Brassicaceae and are typical of the infills
of dump sites, moats, drainage ditches and pits (Fig. 3). The same applies to Chenopodiaceae
and Alchemilla, which could be a part of the local vegetation accompanying these sites. In
accord with the waste character of such sediments, the ova of the intestinal parasite Trichuris
are also present. The correlation of Calluna vulgaris pollen with pits again points towards
some special use of this plant in medieval households. Waste deposits are further correlated
with monolete spores belonging to ferns, Lycopodium clavatum, Anthoceros punctatus and

also with the sporangia of the parasitic fungus Thecaphora. Pollen spectra rich in the pollen of
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Fig. 2. PCA analysis showing distribution of taxa on first two axes. Explained variability by first three
axes is 12.1, 6.1, 5.0%, respectively. The arrow expresses a gradient from highly human-induced
pollen spectra to more natural ones. Abi-Abies alba, Acer-Acer, Adon-Adonis aestivalis/A. flammea,
Alch-Alchemilla, Aln-Alnus, Anch-Anchusa/Pulmonaria, Anthoc-Anthoceros punctatus, Api-
Apiaceae, Arcti-Arctium, Artem-Artemisia, Aster-Aster type, Asc-Ascaris, Astrag-Astragalus, Bet-
Betula, Brass-Brassicaceae, Bupl-Bupleurum falcatum type, Callun-Calluna vulgaris, Camp-
Campanula/Phyteuma, Card-Carduus, Carp-Carpinus betulus, Cenc-Centaurea cyanus, Cenj-
Centaurea jacea/C. stoebe, Cens-Centaurea scabiosa, Ceras-Cerastium, Cereal-Cerealia, Cerint-
Cerinthe minor, Chen-Chenopodiaceae, Cirs-Cirsium, Cons-Consolida regalis, Coryl-Corylus
avellana, Cyp-Cyperaceae, Ering-Eryngium, Fag-Fagus sylvatica, Fagop-Fagopyrum, Falc-Falcaria
vulgaris type, Fenes-Asteraceae-Fenestratae, Filip-Filipendula ulmaria/F. vulgaris, Frax-Fraxinus,
GalB-Gualeopsis-Ballota type, Gram-Gramineae, Hede-Hedera helix, Heli-Helianthemum, HumCan-
Humulus/Cannabis, Hyp-Hypericum, Lycclav-Lycopodium clavatum, Matr-Matricaria type, Melam-
Melampyrum, Men-Mentha type, monsp-monolete spore, Myrt- Myrtus/ Eugenia typ, Niga-Nigella
arvensis, Odon-Odontites, Oleac-Oleaceae, Paprh-Papaver rhoeas type, Pinus-Pinus sylvestris, Planl-
Plantago lanceolata, Planm-Plantago major/P. media, Polavi-Polygonum aviculare, Pote-
Potentilla/Fragaria type, Prun-Prunus type, Puls-Pulsatilla, Quer-Quercus, Ranfam-Ranunculaceae,
Ransc-Ranunculus sceleratus type, Resed-Reseda, Rosfam-Rosaceae, Rhin-Rhinanthus/Euphrasia,
Rubi-Rubiaceae, Rumac-Rumex acetosa type, Rumaq-Rumex aquaticus type, Salix-Salix, Samb-
Sambucus nigra/S.racemosa, Scab-Scabiosa, Sclerann-Scleranthus annuus, Scroph-Scrophulariaceae,
Sec-Secale cereale, Sed-Sedum, Soldul-Solanum dulcamara, Solnig-Solanum nigrum, Tilia-Tilia,
Thali-Thalictrum, Thec-Thecaphora, Trichur-Trichuris, Trifp-Trifolium pratense type, Trifr-Trifolium
repens type, Urti-Urtica, Valla-Valerianella, Valoff-Valeriana officinalis, Ver-Veronica type, Vic-
Vicia type, and Vicfam-Viciaceae
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2.5; P = 0.002. pit infilled pit, dump dump site, moat infilled moat, drain sediment from drainage
ditch, unspec unspecified character of archaeological layer, path deposit from a path, cult cultural
layer

©
o i Brass Cenc
- | Fagop .
- . am i
R Rosf }jtlcer Ca,ghm richur
osfa ; 4
oo Prun Ce hec
. Cirs Sold
i Salix Poa}% h Frax
- en o, .
Tilia P! TP
edae 5
CTOp .[_3?”
ilip” =
L tsterScab
HumCa
Melam —
Plani Plan ’/’ﬂ%'
Cens Quer Bumac
] Bet 3
Giiam
; Cereal
1

-0.8 1.0

Fig. 4. RDA analysis testing the impact of pollen diversity and age. Cumulative explained variability:
(a) canonical axes: 6.7%, 9.9%; (b) noncanonical axis 15.8%. Significance of canonical axes together:
F =7.4; P =0.002. diversit pollen diversity, age mean value of an interval dated archaeologically (see
Table 1)

100



Chapter 3

o0)]
o |
'Cenj
Em':l,g esed
Callun  Ivaiia Niga Api
Brass Fale ‘|
y l‘. i‘l‘
My T9EOP m Ver Meén N
) Oleac i Bupl Helis fOP Tilia
Acer|| Phls Cirs Hede
Odol L) un aliv
Trich ¥ )
richur r Sa ' ‘/ flly, BR:’:I,
Cenc \ ag ) .‘I‘J‘, / h j Scroph
Lyeclay :‘ ] R /, Scab J———
Areti . \ j // Va[ﬁ' -
€ \ Melam
e ngp,,g‘?ﬂs,,
Chen -Rumac
E—— 28 Planl
) Bet
- Planm Fgg
Fengs | Abi
o Cereal Coryl
' ' Gram

Fig. 5. RDA analysis testing the impact of age. Cumulative explained variability: (a) canonical axis:
5.9%:; (b) noncanonical axis 13.0, 18.0%. Significance of canonical axes together: F = 8.6; P = 0.002

trees, shrubs and taxa growing on meadows and pastures come from cultural layers and partly
from path deposits and from unspecified archaeological contexts (Fig. 3).These sediments
must have had some input from hay or the dung of cattle that grazed somewhere around the
town. In contrast to sites where waste was intentionally thrown away, these sediments were
deposited rather by chance. They thus yield much more complex information about the plant
taxa and biotopes that were a part of the vegetation within and around a settled area.

There is a significant difference between the early and high medieval pollen spectra
(Fig. 5) and at the same time pollen diversity is negatively correlated with age (Fig. 4).
Woodlands are generally better represented in early medieval samples. The main non-arboreal
pollen types characteristic of early medieval samples are Melampyrum, Centaurea scabiosa,
Potentilla/Fragaria, Scabiosa, Humulus/Cannabis, Filipendula ulmaria/F. vulgaris,
Valeriana officinalis, Mentha type, Hedera helix, Helianthemum, Hypericum, Rhinanthus
type and some others. Negatively correlated with age are also several representatives of the
common synanthropic flora—Plantago lanceolata, Plantago major/P. media, Rumex acetosa
type, Artemisia, Fallopia convolvulus/ F. dumetorum, Aster type, Galeopsis/Ballota type or
Apiaceae. Here it probably means that these taxa have higher ratios in older sediments. A
reliable indicator of high medieval deposits is the presence of Centaurea cyanus pollen grains

(Figs. 4, 5). As cereals probably remained the main source of nutrition throughout the whole
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medieval period, its correlation with increasing age is not strong. Generally, it can be inferred
that pollen taxa correlated with a high medieval age are the same as those correlated with a
lower pollen diversity and from deposits of a waste character (Figs. 3, 5). These are again
Brassicaceae, Chenopodiaceae, Fagopyrum, Arctium, Calluna vulgaris, Eugenia/Myrtus,
Oleaceae and such nonpollen objects as Lycopodium clavatum, Trichuris, Thecaphora and

monolete spores of ferns.
4. Discussion
4.1. Pollen analysis of urban anthropogenic deposits in general

Compared to plant macroremains, pollen can be better transported by air and its taphonomy is
generally more ‘‘fuzzy’’. It is often the case that numerous taxa belonging to meadow and
pasture vegetation leave only their pollen grains but no seeds or fruits in analyzed sediments
(Wiethold 1999, 2000a, b, 2001; Kozakova and Bohacova 2008). It is for this reason that we
think that all components of pollen spectra can be considered at much more of a ‘‘landscape
level’’, in contrast to plant macroremains. Of course, the ratios between the revealed pollen
types do not correspond to the ratios found in real vegetation, which is the main problem that
pollen analysis from cultural deposits must face. Due to the complicated human-induced
taphonomy, the modern analogue approach (Sugita 1994; Sugita et al. 1999; Bunting et al.
2004; Brostrom et al. 2005; Court-Picon et al. 2005) can be hardly applied here. Hence when
interpreting these pollen spectra we have to gain as much as possible from qualitative
information.

