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Introduction

Research on pollen stratigraphies had quite a long tradition in the former Czechoslovakia.
The adoption of a more rigorous determination of time and taxonomy in pollen analysis
resulted in the data being frequently used for reconstructing changes in the postglacial en-
vironment. Recently, more scientists addressing specific questions have requested com-
parisons of pollen analytical data from several stratigraphies (Pokorny 2002b, Pokorny
2004, Kunes et al. 2008).

At a continental scale, information on past vegetation has been used to answer questions
about past climate change (Davis et al. 2003), the spread and distribution of woody species
(e.g., Magri 2008) and potential future conservation of the environment (Anderson et al.
2006). Many studies could benefit from the European Pollen Database (EPD), where around
40 datapoints from the Czech Republic are already archived. These datapoints originated
mainly from pollen sequences published in the 1970s and 1980s and some of them are core
localities with well-established chronologies (e.g., Jankovskd 1987, Rybnickovd &
Rybnicek 1988a). However, during the last 15 years, Czech palynologists have analyzed and
dated many new pollen sequences of high importance. Some of these sequences were pub-
lished in international journals and therefore are well-known and readily available to authors
(Pokorny 2002a, Svobodova et al. 2002, Pokorny et al. 2006, Rybnickova & Rybnicek
2006). Others are, unfortunately, published in local journals and sometimes in local lan-
guages (Jankovska 1998, Svobodova 2004); others remain unpublished (Appendix 1).

Although global questions require integrated datasets, the existence of local and re-
gional databases has advantages: database managers can benefit from their familiarity
with the area of the Czech Republic; they know most of the researchers personally, the his-
torical background and taxonomic concepts utilized by individual researchers. This auto-
matically results in a high-level of accuracy of the data, which can be immediately
checked, and database managers can easily track current research and encourage authors
to submit their data, with communication occuring at a personal level.

Electronic databases enhance knowledge by providing large collections of information,
which can be used in wider syntheses of data. In the region of Central Europe, there are
several examples, ALPADABA (Bern), Polish Pollen Database (Ralska-Jasiewiczowa et
al. 2004) and the Czech National Phytosociological Database (Chytry & Rafajova 2003).

This encouraged us to compile a computer-based database of pollen stratigraphical
data, which will provide: (i) an archive of raw data (pollen counts) and metadata; (ii) statis-
tics for regional syntheses; (iii) support for the EPD; and (iv) a possible link with other lo-
cal databases (archaeological database, modern pollen database, archacobotanical data-
base of plant macrofossils, phytosociological database), all of which would be a great con-
tribution to future research (Fig. 1).

The aim of this paper is to review data from the Czech Quaternary Palynological Data-
base (PALYCZ), which consists of pollen sequences analysed during the last 50 years in
the Czech Republic, and indicate the basic statistical outputs and possibilities for further
analyses. In addition, data analysed by Czech and Polish palynologists in Slovakia and
a few sites near the border in Germany are also included into PALYCZ. Many researchers
will benefit from this data in the future.
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Fig. 1. — Schematic diagram of possible interactions between PALYCZ and other databases or datasets. Dashed
indicates in progress.

