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Abstract

Forests cover approximately one-third of Central Europe. Oak (Quercus) and European beech 

(Fagus sylvatica) are considered the natural dominants at low and middle elevations, respectively. 

Many coniferous forests (especially of Picea abies) occur primarily at midelevations, but these are 

thought to have resulted from forestry plantations planted over the past 200 years. Nature 

conservation and forestry policy seek to promote broadleaved trees over conifers. However, there 

are discrepancies between conservation guidelines (included in Natura 2000) and historical and 

palaeoecological data with regard to the distribution of conifers. Our aim was to bring new 

evidence to the debate on the conservation of conifers versus broadleaved trees at midelevations in 

Central Europe. We created a vegetation and land-cover model based on pollen data for a highland 

area of 11,300 km2 in the Czech Republic and assessed tree species composition in the forests 

before the onset of modern forestry based on 18th-century archival sources. Conifers dominated 

the study region throughout the entire Holocene (approximately 40–60% of the area was covered 

by coniferous forests) . Broadleaved trees were present in a much smaller area than envisaged by 

current ideas of natural vegetation. Rather than casting doubt on the principles of Central 

European nature conservation in general, our results highlight the necessity of detailed regional 

investigations and the importance of historical data in challenging established notions on the 

natural distribution of tree species.
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Introduction

Approximately one-third of Central Europe (here defined as Poland, the Czech Republic, 

Slovakia, Hungary, Germany, and Austria) is covered by woodland (Forest Europe et al. 

2011). Forests are thought to have occupied almost the entire region before the appearance 

of settled human communities, although the structure of this vegetation has been under 

intense debate recently (Vera 2000; Hodder et al. 2005). The sheer amount of forests in the 

region and their accepted status as the natural vegetation (Bohn et al. 2000) make them the 

backbone of nature conservation under national and EU legislation (Evans 2006; European 

Commission 2013). However, not every forest is considered equally natural. Established 

principles of what types of forests are worth conserving or promoting have far-reaching 

consequences not only for protected areas but also for ordinary managed forests.

In Europe deliberate forest regeneration through planting of young trees was unusual until 

the 18th century (Radkau 2011). By that time, millennia of management had altered the 

structure and species composition of tree populations (e.g. Dufraisse 2008), but common 

tree species rarely spread beyond their original distribution range except in orchards and 

formal gardens. This changed with the advent of modern forestry. Foresters, especially in the 

early 19th century, were strongly engaged in experimenting with different, especially fast-

growing, tree species to see which would produce the highest yields at any given location. 

Promising species were subsequently extensively planted, rather like an arable crop that can 

be freely transported. Criticism of these methods was voiced in forestry circles as they were 

being implemented (Gayer 1886).

Interest in what tree species could be considered native in various regions goes back at least 

to the 18th century (Barrington 1769). After plantation forestry became common, questions 

about the original range of native species also emerged. Micklitz (1857), for example, tried 

to determine the preplantation distribution of European larch (Larix decidua) in the Czech 

Republic. Research into past forest communities was taken to a new level by the invention 

and application of pollen analysis in the late 19th and early 20th centuries (von Post 1916; 

Manten 1967). Pollen analysis allows researchers to follow the history of tree species (or 

genera) over thousands rather than hundreds of years.

Roughly concurrent with the birth of palynology, phytosociology was created (Braun-

Blanquet 1918). Phytosociology aims to delimit and characterize vegetation types based on 

floristic composition, which are combined into abstract vegetation types (Dengler et al. 

2008). Perhaps the primary applied use of phytosociology is determination of potential 

natural vegetation (PNV), a concept which was developed in the mid-1950s (Tüxen 1956). 

Determination of PNV includes delineating vegetation units and mapping their distribution. 

Researchers studied existing pieces of what appeared to be natural vegetation and combined 

this information with a thorough knowledge of abiotic conditions to predict what kind of 

Szabó et al. Page 2

Conserv Biol. Author manuscript; available in PMC 2018 February 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



vegetation would develop “if human influence on vegetation was removed ... and the natural 

vegetation was imagined as switched into a new balance within a split second…” (Tüxen 

1956 translated in Zerbe 1998). What was seen as natural was, among other things, 

determined by palynological results. Recently, the relationship between early palynology, 

phytosociology, and PNV has been debated intensely(e.g., Carrión & Fernández 2009; 

Chiarucci et al. 2010; Somodi et al. 2012).

Although it is clear that PNV was not originally intended to describe vegetation before 

human impact, it is also undeniable that phytosociology-based PNV maps (or the closely 

related maps of reconstructed natural vegetation) have been interpreted as references to the 

prehuman past (e.g., Györffy & Zólyomi 1994; Mikyška et al. 1968). Relative to our purpose 

here, the basic concepts of PNV and phytosociology have had a significant and long-lasting 

effect on nature conservation and forestry policy, especially in Central Europe (Chytrý 

1998). Vegetation thought to be natural at any given location is often used as a baseline. 

Although modern nature conservation is multifaceted and concepts such as the historical 

range of variation complement more static views of nature (Wiens et al. 2012), baseline 

conditions are still widely used. Perhaps because phytosociology is one of the few branches 

of research to describe vegetation based on species composition over large areas in a 

coherent manner, it formed the basis of the NATURA 2000 network, which covers 

approximately 17% of the European Union (Biondi et al. 2012; European Commission 

2013).