It can be reasonably argued that such research is better performed from an off-site
natural profile and not from particular cultural layers. Unfortunately, it is rarely possible to
find a natural sedimentary record in the form of peat or lake sediments containing pollen
grains within or very close to the studied urban agglomeration in question (Seppd 1997;
Newman et al. 2007). When reconstructing the vegetation of an urban environment by means
of pollen analysis we must settle for archaeological layers due to the above-mentioned
problems.

There is no doubt that analysis of macroremains can also say much about the
environmental conditions prevailing in a town (Culikova 1995; Latalowa et al. 2003;
Vermeeren and Gumbert 2008) and the use of both methods together will provide the best
results (Vuorela and Lempidinen 1993; Latatowa 1999; Wiethold 1999, 2000a, b, 2001).
Nevertheless, this paper has aimed to throw some light on the potential of pollen analysis by
itself. Moreover, there are no complete plant macroremains data sets for the sites analysed in
this article.
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4.2. Pollen data set from medieval Prague

In the case of our data from Prague, we have to face up to the risk of making a circular
argument. We have studied pollen spectra from early medieval anthropogenic deposits and we
can generalize that they always contain many pollen types indicating relatively natural
biotopes. At the same time, early medieval strata are always less defined so that we call them
mostly ‘‘cultural layers’’. We anticipace that in the case of such ‘‘cultural layers’’, pollen
sources were numerous. Along with these, we have also studied pollen spectra from high
medieval anthropogenic deposits. In their case we can generalize that they are less diverse,
containing less arboreal pollen and herbal taxa indicating relatively natural biotopes. High
medieval strata are much more defined in their taphonomy compared to early medieval
ones—we are able to distinguish wells, pits, dump sites etc. In this case we suspect that the
number of pollen sources was limited, because such archaeological features used to serve for
a particular purpose and thus were more ‘‘closed’’ in a taphonomic sense. It is not possible to
study medieval pollen samples from the same archaeological contexts, simply because urban
deposits useful for pollen analysis almost completely changed with the start of the high
medieval period. Consequently we cannot say to what extent the differences between early
and high medieval pollen spectra do reflect real vegetation changes, because our pollen results
are also influenced by social modifications connected with a different organization of the
urban environment. Yet we can be sure that some alternations of vegetation inside and around
the medieval town of Prague happened throughout the time. Abrupt changes in the landscape
at the start of the high medieval period are very obvious even from pollen diagrams derived
from natural sediments (mostly peat) found in the central Bohemian lowlands surrounding
Prague (Pokorny 2005). These changes reflect enormous intensification of human pressure
associated with marked loss of woodland during the transition from the early to the high
medieval period. We can consider that human impact, gradually increasing over time, caused
an overall reduction of vegetation diversity. The human component that is stronger in the case
of urban deposits than in natural ones principally enriches the herbal component of pollen
spectra. These specifics of urban deposits enabled us to study in more detail the process of
medieval changes that also affected vegetation composition. According to our pollen data
from the medieval city of Prague, it seems to us that the urban environment represents a
different sort of cultural landscape that underwent parallel changes to those of the landscape

from a general point of view.
4.3. Changes in a medieval landscape
To start with more concrete conclusions, we can draw particular examples of how overall

medieval changes affected the urban and surrounding vegetation. We think that arboreal

pollen was mostly transported by wind even in the case of urban deposits. Pollen of trees can
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be therefore considered as a mainly natural component of an otherwise mostly human-induced
taphonomy of pollen spectra. Hence the relative proportions of particular tree taxa correspond
to their real ratios in woodland vegetation, while considering their different pollen production
and transport. Around early medieval Prague there still were some woods with a diversified
species structure. Quercus, Tilia, Fagus, Abies, Betula, Corylus, Salix, Alnus (Fig. 5) and
other trees must have been common in the landscape. Although we do not know how many
and how far from sampling sites they were, we can see that all the main taxa that correspond
to the geographical and relief conditions of the Prague basin were present (Moravec-Neuhdusl
et al. 1991). The numbers of tree pollen grains decline in time. The affinity of Picea with later
periods (Fig. 5) does not necessarily mean that it spread at the expense of other disappearing
tree taxa. Spruce is not a pioneer species nor is the lowland geographical position of Prague
optimal for its growth. Since the first though still rare intentional planting of Picea occurred
in Bohemia as far back as during the seventeenth century (Nozicka 1957), this also cannot be
an explanatory factor that caused the larger amounts of its pollen in later samples. Thus we
have to leave this result without any interpretation. In any case, it is certain that human
pressure on natural biotopes strengthened throughout the high medieval period in general. The
pollen of Calluna vulgaris whose ratio increases with time (Fig. 5) can come from
oligotrophic grazed land or directly from heaths that remained around Prague until the modele
of the twentieth century. According to relatively low numbers of Calluna tetrads found in the
deposits of medieval Prague, it seems unlikely that it was used for roofing or flooring as was
common in England (Greig 1982; Schofield 1994).

Many pollen taxa representing meadow and pasture vegetation are virtually absent
from the high medieval samples. These biotopes (Bromion-like grasslands with
Helianthemum, Centaurea scabiosa, Scabiosa or Hypericum) are present in Prague even in
recent times. Therefore it is clear that they could not have disappeared from high medieval
Prague during medieval times, but they became less widespread. The high medieval town
with its planned urban layout could have got rid of many small pieces of grasslands that must
have been a part of the more chaotic early medieval village-like settled area. Some gradual
changes of taphonomy from unorganised deposition into a more regulated one could have
impoverished pollen spectra as well. Thus later sediments were probably not receiving
deposits of hay or cattle dung to the same degree as older ones. The determination of fungal
spores indicating cattle faeces (Van Geel et al. 2003) could help to support this conclusion in
future research. The organization of the settled area must have also resulted in certain changes
in the composition of urban ruderal vegetation that is rather poor in high medieval samples
(Fig. 5).

It is evident that the relatively high pollen diversity, characteristic of the early
medieval samples, involves a whole range of biotopes, from ruderal to woodland ones. It
reveals an early medieval landscape as a fine mosaic—formed by extensive management and

composed of many biotopes without any sharp borders between them. Since human impact
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increased in time, and the use of land became more rationalized and intensive, this mosaic
acquired a coarser structure. At the same time many plant taxa connected with the previous

chaotic land-use lost thein biotopes.