PALYCZ from a historical perspective

Collecting data from palynological sequences had a long tradition in the former Czecho-
slovakia. Although the first investigation analysing an inventory of peat-bogs and a few
macrofossils was published by FrantiSek Ladislav Sitensky (1885, 1886, 1891), the real
beginning of quaternary palynology is connected with Karl Rudolph (born 11. 4. 1881 in
Teplice), who worked at the German University in Prague. He was inspired by attending
the “IV. Internationale Pflanzengeographische Exkursion” in 1916 in Scandinavia, where
he explored northern-European vegetation and met L. von Post, the leading pollen analyst
at that time. Investigations first led K. Rudolph to the Tteboii Basin (S Bohemia) and the
first publications of data for Siroké blato, Pfibraz and Mirochov (Rudolph 1917). Franz
Firbas, Rudolph’s first co-worker, focused on the Plou¢nice region (Polzengebiet) in N
Bohemia (Firbas 1927; see Fig. 2), where he analysed 25 sites. His students and colleagues
continued research in the Jizerské hory Mts (Plail 1927), Cheb Basin (Funeck 1931) and
Orlické hory Mts (Miiller 1929) so intensively that by 1929 Rudolph could publish a re-
view article summarizing these results (Rudolph 1929). Researchers from Rudolph’s
school also collected data outside the borders of Czechoslovakia —in the Pannonian Basin
(Kinzler 1936), N Tatra Mts (Peterschilka 1927) and other areas (see Firbas 1949, 1952).
The palynological workgroup educated many good students. Nevertheless, the outbreak of
World War II inhibited further expansion of the group. Some of the students were killed
(like Karl Preis; 1941 in Russia), while others were expelled from Czechoslovakia in
1945. Franz Firbas re-established his group at the University in Gottingen. In 1988, Hans
Schmeidl, the last student of K. Rudolph, was still lecturing on vegetation history in Mu-
nich. After World War II, Hubert Losert (who worked at Komoranské lezero lake and in
the Elbe Basin) and Hugo Salaschek (who worked on Moravo-Silesian peat-bogs) did not
return to palynology but both became secondary school teachers. However, they analysed
and published an outstanding number of profiles, which are still a great inspiration for
modern palaecoecology (Fig. 2).
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Fig. 2. — Map of palynological profiles not meeting the required standard of data quality. Black points indicate
sites for which the results were included in the database only after the sites were revisited. References to numbers:
1 —Fahl 1926; 2 — Fejfar et al. 1955; 3 — Firbas 1927; 4 — Firbas 1929; 5 — Firbas & Losert 1949; 6 — Funeck 1931;
7 — Gough 1992; 8 — Granzner 1936; 9 — M. Kaplan, unpublished; 10 — Kern 1939-1940; 11 — Klecka 1926a; 12 —
Klecka 1926b; 13 — Klec¢ka 1928; 14 — Kneblova-Vodi¢kova 1966a; 15 — Kneblova 1956a; 16 — Kozakova &
Kaplan 2006; 17 — Kral 1979; 18 — Kriesl 1959; 19 — KriZzo 1958; 20 — Losert 1940a; 21 — Losert 1940b; 22 —
Losert 1940c; 23 — Mraz & Pacltova 1956; 24 — Miiller 1927; 25 — Miiller 1929; 26 — Némejc & Pacltova 1956;
27 — Opravil 1959; 28 — Opravil 1962; 29 — Pacltova 1957; 30 — Pacltova & Hubena 1994; 31 — Pacltova & gpinar
1958; 32 — Plail 1927; 33 — Puchmajerova 1929; 34 — Puchmajerova 1936; 35 — Puchmajerova 1943; 36 —
Puchmajerova 1944; 37 — Puchmajerova 1945; 38 — Puchmajerova 1947a; 39 — Puchmajerova 1947b; 40 —
Puchmajerova 1950; 41 — Puchmajerova & Jankovska 1978; 42 — Purkyné & Rudolph 1925; 43 — Purkyné &
Rudolph 1927, 44 — K. Rudolph, unpublished; 45 — Rudolph 1917; 46 — Rudolph 1926; 47 — Rudolph 1931; 48 —
Rudolph & Firbas 1924; 49 — Rudolph & Firbas 1927; 50 — Salaschek 1936; 51 — Schmeidl 1940; 52 —
Sladkova-Hynkova 1974; 53 — Stark & Overbeck 1929; 54 — gtépénové 1930; 55 — Vodic¢kova 1981; 56 — Wiinsch
1935; 57 — Wiinsch 1939; 58 — Zebera 1957.

To this generation of German palynologists we can also add a few scientists that
worked at the Czech Agricultural University (Klecka 1926a, b) and the Czech part of
Charles University (Puchmajerova 1929, Stépanova 1930). The last-mentioned author
was active until 1950. Pacltova (1957), Kriesl (1959) and KriZzo (1958) studied pollen
analyses relevant to forestry, while Kneblova (1956) focused on geological questions.
Opravil (1959) began with palynological studies in Keprnik-Jeseniky, but later switched to
archaeobotanical macrofossil analyses.

A comprehensive overview of all the data from this early period of research in the
Czech Republic is illustrated in Fig. 2. Even though much of the primary data from this pe-
riod are available in publications they are not included in the PALYCZ for reasons de-
scribed below.
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The modern palynological approach, which uses the determination of herb
palynomorphs and "“C dating, was founded at the Institute of Botany of the Academy of
Sciences in Brno by E. Rybnickova. Since the 1960s, several palynologists have gone
through this institute (M. Peichlova, A. Konétopsky, H. Sladkova-Hynkova, H. Hiitte-
mann and many others), including V. Jankovska (still active there) and H. Svobodova-
Svitavskd, who entered in the 1980s and subsequently moved to the Institute of Botany at
Prihonice. Associated were quaternary palynologists among the geologists in Prague,
namely V. Kneblova-Vodic¢kova and E. Bfizova, who is currently working at the Czech
Geological Survey in Prague. During the 1970s and early 1980s the group established an
internationally recognized palynological school in Central Europe, which is documented
by a number of foreign exchanges and cooperative studies. For Slovakia E. Krippel pub-
lished a comprehensive study of postglacial development of vegetation in that area
(Krippel 1986). A summary of the major interactions and developments during the past
century is shown in Fig. 3.

The first attempts to establish a Holocene pollen database for former Czechoslovakia
were made by E. Rybnickova and K. Rybnicek based on isopollen maps (Rybnickova &
Rybnicek 1988b, Rybnicek & Rybnickova 1994) and profited from the wide synthesis
published by Rybnickova (1985). Then, an advanced pollen database was created by
Pokorny (2002b, 2004); however, much of the data were extracted directly from pollen di-
agrams by recalculating scanned pollen curves. Therefore, we decided to collect all the
pollen data for the Czech Republic and store them in a unified database.

Data collection, database structure and nomenclature in PALYCZ

PALYCZ contains data from quaternary pollen sequences from the Czech Republic that
were mainly analysed after the late 1950s. However, data are not included if: (i) the author
is deceased and the data are lost, (ii) for some reason the data do not match pre-defined cri-
teria (see the section Assessment of data quality) or (iii) they are is still undetermined for
technical or other reasons proposed by the author. Additionally, we included into PALYCZ
data from Slovakia collected by Czech and Polish palynologists and few sequences from
bordering areas in Germany. All the pollen sequences were obtained directly from the au-
thors or from original publications and where possible the raw pollen counts were stored
with metadata from the locality. Metadata for each profile consists of author, a description
of the locality (including geographic coordinates), type of sediment, radiocarbon dates,
etc. A complete list of pollen profiles included in the database (as of 31. 12. 2008) is avail-
able in Appendix 1 and their geographical distribution is shown in Fig. 4.

The PostgreSQL® database software was used to store the data. This is an open source
application, which offers easy implementation into html protocol. The structure of the da-
tabase follows the EPD structure. Data are stored in relational tables to allow for a very
broad range of queries, which may provide answers to very specific scientific questions.
PALYCZ maintains original taxa names used by each pollen analyst. These names are then
linked to two alternative nomenclatures: PALYCZ taxa, which is based on ALPADABA
and includes details of the taxa designated by the original authors, and Beug taxa (Beug
2004), which merge some groups.
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Fig. 4. — Location of all 120 sites projected on a hypsometric map of the Czech Republic and relevant neighbour-
ing areas. For a complete list of localities refer to Appendix 1. Roman numerals refer to the main
geomorphological regions in Appendix 1.

We developed the PALYCZ 1.0 utility for importing spreadsheets of pollen counts into
the database structure and for matching original taxa names with PALYCZ taxa. An up-
dated version of the database is accessible at http://botany.natur.cuni.cz/palycz.

PALYCZ is also designed for routine use by the palynological community. It allows for
the submission of new profiles along with their metadata, which remain in the category
“unfinished”. Data are stored in the database under three different categories: open (can be
publicly used), restricted (finished but not published) and ongoing (unfinished).

Chronologies

PALYCZ contains 292 "C and 6 2'°Pb dates for 76 profiles. In all, there are 27 entities with
one or two dates only. When constructing depth-age models, calibrated BC/AD radiocar-
bon dates were mainly interpolated linearly between the midpoints using a 26 range of er-
ror. For the construction of depth-age models, we used the application written by Maarten
Blaauw (in prep.) for the R program (R Development Core Team 2008).

To demonstrate possibilities and weaknesses of depth-age models we provide four ex-
amples (Fig. 5). Poor chronological information on pollen sequence is quite a common
problem with the data in PALYCZ, which results in it being only possible to predict (esti-
mate) one or two dates using the depth age model (as in Fig. 5d).
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Fig. 5. —Depth-age models of four entities showing a good model that can be extrapolated (a), the best chronology
but for a particular period only (b), the problem of making a long extrapolation into the late glacial (c), model
based on two datapoints with linear interpolation and a large uncertainty interval (d).