5. Conclusions

Pollen spectra derived from urban deposits give a good reflection of the changes that occurred
in Bohemia during the early to high medieval transition. These changes were complex and
affected all the components of the world at that time—culture, society, art and also landscape
(Le Goff 2005). It seems sensible to interpret our pollen analytical results mostly at the
landscape level, which is in good agreement with Schofield (1994). The Great Medieval
Change in what is now the Czech Republic is reflected by most of the pollen diagrams from
natural sediments (Pokorny” 2004). Compared to these pollen data from natural sediments, the
pollen spectra derived from urban deposits in medieval Prague showed some aspects of this
process in more detail. On the other hand, compared to macroremains analysis, pollen
analysis provides a less detailed, but more complete view of the broader aspects of vegetation
affected by people during the period studied. We focused on the early medieval landscape
because its appearance is still rather unknown and we could consider a large pollen data set
from cultural sediments as being a rich source of information. It seems to be a general trend
that in the early medieval period, human impact still caused some increase in a landscape
diversity while in the high medieval period anthropogenic pressure intensified so that that the
landscape diversity was reduced. Further in our study, our results have showed that non-
specific archaeological contexts such as cultural layers or path deposits yield pollen spectra
that can best inform us about the types of biotopes that were a part of the past landscape,
including urban vegetation. To carry out good pollen analytical research at any archaeological
site we think that following rules are sensible:

— to obtain a rather large set of samples from a particular archaeological site and sample
as many archaeological contexts (objects, layers) as possible. Only in this way we can
be sure which factors, such as age, taphonomy, etc., caused differences between pollen
spectra derived from particular samples

— to search also in high medieval contexts for less defined types of archaeological
deposits such as path deposits or other such material that sedimented rather
spontaneously

— to pay attention to a parallel sampling and analyses for both pollen and plant

macroremains.
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Abstract
After the last glaciation, around 4000 bc, silver fir (4dbies alba Mill.) spread to the area that is

now the Czech Republic. This spread was not restricted to high mountains, but also took place
across both highland and lowland landscapes. Historical forestry records from around ad 1500
mention a massive expansion of Abies alba, favoured by forest pasturing, litter raking and
selective tree cutting. According to the current interpretation of these historical records, this
expansion in Czech forests was extensive and lasted until ad 1800. On the other hand, pollen
data coming mostly from the Alps consider silver fir as a species that is extremely sensitive to
human impact. In this paper, we compare historical forestry reports with pollen and charcoal
data from the Czech Republic. Both pollen and charcoal records show that Abies alba reached its
maximum during the Bronze (2200-800/750 bc) and Iron Ages (800/750 bc—ad 0). While
charcoal records indicate that silver fir wood was important also during the High Medieval,
pollen data show that the High Medieval and Modern times were periods of a general decline in
Abies. Our data suggest that the expansion of silver fir documented by historical records was not
general but rather fragmented, probably according to actual form and the intensity of human
impact, as well as environmental conditions. These historical records have contributed much
evidence regarding the wider ecological tolerance of Abies.

Keywords: Abies alba, charcoal analysis, forest management, human impact, Medieval, pollen

analysis
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1. Introduction

The Czech Republic is situated close to the northern range limit of Abies alba Mill. (Jalas and
Suominen, 1973; in the Czech Republic the genus Abies includes this species only, therefore we
do not use species names further in the text), so migration to this area from glacial refugia
(Terhiirne-Berson et al., 2004) took a relatively long time. According to recent knowledge, most
Czech populations of Abies originate from Italian refugia (Liepelt et al., 2009; Terhiirne-Berson
et al., 2004), with a possible overlap with Balkan refugia only in the Beskydy Mountains
(Konnertand Bergmann, 1995). Most pollen diagrams from the Czech Republic (Pokorny, 2004)
as well as from neighbouring Germany (Knipping, 1989; Rosch, 2000) show a continuous Abies
pollen record since the Late Atlantic period around 4000 bc, and during the Sub-Boreal period
Abies became abundant (Pokorny, 2004; Figure 1). At that time, the human agrarian population
already played an important role in transforming the landscape. Hence, the arrival of 4bies in the
Czech area occurred under very different conditions compared with areas farther south where it
expanded before the Neolithic (Terhiirne-Berson et al., 2004; Tinner et al., 1999; Wick et al.,
2003).

In the area of the Czech Republic Abies first spread in mountain regions, but later also in
the lowlands (Nozicka, 1957; Pokorny, 2002, 2004, 2005). Human impact in the form of forest
pasturing, litter raking, selective logging and reducing game populations favoured the growth of
Abies (Malek, 1981; Nozicka, 1957), as is documented in written sources which are available
from the sixteenth century and became extremely numerous during the eighteenth and nineteenth
centuries (sources of historical data are summarized in Malek, 1983; Nozicka 1957). These his-
torical data include forest descriptions and evaluations, accounts for sold timber, border
demarcations or urbaria, i.e. registers of liege people responsibilities toward authorities where
actual state of forests had been quoted. Populations of Abies that originated during this time, of
which some old representatives still survive in protected primeval forest zones in the Czech
Republic, have therefore been termed the ‘grazing generation’ (Samonil and Vrika, 2007). The
important role of human impact on fir-beech forest development has recently been elucidated on
the basis of extensive forestry data from the Carpathians (Samonil and Vrska, 2007; Vrska et al.,
2009) and the Sumava Mts (Samonil and Vrika, 2008).

There are two important reasons why we aim to assess critically the supposed positive
effect of human impact on Abies growth as documented in Czech forestry archives. The first is
that Czech historical forestry data were interpreted on a landscape level relying on numerous
local observations (Malek, 1983; Figure 2). Because we are aware of problems with results being
transformed between spatial scales (e.g. Samonil et al., 2008), we can not be sure whether Abies

really expanded throughout a whole area or if its expansion remained fragmentary. The second
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reason arises from the entirely opposing interpretations regarding fir-human interactions based
on numerous pollen data from the Alps, where 4bies is considered extremely sensitive to human
impact (Keller et al., 2002; Tinneret al., 1999; Wick and Mohl, 2006; Wick et al., 2003). This
second reason leads to the question whether pollen data are detailed enough to reflect Abies
growth dynamics influenced by human activities and whether the alpine environment is
comparable with conditions in the Czech Republic.

Our main questions are: (i) Was the Abies expansion in the area of the Czech Republic
during Medieval and Modern times as extensive as suggested by current interpretation of
historical forestry data? (ii) Do Czech and alpine pollen data indicate differences in terms of

human impact on Abies growth, and if so, which factors are responsible for these differences?

2. Data

In this paper we present three independent perspectives of the history of Abies in the Czech
Republic derived from (i) historical forestry data, (ii) pollen records and (iii) macroscopic
charcoal data sets from archaeological layers. There is an important difference between historical
forestry data and palaeobotanical records. From the written sources we only know about ‘positive
cases’, i.e. where Abies expanded, whereas palaeobotanical records contain information about
vegetation around randomly chosen sites and thus they can document even ‘negative cases’, i.e.
where Abies did not expand. Therefore we suppose that the palaeobotanical records should show
an unbiased picture of the late-Holocene 4bies expansion. Moreover, pollen data go further back
into the past and therefore offer a broader context of the growth history of Abies.