Basic statistics of data

In total, 609,896 items (= count for profile, depth and taxa) from 5901 samples, 152 enti-
ties and 120 sites reported by 19 authors are currently included in PALYCZ. All items can
be divided among: herbaceous pollen (51%), tree-shrub pollen (26%), aquatics (7%),
spores of vascular plants and bryophytes (7%), non-pollen objects (fungal spores, ani-
mals, tertiary spores, etc.) 5% and algae (3%). Microscopic particles of charcoal were
counted in 14 profiles.

A complete list of all the localities studied is presented in Appendix 1. We also recorded
repeated research at localities and the 16 most revisited are presented in the following list
(number in brackets indicates number of studies undertaken at each locality including of
different profiles by the same author): Komotanské jezero (5), Pancavska louka (5),
Hrabanovska Cernava (4), Mala Jizerska louka (4), Upské raselinisté (4), Barbora (3),
Borkovicka blata (3), Cernd hora (3), Cernovir (3), Cervené blato (3), Keprnik (3),
Meélnicky aval (3), Rejviz (3), Svarcenberk (3), Velka Jizerska louka (3) and Vracov (3).
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Assessment of data quality

If we disregard available metadata on location, dating, stratigraphy etc., the quality of any
given sample is influenced by three main factors: (i) the level to which all objects were de-
termined (palynomorphs, sporomorphs, non-pollen objects), (ii) pollen sum and (iii) pol-
len influx.

(1) The most important factors influencing quality of data are when the pollen analysis
was done and its author. The criteria we used were that the profile must contain well identi-
fied herbaceous taxa and recorded at a time when radiocarbon dates were generally ac-
cepted as reliable. For this reason, we did not include the data of most early German au-
thors (for review see Appendix 1) or from studies prior to 1959 (first analysed profile of
Brusperk is in PALYCZ; see the section Data collection, database structure and nomencla-
ture in PALYCZ). Authors influence the quality of taxonomic determination, especially of
herbaceous taxa. Some authors only determine the families in particular cases, while oth-
ers name species if possible. That is why there are several taxonomical levels in PALYCZ,
e.g. Pinus at a high level contains two pollen types, Pinus sylvestris and Pinus cembra. In
this case, it is possible to avoid several errors that might arise from detailed queries. The
data source may also cause errors, especially when data are stored in an electronic form.
We first collected sequences stored in the EPD, but counts and even metadata had to be
corrected based on the original spreadsheets. For the types of errors encountered see Fyfe
et al. (2009).

(ii) Pollen sum mainly depends on the preservation of the sediment from which the
sample was taken, but also on the purpose of the study. In PALYCZ, 3% of the samples
have a sum lower than 200 pollen grains, 21% between 200 and 400, 60% between 400
and 1000 and 16% more than 1000 pollen grains.

(ii1) Adding and counting exotic markers in order to determine pollen influx was not
widely used by Czech palynologists. An indicator (Lycopodium tablets) was used in eight
profiles, totalling 398 samples, which is lower than 1% of the whole database. Only 17%
of the samples for which pollen influx was determined lie between the recommended rates
of 1:5 and 2:5 (Moore et al. 1991), while 25% of the samples have more indicators and
58% more fossil pollen.

Analysis of main pattern in data using multivariate methods

Multivariate statistical analysis was used to determine the main patterns in the data. We
extracted all pollen samples from PALY CZ with percentages of pollen taxa related to total
pollen sum, which was the sum of arboreal and non-arboreal pollen. The pollen nomencla-
ture was standardized to conform to Beug (2004) and taxa were not included in the data-
base if based on fewer than 30 pollen grains.

The samples were analysed by non-metric multidimensional scaling (NMDS; Kruskal
1964), the most robust and effective technique for the ordination of community data
(Minchin 1987). NMDS orders samples in a specified number of dimensions, such that the
distances among all pairs of quadrats in the ordination are, as far as possible, in rank-order
agreement with compositional dissimilarities among the samples. We used two dimen-
sions and the Jaccard quantitative index as measures of compositional dissimilarity. In or-
der to reduce the weight of the dominant species the percentages of pollen taxa were
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Fig. 6. — NMDS ordination scatterplot of samples. Grey dots indicate pollen samples, black triangles indicate av-
erages of the scores for each stratigraphically connected time slice. Time is indicated in thousands of years BC or
AD.

square-root transformed before computation of the Jaccard index. NMDS ordination was
performed in PC-ORD program (McCune & Mefford 1999) with 50 random starts and
a maximum of 100 iterations of each run.