Pollen spectra reflect both the local history of a site and regional vegetation. The spatial
representation of a particular pollen spectrum depends mainly on the pollen source area of the site
and the openness of the surrounding landscape (Sugita et al., 1999). Because our pollen data
come mostly from small mires (Table 1), we assume that the amount of background pollen
coming from farther distances is rather small. In addition, we attempt to strengthen the regional
validity of our pollen data by presenting results from multiple pollen sites distributed throughout
the area of the Czech Republic (Figure 3, Table 1). While both pollen records and historical
forestry reports reflect what grew in a forest, charcoals give us information about what was once
taken out of a forest. It is generally assumed that charcoal data represent the species composition
of the forests in the close vicinity of a settlement (Nelle, 2003) and that the wood for fuel was
collected without particular selection. This idea is supported by the presence of shrubby and
early-successional taxa that are not attractive as fuel wood and yet are often part of charcoal
assemblages (Kreuz, 1990).
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Figure 1. Chronostratigraphical table of

archaeological and vegetation periods, after AD 2000 7
Dreslerova et al. (2007). Dating of Modern time
archaeological periods: Neolithic, 5500-4200
BC; Aeneolithic, 4200-2200 BC; Bronze Age, High Medieval
2200-800/750 BC; Iron Age, 800/750 BC-AD
0; Roman time, AD 0-500; Early Medieval, AD AD 1000 4 .
500-1200; High Medieval, AD 1200-1500; Early Medieval
Modern time, from AD 1500
Subatlantic
Roman time
0 -]
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1000 BC
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v
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Figure 2. The expected ratio of Abies alba in Czech forests from ad 1200 until recent, extrapolated from
historical forestry data (Malek, 1983; the source data set was not exactly defined)

If the Abies expansion during Medieval and Modern times was indeed as extensive as the
current interpretation of historical forestry data makes us believe (Malek, 1983; Figure 2), this
must also be clear from the palaeobotanical records. We assume that our numerous pollen records
reflect the forest species composition on a regional scale, while macroscopic charcoal data should
provide independent information about the local species composition of human-affected forests
around settlements. Since the inferred high sensitivity of Abies to human impact in the Alps is
mostly based on pollen analysis, we use our pollen records in order to see possible differences

between the alpine and the Czech situation.

3. The history of Abies alba in the Czech Republic according to historical forestry data

3.1. Management of Czech forests in Medieval and early Modern times

The Czech lands were intensively colonised from around the second half of the thirteenth century
(Klapsté, 2006), with settlement usually proceeding from lowlands to higher mountain areas
(Fialova et al., 1996; Motta and Garbarino, 2003). Exceptions were some flat upland areas such
as the Carpathians which were colonised nearly simultaneously with the lowlands. These uplands
were quickly deforested for livestock grazing. This high-mountain pasture land was energetically
easy to sustain and the timberline was lowered by 200-300 m, or an artificial timberline was

created in some lower mountain ranges. Submontane forests were primarily a source of wood for
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Site Number of Standard error
number _Site name Reference Site description Vegetation background 1C dates for AD 1300
Svatobofice- Alluvial mire at old Pruno-Fraxinetum, Primulo
1 Mistiin Svobodova, 1989 oxbow lake veris-Carpinetum 5 1211-1375
Alluvial fen at spring ~ Melampyro nemorosi-
2 Zahaji Pokorny, 2005 area in narrow valley Carpinetum 5 1257-1358
Komotanské Mine area of brown Melampyro nemorosi-
3 jezero Jankovska, 1988 coal, previous lake Carpinetum 4 1236-1351
Pryskyficny Peat bog in sandstone
4 dal Abraham and Pokorny, 2008 area Luzulo-Fagetum 2 1240-1359
Alluvial fen at old
5 Bive Pokorny unpublished oxbow lake Tilio-Betuletum 3 1234-1425
Vaccinio vitis-idaeae-
Quercetum, Pino rotundatae-
Borkovicka Sphagnetum, Eriophoro
6 blata Jankovska, 1980 Large transitional mire  vaginati-Pinetum sylvestris 2 1283-1340
Mokré Luzulo albidae-Quercetum
7 louky Jankovska, 1987 Cultural meadow petraeae, Abieti-Quercetum 5 1284-1322
8 Vernéiovice Peichlova, 1979 Fen in flat valley Luzulo-Fagetum 1238-1374
9 Tlsta hora Rybnicek and Rybnickova, 2008  Spring fen Carici pilosae- Fagetum 4 1105-1389
Kulzer Luzulo albidae-Quercetum
10 Moos Knipping, 1989 Spring fen petraeae, Abieti-Quercetum 13 1121-1487
11 Windbruch ~ Knipping, 1997 Spring fen Luzulo-Fagetum 5 1149-1428
Peat bog in depression
12 Regetovka ~ Wacnik, 1995 of landslide Luzulo-Fagetum 5 1218-1363
Broad alluvium of Luzulo albidae-Quercetum
13 Palasiny Jankovska, 1989 stream petraeae, Abieti-Quercetum 1 1261-1361
14 Kralovec Rybnicek and Rybnic¢kova, 2008  Spring fen Carici pilosae- Fagetum 2 1045-1450
Sloping spring fen in
closure of broad flat Caricetalia fuscae, Dentario
15 Loucky Rybnickova, 1974 brook valley enneaphylli-Fagetum 1 1269-1337
Horni Dentario glandulosae-
16 Lomna Rybnicek and Rybnickova, 2008  Spring fen Fagetum 3 1228-1443
Drained sloping spring
17 Kamenicky  Rybnickova and Rybnicek, 1988  fen Mastigobryo-Piceetum 9 1123-1482
Small mire in brook
18 Blato Rybnicek and Rybnickova, 1968  valley Luzulo-Fagetum 2 1296-1335
19 Rasna Rybnickova, 1974 Fen in valley Luzulo-Fagetum 1 1277-1317
Infilling of cisterne at  Luzulo albidae-Quercetum
20 Vladat Pokorny et al., 2006 hillfort petraeae, Abieti-Quercetum 5 1196-1322
Mastigobryo-Piceetum, Pino
rotundatae-Sphagnetum,
Eriophoro vaginati-Pinetum
21 Mrtvy luh Svobodova et al., 2001 Peat bog in flat valley  sylvestris 4 1203-1337
Calamagrostio villosae-
22 Kubrikovd ~ Rybnicek and Rybnickova, 2008  Small spring fen Fagetum 1 1139-1501
Zlatnicka Dentario glandulosae-
23 dolina Rybnicek and Rybnickova, 2002  Spring fen Fagetum 5 1198-1401

Table 1. List of pollen sites and major characteristics
Units of potential natural vegetation are after Neuhéuslova et al. (2001). For positions of sites, see Figure
1. The depth—age models used are: Oxcal: cubic spline interpolation with natural end conditions between
P_Sequence modeled levels (sites 1, 5, 7-9, 12-23) (Behforooz and Papamichael, 1979; Bronk Ramsey,
2008); Oxcal: linear interpolation between P_Sequence modeled levels with boundary (site 10) (Bronk
Ramsey, 2008); Oxcal: spline interpolation (4 order) between P_Sequence modeled levels (site 20) (Bronk
Ramsey, 2008); Clam: linear interpolation between dated levels (sites 2-3, 6, 11) (Blaauw, 2010); Clam:
polynomial 4 till 60 cm then polynomial 2 (site 4) (Blaauw, 2010).
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households and the rapidly developing industry (Chadt, 1913), and in addition they provided soil
protection. Differences in wood utilization (e.g. for fuel, building or mining) resulted in selective
logging of particular tree species or tree dimensions (e.g. Malek, 1975). For example, the rapidly
developing glass and metallurgy industry in submontane regions markedly preferred beech wood
over conifer. On the other hand, silver fir wood was often favoured for construction (Kiister,
1994; Opravil, 1976). After selective cutting, forests were spontaneously regenerating from
remaining adult trees. Until the second half of the eighteenth century, there were no real limits set
on timber harvesting or other types of forest exploitation such as grazing, litter raking or resin
tapping. Forests covered approximately 80% of the land in the tenth century, which gradually
reduced to 30-40% over about 500 years (Nozicka, 1957). The obvious devastation and
insufficient regeneration of forest biotopes led to the first major forest regulations established in
1754 by Maria Theresa (Malek, 1983; Nozicka, 1957).

3.2. The expansion of Abies since Medieval time

Extensive forest pasturing combined with litter raking lasted several hundreds of years, with vast
impact on the nutritional conditions of forest soils and on flows of energy in ecosystems in
general (Hofmeister et al., 2008; Prietzel and Kaiser, 2005). These processes resulted in marked
changes in species composition, both in the herb layer and among trees (Malek, 1983). In more
recent times, before the Fagus sylvatica (in the Czech Republic the genus Fagus includes this
species only, therefore we do not use species name further in the text) dominance which started c.
200 years ago, Abies became dominant and Fagus became scarce in managed forests in all
altitudinal vegetation zones (Malek, 1983; Prasa, 2001). On mesotrophic soils Abies
predominated over other conifers, while Picea abies (we do not use species name further in the
text but we refer to Picea abies as to the absolutely dominant species of this genus in the Czech
Republic) was more successful on oligotrophic soils and Pinus sylvestris (for the same reason as
by Picea we further use only genus name) expanded at lower altitudes. The main competitor to
the regeneration of silver fir is Fagus but since the latter is often suppressed in managed forests,
Abies is better able to spread (Malek, 1983). Moreover, Abies saplings although preferentially
browsed by game (Senn and Suter, 2003) are rather avoided by cattle (Malek, 1983). Cattle create

a mechanical disturbance of the top soil, exposing mineral soil at some sites, and it has been
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Figure 3. Map of the Czech Republic and neighbouring countries with site positions. Pollen sites are
numbered 1-23. Macroscopic charcoal sites in green: thombus, Neolithic; square, Aeneolithic; circle,
Bronze Age; triangle, Iron Age; asterisk, Early Medieval; cross, High Medieval; inverted triangle, Modern
time. Forestry sites: blue points are centres of forest districts where Abies alba had more than 30%
between the sixteenth and early nineteenth centuries (Malek, 1983)

observed that Abies primarily regenerates from such denuded mineral patches or from clearings
where sun inhibits microbial activity in the top soil. Through these processes, Abies became
exceptionally numerous at forest edges near villages or on pasture land, as well as on abandoned
agrarian land (Malek, 1971). The main expansion of Abies occurred between the thirteenth and
sixteenth centuries, when its mean ratio in the Czech forests is supposed to have risen by about
10%, reaching a total mean of 30% (Malek, 1983; Figure 2).
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3.3. Causes of the Abies decline

During the eighteenth century, forest management in the Czech lands went through profound
changes: (1) long-term planning of forest management was established; (2) even-aged forests
became the ideal, while chaotic selective cutting was rejected; (3) artificial regeneration (sowing
and planting) replaced natural forest regeneration; (4) banning of forest pasturing and litter raking
began to be consistently enforced; (5) forest management came under state control (Malek, 1983;
Nozicka, 1957).

Large clear-cuts that were popular between approximately 1810 and 1850 resulted in a
radical decline in both Abies and Fagus. Picea and Pinus were planted extensively. Nevertheless,
forest management was very different on certain estates, and in the mid-nineteenth century
forests were regenerating naturally in some places (Malek, 1983).

The decline in Abies did not occur only because of timber harvesting and subsequent
replacement by Picea or Pinus. Beginning in approximately ad 1800, the population of silver fir
began to die back, and many trees started to suffer from an unknown disease. Treetops became
thin, trees stopped growing at their apex and formed a flattened treetop, bark fell off of the
trunks, and the core of ill trees became rotten (Malek, 1983). In the last 200 years, conditions for
the regeneration of Fagus have been favourable, and it is replacing Abies in fir-beech forests
(gamonil and Vrska, 2007, 2008; Vrska et al., 2009).

4. Methods
4.1. Pollen data

Twenty-three pollen diagrams were extracted from the Czech Quaternary Palynological Database
(PALYCZ; Kunes et al., 2009). The original analyses of the pollen profiles used in this paper did
not have the aim of investigating the late Holocene history of Abies, and are relatively coarse in
temporal resolution. The characteristics of the pollen sites are presented in Table 1. These sites
were selected according to following criteria: (i) suitable altitude; (ii) the presence of radiocarbon
dating, allowing for the construction of a reasonable depth—age model; (iii) a continuous curve of
Abies pollen; and (iv) existing human impact around most of the sites. Our priority was to
represent upland and submontane cultural landscapes (c. 300-700 m a.s.l.), where according to
historical forestry data Abies expanded most successfully during the late Holocene (Malek,
1983). Since we also want to draw a general picture of Abies growth in the Czech lands, we

present pollen sites situated across lowlands, upper mountain ranges, as well as in some special
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landscapes such as sandstone areas. Potential vegetation defined according to Neuhduslova et al.
(2001) around each pollen site is given in Table 1.

Depth—age models were constructed with either Oxcal v. 4.0 (Bronk Ramsey, 2008) or
Clam v. 1.0 (Blaauw, 2010) using cubic spline or linear interpolation between dated levels (for
overview see the caption of Table 1). Data are shown as pollen diagrams, with the percentages of
tree taxa being based on the sum of all trees excluding Alnus and Salix. These letter two are
considered to be local taxa restricted to moist places and thus unable to really compete with other
trees (Rybnickova and Rybnicek, 1970). Human impact is difficult to express through pollen
because the coherence between human activities and the occurrence of certain pollen types is
never clear. Therefore, we express human impact as the percentage of non-arboreal pollen (NAP)
from the dry-ground pollen sum as a direct indication of open landscape.

Pollen diagrams were drawn on a time scale using the C2 program (Juggins, 2003). We
chose the year ad 1300 as the beginning of the High Medieval, which is a period of major
changes associated with large-scale colonisation in the Czech lands (Klapste, 2006). Table 1

presents standard errors for the year ad 1300 in the depth—age models.

4.2. Charcoal data

Charcoal data from 82 archaeological sites represent a compilation of all available data where
total sum of analysed charcoals reached at least 50. They were collected along a gradient of alti-
tude, from lowlands to highlands. This range of altitude includes Thermophyticum and
Mesophyticum, two altitudinal floristic regions according to the phytogeographic classification of
the Czech Republic (Chytry et al., 2008; Skalicky, 1988). The charcoal sites were divided into
two groups according to their location within either Thermophyticum or Mesophyticum.
Mesophyticum occupies the very most of area of the Czech Republic (Figure 3) including
uplands from approximately 350 m a.s.l. up to 800 m a.s.l. Vegetation in this zone is represented
by mixed forests of typical central European species structure excluding both extremes —
mountainous and thermophytic species. Thermophyticum corresponds to the dry and warm
lowlands up to 350 m a.s.l. with thermophytic vegetation and prevailing pine-oak forests (Chytry
et al., 2007). Since Abies has its optimum in upland or mountane areas, we think this separation
of Thermophyticum charcoal sites is useful (Figure 3).

Charcoals originate from archaeologically dated layers at sites shown in Figure 3. Figures
6 and 7 show the ratios of major tree taxa, where the total sum represents the sum of all trees and

shrubs.
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5. Results

5.1. Pollen data

Sites in lowlands (below 350 m a.s.l.) have generally lower Abies pollen ratios (Table 1, Figure
4). Site 4 is an exception, having a ratio higher than 20%. This site is a peat bog surrounded by
rather natural biotopes in a sandstone area, which has characteristically a cold microclimate. At
higher elevations (above 350 m a.s.l.) and especially at sites where Abies is part of the regionally
dominant vegetation (Table 1), its maximum pollen ratio generally exceeds 20%.

Pollen diagrams covering the complete Holocene show that Abies reached its maximum
already in prehistoric times, except at two sites where the Abies maximum occurred around ad
1300 (site 8) or after it (site 9). Many pollen diagrams document the spread of Abies during the
Early Medieval before ad 1300 (sites 2, 5, 6, 8, 10, 11, 12, 14, 16, 17 and 18). Abies increased
after ad 1300 only in a few sites (sites 4, 9, 10 and 19), though several higher-elevation sites
document stable ratios of Abies during High Medieval times (sites 13, 14, 15, 16, 17, 18, 22 and
23).