Further, millennial time slices were determined according to calibrated radiocarbon
years for localities for which there were depth-age models (see above). An average time
was calculated for the ordination scores of all samples in each time slice (1000 years) and
then displayed in the ordination diagram. A line connects the average points according to
their position on the time scale (from the oldest to the youngest).

Results of the NMDS analysis of all pollen samples are shown in the ordination dia-
gram (Fig. 6). The pattern in the data follows vegetation development from late-glacial
cold steppes and open forests to Holocene forests dominated by broad-leaved tree species.
During the Holocene, the vegetation development follows a typical interglacial pattern
(Birks & Birks 2004), namely from forests dominated by pioneer deciduous trees and co-
nifers, through mixed deciduous forests and back to conifers.
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Concluding remarks

Over the last hundred years, a large amount of pollen analytical data was collected in the
former Czechoslovakia. There was a significant increase in the quality of this data, espe-
cially over the last 50 years, as all data from this time attained current standards. Improve-
ment in the methodological and conceptual approach of vegetational historical studies is
clearly visible at reinvestigated sites. Scientists realized that they can reuse a unique sedi-
ment by improving taxonomic resolution and thus obtain a better chronology or higher
resolution for answering specific questions more precisely. Some places were revisited
several times, and this can be attributed not only to a desire for improving the quality of the
data, but also to the uniqueness of such sites.

Data stored in PALYCZ can be used for testing ecological hypotheses and answering
questions concerning species migration, human impact, or nature conservation. However,
this ongoing research identified three main problems that should be addressed in future
studies: (i) the very poor chronology of sequences, (ii) a lack of influx pollen counts, and
(iii) temporal and spatial resolution of both samples and sites. We would like to encourage
all quaternary pollenanalysts to join the common network, which is based regionally
(PALYCZ) or internationally (EPD), and submit their data to the databases. We plan to de-
velop PALYCZ in the future to include an administrative interface where authors can sub-
mit, edit and track their own data. We hope that the missing aspects highlighted in this pa-
per will be finally filled and encourage authors to believe that such an endeavour would be
to their advantage.
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Souhrn

Clanek reviduje data z kvartérnich palynologickych profilfi, které vznikly na tzemi Ceské republiky, s cilem shro-
mazdit je v Ceské kvartérni pylové databdzi (PALYCZ) a nastinit moZnosti jejich vyuZiti p¥i regionalnich syntézach
(databaze obsahuje téZ profily pofizenych ¢eskymi a polskymi palynology na Slovensku a v pifhrani¢nich oblastech
Némecka). Prace na pylovych stratigrafiich pfinesly za poslednich sto let vyjimecné mnoZstvi dat, kterd je mozZno
vyuZit pro razné typy rekonstrukci prostiedi. Ve spojeni s dal§imi mistnimi databazemi maji tato data i znacny lokal-
ni vyznam. Pro zahrnuti dat do databaze PALYCZ byla stanovena kritéria, Ze ur¢ovani pylu musi zahrnovat detail-
néjsi rozliSeni bylin a radiokarbonova data musi byt jiz obecné dostupna. K 31. prosinci 2008 bylo revidovano 177
pylovych profili. Data ze 152 sekvenci jsou jiZ uloZena v rela¢nich tabulkach PostgreSQL®, aby umoznila Sirokou
Skalu dotazli pomoci protokolu html. Od roku 1959 byla data analyzovéna celkem 15 autory; skladaji se z origindl-
nich pylovych po&td, '“C dat and rtiznych metadat o lokalité. Data jsme analyzovali s pouZitim ordinace viech pylo-
vych vzorkd pomoci nemetrického mnohorozmérmého skalovani (NMDS). Ordinaéni diagram s odpovidajicimi ti-
siciletymi intervaly odraZi hlavni strukturu dat. Diskutovéna je téZ kvalita dat v kontextu s historii vyzkumu a pouZi-
tymi metodami. Databdze je umisténa na adrese http://botany.natur.cuni.cz/palycz.
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