The relationship between the Abies pollen and NAP is not uniform. Abies increased
together with NAP in some sites, but this rise was always temporary (sites 2, 3, 5, 7, 9, 10, 13,
14, 15, 18 and 19). At the Vladar hillfort (site 20), the Abies increas follows a peak of NAP
pollen and is associated with abandonment of the settlement (Pokorny et al., 2006). A similar
pattern but weaker is seen in sites 4, 6, 11, 12. Both at higher elevations and in lowland valleys, it
is evident that Abies remained stable relatively long, despite a certain degree of landscape
opening reflected by a rise in NAP (sites 2, 13, 15 and 16, but also site 5 situated on a lowland
plateau). Nevertheless, NAP rose rapidly after ad 1300, followed by an Abies decline (sites 2, 3,
4,5,6,7,8,11,12, 14,17, 18, 19, 20, 21, 22 and 23).

In general, Abies was more successful than Fagus only in the very lowlands as at sites 1
and 5, or on sandy soils as at site 7. At most sites, the Fagus pollen curve is similar to that of
Abies, and the curves suggest that Fagus and Abies respond to the overall environmental changes
in more or less the same way. Abies expansion at the expense of Fagus is weakly suggested only
at site 14 just before ad 1300. At a few sites (2, 12, 19), it seems that anthropogenic pressure
favoured the growth of Fagus over that of Abies.

In lowlands, Pinus is a dominant tree and its curve often mirrors NAP (sites 1, 2, 5).
Nevertheless, Pinus increased often during the High Medieval at the expense of Abies,
irrespective of elevation (sites 2, 6, 8, 9, 11, 12, 13, 14, 16, 18 and 20). At sites 7 and 15, Pinus
had already replaced Abies by around ad 700; at the former site, Pinus may have benefited from

the sandy soils typical for the region. Many pollen diagrams show a rise in Pinus and Picea
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during the last few centuries (sites 4, 9, 11, 14, 19, 21, 22 and 23). This is definitely a result of
deliberate planting, but it is also probable that initially, Pinus, as well as Picea at higher eleva-

tions, replaced Abies naturally after its abrupt decline in Late Medieval and Modern times (sites
11,13, 15, 16, 18 and 19).

5.2. Charcoal data

Abies was an important tree only in the Mesophyticum (compare Figures 5 and 6), and even there
remained marginal in numbers until the Bronze Age. During both the Iron Age and High Medi-
eval, however, Abies was often dominant in the charcoal assemblages (Figure 6). In the Modern
time, Abies charcoal counts again decreased.

Similarly to Abies, Fagus was not a dominant tree in the Thermophyticum (Figure 6).
Except in warm and dry regions, Fagus did not become a noticeable component of charcoal
assemblages until the Aeneolithic. Its ratios were much lower than that of Abies during the
Bronze and Iron Age, but later in the Medieval Fagus became generally more important.

The occurrence of Picea charcoal is restricted to the Mesophyticum (Figure 5). Higher
numbers were first found in Aeneolithic layers. The importance of Picea as a fuel seems to have
increased from the Early Medieval onwards, and in Modern times its ratios exceeded those of
Abies and Fagus (Figure 5).

Pinus and Quercus were important trees in both altitudinal floristic regions, but while in
the Thermophyticum Pinus and Quercus were co-dominant (Figure 6), in the Mesophyticum
there were higher proportions of Abies, Fagus and Picea (Figure 5). In the Mesophyticum, Pinus
charcoal was the most abundant during Aeneolithic and Modern times. In the Thermophyticum,
Quercus was dominant from the Neolithic until the Modern time (Figure 6). In the
Mesophyticum, Quercus charcoal was the most abundant during the Neolithic, after which it

declined rather steadily (Figure 5).

123



(panupuod)

paoP0Z 0 000 O OROOOPOED OPOZ O OYOZ DOPOZ O OYPOZE D0 Q9O0POZ 0 OPQZ 0 OZ0 OZO0CE0 OROOCPCOE O QEOOODPIDED OEO0OCEO0QED QOOPOED [(2030v0Z 0 O OQOUZ0 OBPOOODPOZE O

I [ T [ Iy N N By I I R N N E O N I_l_ VI [y I Ty I T T VY I T 7 0 I I B I [ O I _ pass
| - L
— | - I coos
.-_ [
.__ [ ast
| L sooe
_ [
| ] I oot
/ / ] [
b ! / - oo
r II_H__“m
pY J L
| N | oaoz
" v _ I oost
1 -7 ..,_ I caoL
! A # V FH A || 0as
14 / Lo
) { [ cae-
‘ > _ I
i ,nH i n - DaoL—
R E ey =
T |,_,|_ A T ~ e R e
=T A D ) ] o] e ol
Fo7 & 5 K & 5 $° Fo7s & S
0 £ & & & CH S &
% "W QGE \N\_ Z0'Wgze \\:DDON ‘W LEg By £ "W Q6L BY | WGLL
aME g [np Auguixsiid ouazal BySURJOLIOY " ileyez -z UMISIN L

“p aundig

124



Chapter 4

OF 0 OEOGZ0 OPOEDCRO0FOL 0 OVOE O O O OFOZ O OFOE O OB OKOZ O OPOE O 6 O 0ED OSOPOE O DF O CE 0 OPOZ O OPOE 0 OPOSOPOE 0 OSOMOKOE 0 0 OF O GSOFOE GOOLOROSOPOE O OPOE O OX 0 OBOROE O O OF OODLOWOS 0¥ OZ O

I N N N Ny W I N gy W N } I [ Iy I N I oy 8 N e N N N N N e N NN A NN e e Ay IR NN NI NN AN} I_LLLLlllI_LL_LLLI_LL wLLl_ Llitilalel _o05s

A “_. Wu b ones

| \_ — |- ons+

n.” rml.“| fV 1 W - onoe

= / | onge

- = \ - anes

v | ansz

| onoz

7 . - o051

‘ T > oot

J - ans

V . Lo

q — | oo
~ : - | |- G-
T 4 T dl-
oMo ™ o i - _ L anoz-

S - oS ah b -4 2 B = o b Lo -]
. 5 & L & & = & & 5
I R U N A A A § v & F ¢ §
. i
/ / /
\ i 4 i
/ YA /
/ S/ Y.
\\ / \\ A Y
Vi Y 02 "W L6 x\ / BY ZL W LEY \\ \.\ BUY GO0 W09y / / BY 57} W 0St \\ \\ BU 05 "W GZF \\ BUY 00 ‘WSl
YarJapuips “LL SO JAZ|INY 0L BJOY BIS| L8 BNUADIPUIBA " Axno| auxon-L ER|0 ENIIAGHI0E 5

{panupuoy) 4 undig

125



(panupuos)

OFOZ O 0F B 07 0
R W Ry P
|

MR0GOFO0T 0 0SO0¥OE O 0Z O 0¥0Z O 090P0E O OF O 09 0ROZ 0 OF 0 0T 0 OROSOYOE O DSOPOZ 0 OF 0 DAOKOZ 0 OFOZ O OFGE O OFOF O OZ O QW OZ O 0F LG 08 0¥ 0T O 090900 0Z 0 09 0¥ 0F O
N Ry | S Ny N Tt N [ Y I A N oy N N [ty A AN Sy N Ay N Ay Ny A AN [ty Y Y Iy Y S Iy _ e

e

\
mrri
&
(=3
n\nw..
\\ x\ \. \
/ / / \\
/ / /
/ i
/ / \
_ / / . _ .
BY 50 W pZY /' eus00'wgle / /| BY £ ‘W 095 S/ /B ZOD W 0sg S/ Bl p ‘W 025 BUEWGLS
Ayzuswey BUWOT WIoH "9l Ajgno 5| JBA0[BIY FL Auige|ed gl eynojabioy g1

(panupuon) p 2andig

126



Chapter 4

01 Aq pardninuu sanfeA MOYS dAIND OB IJAO SIUI[ PI[OS Nor[g "Opmn[e SuIsearour 0} Surpiodde pasuelte a1e SIS ‘[ J[qeL

ur paIsI[ SAS €7 [[8 10F 0007 AV-I9 00SS Jo reosawn) & uo paAe[dsip are e ‘wns ud[jod punoi3-AIp o) uo paseq (dvN) usrod
[€910¢Je-UOU PUE ‘S991) JO NS [€10) Y} UO PIseq ‘Sn3v,] pue $a1qy ‘vadld ‘snuid Jo so3e1uoo1dd Surmoys swelselp ud[od p 9In31y

0GOPOE 0 DZ 0 OVOZ D OBOPOZ O OZ O OPOZ 0 OZ O OGCPOZ 0 OOOYOE D O0POZ O OEZ O OPOZ O OPOZ O 0AOPOZ O DADGOPOZ 0 OAOSOPOZ O OZ 0 OPOZ 0 OZ 0 OCAOPOZ O ODOVOZ 0 OZ 0 OFZ 0 DACHOPOZ 0 OROBOPOZ O OPOE D OZ 0 OPOE O OPOZ O ORODOVOZ O

8 N [ I N I Iy oy I 8 e W I N Oy W I e Ny NN N NN NN Ry N RN N NN NN INENENE R N TN NNy VA R TR NN _LLLl_LL_I_ﬂ _LI_LLLLLLLLI_LLLLLLLLI_Ll_LLiIJ_LLLII_lEL_LLLLLLLL 0SS
.____. ) [~ ooos
— ﬂ I oosr
. “ ) - oo
= ) N ‘_ - gse
= - L / \ . I aane
u ) | . | ooz
2 )
3 . .
= 7 3 >
= : '
[ - ;
= 3
: o _ 3
=< ) 4 = - noe=
= 3 F oo~
_ [ oosi—
™ iani=lia! R B e B s s B
= = N = o A o X
-y e o C L3 57 5
3 TS &S & 5
/ ‘ / / ’
/ / \\ / / / /
/ / / / / /
/ / \ VA S/
/ Yo S S y
/ey 'wosg \\ A BY S0°0 "W 06/ \\ BY 0SZ "W OFL \x \\ BUGL'0 "W 069 x\ 4 BY 2| ‘W09 xx By GZ "W 59
BUI|OP BMOILE(Z "2 BAOHUONY ZE un| SAUN CLZ JEPE|A 02 BUSEY 6L ol 8l

(panunuod) *p aundig

127



|

il % i o —
I SC!'NC!%‘IIlJl%I 50|'°9:': ﬁljl%

Figure 5. Charcoal ratios of main tree taxa
at archaeological sites in the Mesophyticum
area. The white part of histogram bars are
values multiplied by 10. NE, Neolithic (1
sample analysed); AN, Aeneolithic (3); BA,
Bronze Age (7); 1A, Iron Age (15); EA,
Early Medieval (10); HM, High Medieval
(19); MT, Modern time (8). Data from the
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Figure 6. Charcoal ratios of main tree taxa at
archaeological sites in the Thermophyticum
area. The white part of histogram bars are
values multiplied by 10. NE, Neolithic (1
sample analysed); AN, Aeneolithic (1); BA,
Bronze Age (4); IA, Iron Age (5); EM, Early
Medieval (2); HM, High Medieval (3); MT,
Modern time (3). Data from the Roman time

Roman time were not available were not available

6. Discussion
6.1. Pollen and forestry data

Abies never became abundant in flat lowlands below approximately 350 m a.s.l. However, the
varied relief of the Czech landscape enabled the tree to spread and flourish in highlands and
submontane zones. Many pollen diagrams show that Abies was most abundant during the
Bronze and Iron Ages and during the Early Medieval times (Figure 4). This expansion may
have been successful largely because of the strength of the population that once established
had large regeneration and growth potential (i.e. the mass effect).

When thinking about human impact during the Bronze and Iron Ages, it must be kept
in mind that the human population was very low compared with the Medieval time (Fialova et
al., 1996). During the Bronze and Iron Ages, the maximum number of people living in the
Czech lands is estimated at 30 000, growing to perhaps half a million around ad 1000, and
then to approximately 2.5 million around ad 1400 (Fialova et al., 1996). Pollen data are still
the main source of information about prehistoric forests, though they can hardly prove the
influence of a particular human activity on forest structure (Gaillard et al., 2008), leaving us
with only hypotheses and presumptions (Birks, 2005; Gardner, 2002). For instance, we
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presume that the human population of the Bronze and Iron Ages affected forest species
composition by opening up biotopes with slightly different conditions (pasture, eroded
ground) which could have served as appropriate starting points for species such as Abies.
Since the human population before the Medieval was generally low and even lower in the
uplands, management in forests might have been sufficiently unsystematic to provide enough
time for the regeneration of trees.

Several pollen diagrams show an expansion of Abies after some heavier human
impact, expressed as a peak in NAP (Figure 4). The clearest example is Vladar hillfort (site
20), the only site situated in the middle of a settlement. The 4bies expansion took place right
after abandonment of the settlement (Pokorny et al., 2006). Such a clear connection between
the presence of humans and the regeneration of Abies could not be found at other sites, around
which the archaeological evidence is poor. Regeneration of 4bies in abandoned settlement
areas has also been documented by forestry studies, but only at sites where the conditions are
suitable for silver fir growth including elevation, soil, humidity and sufficient parent trees in
the surrounding forests (Dobrowolska, 1998; Malek, 1966).

In the Carpathians where the existence of upland pastureland was favored by the flat
mountain ridge topography (Malek, 1983; Vrska et al., 2009), we have numerous historical
forestry reports that document the expansion of Abies during High Medieval and Modern
times. We have also several pollen sites in this region (sites 9, 12, 14, 16, 22, 23; Figure 3),
but only one among them shows an Abies expansion after ad 1300 (site 9). This example
shows that when we have two data sources from the same region, they do not necessarily tell
the same story.

Overall, the pollen data do not support the forestry data for extensive 4bies expansion
during the High Medieval and Modern times. The same is true for Fagus, which according to
forestry data was widely suppressed by Abies (Malek, 1981). According to most pollen
diagrams, on the other hand, Abies declined after ad 1300. There is of course some
uncertainty in the dating (Table 1), but it is not likely that the depth—age model would be
much shifted in most cases. We therefore infer that the historical forestry data rather
document local changes, so that the trend shown in Figure 2 is not relevant on a large spatial
scale. This is supported by the observation that no more than a few pollen sites show an
increase in Abies after ad 1300.

According to the pollen diagrams, the tree species that was most successful in
spreading after ad 1300 is Pinus. Planting of Pinus was not yet common during the second
half of the eighteenth century (Nozicka, 1957), which implies that it must have spread
naturally. The increase of NAP during the same time suggests that the Pinus expansion was
associated with intensive forest exploitation. Pinus is ecologically less demanding than Abies
(Ellenberg, 1988), which gives it a greater chance to expand. Contrary to Abies, its expansion
during Medieval and Modern times is one of the major trends in landscape change reflected in

our pollen records. Since the history of Abies in other parts of its range is studied mainly by
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means of pollen analysis, it is no wonder that the general paradigm is that Abies is highly
sensitive to human impact. In this respect, pollen records from the Czech Republic are in line

with other European pollen data.

6.2. Charcoal data

In agreement with the pollen records, charcoal data demonstrated the importance of Abies in
highland and submontane regions (Figures 3 and 5). Charcoal records reflect the species
composition of forest edges managed by humans, where Abies was important during the
Bronze and especially Iron Age. Most pollen diagrams show high proportions of 4bies for the
same period, suggesting that it must have been common overall. For the High Medieval, how-
ever, charcoal and pollen results do not agree. While Abies in the Czech forests was
decreasing on a regional scale, locally its regeneration was favoured by forest management, so
that from a local point of view Abies seemed to be expanding. Since the regions with charcoal
data rarely overlap with the regions from which we have historical forestry data (Figure 3),

the charcoal data are an additional independent data source.

6.3. The Holocene history of Abies alba rewritten: Combining the data

The three sources of data that were used in this paper — historical forestry materials, pollen
diagrams and charcoal data — represent three lenses through which we can see some aspects of
Abies history. The expansion of Abies during the High Medieval and Modern times in human-
influenced forests was to some degree corroborated by charcoal analysis from archaeological
layers, while pollen analysis is less supportive. The fact that the indications for Abies
expansion are in pollen diagrams less strong than in historical forestry data implies that there
are a number of sites where silver fir was indeed not expanding. Hence we suggest a new
version of the Abies story based on a combination of these data.

Abies expanded in the area of the Czech Republic after 2000bc during the Bronze and
Iron Ages. Because it even became common in settled areas, it must have been confronted
with human impact from the beginning of its postglacial migration to theCzech Republic.
Abies reached its highest ratio in forestsduring the Bronze and Iron Ages, and often even
during the Early Medieval. It was even common in the vicinity of settlements (Figure 5) from
the Bronze Age up to the High Medieval, where it was favoured by human activities such as
forest pasturing, litter raking and selective logging. It also regenerated well in forests that had
undergone intensive exploitation or on abandoned agrarian land (Malek, 1966, 1981; Pokorny
et al., 2006). Nevertheless, this expansion of Abies in human-influenced forests during the
High Medieval and Modern times occurred on limited area, which from approximatelly ad
1300 did not compensate for its overall decline. The reason for the decline during the last few

centuries is not known (Malek, 1981). It is clear, however, that Abies has quite narrow
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growth-condition requirements (Chmelaf, 1939). It prefers extensive forest management
including selective logging (Filipiak and Barzdajn, 2004; Grassi et al., 2004; Motta and
Garbarino, 2003), is endangered by ungulate-game browsing (Malek, 1981; Senn and Suter,
2003) and cannot tolerate any form of intensive and long-lasting human pressure (Carcaillet
and Muller, 2005; Malek, 1980; Rosch, 2000). Hence, when during the last several hundred
years the human population in the Czech area rose and forest exploitation intensified, 4bies
was replaced by Pinus, a typical r-strategist with lower ecological requirements, and Picea,
which was used for large-scale planting.

Our results show that the reconstructed Abies history very much depends on the data
source used. The Czech Republic has a mostly highland landscape with only a small area of
high mountains around its borders. Data from outside the Czech Republic that suggest an
extreme sensitivity of Abies to human impact consist mostly of pollen records from high
mountains (Burga and Hussendorfer, 2001; Feurdean and Willis, 2008; Keller et al., 2002;
Tinner and Lotter, 2005; Tinner et al., 1999; van der Knaap et al., 2004; Wick et al., 2003).
These studies are based on pollen records that are unable to distinguish specific types of
human impact (Gaillard et al., 2008). It has been observed that Abies growing at lower
elevations (below c. 600 m a.s.l.) has a much broader ecological amplitude, including pioneer
characteristics and drought tolerance (Burga and Hussendorfer, 2001; Dobrowolska, 1998;

Mialek, 1980; Schmidl et al., 2005), which are well represented in the Czech populations.

7. Conclusions

Forestry records available from the sixteenth century indicate a broad expansion of Abies
from the thirteenth to sixteenth centuries, suggesting an average Abies ratio in Czech forests
of 30% (Figure 2). Such a large ratio was not supported by palacobotanical records. We
therefore believe that generalisations made from historical forestry materials on a landscape
level are overestimated.

The late-Holocene expansion of Abies in the Czech Republic probably occurred on a
limited area, and could not compensate for the general Abies decline that started around ad
1300 (Figure 4). Pollen data from sites that were not directly influenced by humans did not
show an Abies expansion during High Medieval and Modern times. On the other hand,
charcoal records from archaeological sites better support the historical forestry data, though
these records are as yet too fragmentary.

An association between some types of human impact and the successful regeneration
of Abies has been widely observed (Filipiak and Barzdajn, 2004; Malek, 1981; Motta and
Garbarino, 2003; Pokorny, 2005; Pokorny et al., 2006; Schmidl et al., 2005; Senn and Suter,
2003), though this has rarely been described in detail. The result of human impact on Abies

remains complex, with a positive reaction seeming to be restricted to highland and lowland
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landscapes. The prevailing view as an extremely sensitive mountain species does not take into

account populations growing outside high mountains.
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Conclusions

Detailed and specific conclusions are posted in particular chapters. To summarize, this thesis
had two different aims, i) to study and describe characteristics of the Early Medieval
landscape and its transformation during the High Medieval by means of pollen analysis from
both archaeological layers and natural sediments; and ii) to assess the potential of analytical
pollen data from both archaeological layers and natural sediments. The question was whether
pollen analysis that is usually performed in natural sediments and that well-reflect long term
vegetation development, can be successfully applied to archaeological research in urban
contexts. In the case of natural sediments, the question was if the detail of pollen data is
sufficient to reflect landscape changes. Is important information missed when we only study

landscape history by reading pollen diagrams?

Pollen spectra from the Early Medieval archaeological layers typically include a high number
of pollen taxa representing both synanthropic and close-to-natural biotopes. These results give
the impression of a fine patchy cultural landscape, where human management was not yet
unified and intensive. A similar picture is given by pollen diagrams obtained from old
meanders located close to Early Medieval fortified agglomerations. Human impact there was
gradually increasing, but the species structure of forests and non-arboreal vegetation remained

more or less the same throughout the Early Medieval time (Appendixes 1 and 2).

Pollen spectra from the High Medieval period (starting during the 12 ™ and 13t centuries)
reflect radical changes. Close-to-natural biotopes became extremely rare in the towns, and
urban pollen spectra typically contain few prevailing and often nitrophilous taxa, e.g.
Chenopodiaceae. Intense exploitation of the landscape is reflected by a rapid decline of
arboreal pollen in pollen diagrams. The forest species composition was irreversibly modified
in favor of less demanding trees, mainly Pinus, which expanded dramatically. The expansion
of cultivated land is marked by an increase in cereals and weeds. A rather typical indicator of

the High Medieval sediments is Centaurea cyanus.

In urban contexts, the best analytical pollen results come from less-defined archaeological
layers such as street surfaces or mixed settlement and waste layers. Pollen analysis applied to
urban archaeological research is useful for a description of general environmental conditions
of a site and its close vicinity. An ideal pollen research strategy in the urban environment is to
sample many different archaeological layers in order to compare pollen spectra formed by

different factors.

Some landscape changes that occurred on a limited area can be hidden in pollen diagrams. A

good example is the expansion of Abies alba in Czech forests influenced by forest pasturing,
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litter raking and selective cutting, as is evidenced by forestry archives and assumed to have
happened between AD 1300 — 1600. Although interpretations of the original forestry archives
led to an overestimation of the extent of Abies expansion, it must have been striking in some
areas, especially at higher elevations above 350 m asl. While charcoal data from cultural
layers do at least partly reflect the medieval Abies expansion around settled areas, pollen data
from sites that are not situated close to settlements show a gradual 4bies decline during the
High Medieval.
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