Coniferous tree species, especially Norway spruce (Picea abies) and Scots pine (Pinus 
sylvestris) were most often used in Central European forestry plantations, which created an 

aura of unnaturalness around them. Pollen-based biostratigraphy claimsthat the current 

climate (the ’Subatlantic) is the most favourable for European beech (Fagus sylvatica) 

(Firbas 1949–1952). Phytosociologists found virtually no coniferous stands they considered 

natural except at high elevations. At present, beech is considered the natural dominant 

species at most midelevation sites in Central Europe (Ellenberg 1996). This idea is 

supported by observations at many old-growth sites in the region, which are either 

dominated by beech or show succession towards beech stands (Standovár & Kenderes 2003; 

Mölder et al. 2008). All this is reflected in forestry policy. For example, in the Czech 

Republic “target forest communities” (tree species composition that should result from 

management and planting) from 400 to 900 metres asl are dominated by beech (Průša 2001).

The tendency to consider conifers less important than deciduous tree species was noted as a 

potential source of error. This is not a new claim. In 1978, Rybníček and Rybníčková 

pointed out discrepancies among PNV maps, pollen profiles and archival documents and 

suggested the possible existence of “virgin coniferous forest at middle altitudes in 

Czechoslovakia,” by which they meant the occurrence of Norway spruce, silver fir (Abies 
alba), and Scots pine forests between the Iron Age and the Early Middle Ages (Rybníček & 

Rybníčková 1978). Based on archival documents, Nožička (1972) reconstructed a much 

larger distribution area for spruce than documented earlier. However, this topic received little 

further attention and the evaluation of conifers for nature conservation and conservation-

minded forestry in Central Europe have changed little since the mid-1960s.
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Our aim was not to produce improved PNV maps; rather, we sought to show how the past 

may be relevant to the understanding of present ecosystems and their future managementt. 

We conducted an interdisciplinary study based on pollen data, information in archival 

documents, potential natural vegetation, and current vegetation. We sought to create a 

pollen-based vegetation and land-cover model for our study region; assess tree species 

composition in forests before the onset of modern forestry; and compare these results with 

ideas of natural vegetation as used in current nature conservation and forestry. Our approach 

is novel because instead of scattered point data (typical for palynology and historical 

research), we created a landscape model and processed large amounts of archival 

information from the preforestry period to provide a coherent, high-resolution picture of past 

vegetation for a large region.

Methods

Study area

The Bohemian-Moravian Highlands lie between the historic regions of Bohemia and 

Moravia in the Czech Republic (Fig. 1). To define the study area (ca. 11,300 km2), a 

minimum bounding circle covering all sites where pollen was collected was generated in 

ArcGIS (version 10.1) , and its centroid was used to create a 60-km circle. The climate of 

the region is moderately warm; yearly average temperatures are 6–8 °C and precipitation is 

550–700 mm (Tolasz et al. 2007). The most soils are cambisols. Generally speaking, the area 

is undulating; the highest point is 863 m. Human history in the region is poorly documented. 

Prehistoric archaeological finds are rare, at least partly because of a lack of research. 

Medieval colonization started in the 12th century (Hrubý et al. 2014). By the late 14th 

century, the settlement pattern of the region was similar to the present pattern, although 

settlement desertion in the Late Middle Ages was a significant factor in some areas (Nekuda 

1961).

Palynological model

We used 6 pollen profiles to construct Holocene regional vegetation estimates for our study 

area (Fig. 1). Five sites were new and one was from a previous study (Rybníčková & 

Rybníček 1988), for which data were obtained from the Czech Quaternary Palynological 

Database (Kuneš et al. 2009). All pollen profiles were radiocarbon dated using terrestrial 

plant macrofossils or peat sediment if no macrofossils were available (Supporting 

Information). For all sites, we constructed chronologies with Bayesian age-depth modelling 

implemented in the Bacon program (Blaauw & Christen 2011; Supporting Information).

We aggregated pollen counts in 500-year intervals for the entire Holocene at each site and 

used the aggregated counts to reconstruct regional vegetation with the REVEALS model 

(Sugita 2007a). Previously, we validated the REVEALS model based on present-day 

vegetation in the Czech Republic (Abraham et al. 2014), which allowed us to correct model 

parameters. Validation is necessary, because parameters tend to show geographic instability 

due to regional climatic, edaphic or species-competition differences. Based on these 

simulations, we chose to reconstruct vegetation at a spatial extent of 60 km. The REVEALS 

model was originally developed to provide regional vegetation abundance using pollen data 
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from large sites (>100 ha). However, REVEALS can provide reliable estimates when 

multiple small sites, including bogs, are used (Mazier et al. 2012). For the REVEALS runs, 

we used all available sites for each time window. The program then calculated the mean 

vegetation composition from all available sites and the corresponding mean error estimates 

for each taxon (Sugita 2007a). This approach, however, can result in large error estimates 

depending on the number of sites used and the input of taxa with low pollen counts in the 

calculations. In some time windows only two sites were available; thus, such results must be 

interpreted with caution.

Altogether 29 pollen-equivalent taxa were used for which relative pollen productivities, one 

of the most important model input parameters, were available and tested for the region 

(Abraham & Kozáková 2012; Abraham et al. 2014). Other parameters included the fall 

speed of pollen (Supporting Information) and wind speed, which was set to 4 m/s according 

to average measured values. The Prentice dispersal-depositional bog model (Prentice 1985) 

was used to calculate regional vegetation composition (Sugita 2007b). We made calculations 

in R (R Core Team 2014) and used the R function to calculate mean vegetation abundances 

and their error estimates based on the bootstrap method (https://github.com/petrkunes/LRA).

Vegetation reconstruction based on archival data

We gathered information on tree species composition for the late 18th century. In this period, 

forests were affected by traditional management (such as coppicing or litter raking) but not 

by conifer plantations (Nožička 1957). Our basic source was the so-called Josephian 

cadastre. Cadastral surveys in the Czech Lands were carried out from the 17th century 

onwards to establish the value of each piece of land for taxation purposes. Compiled from 

1787 to 1789, the Josephian cadastre was an ambitious undertaking of Emperor Joseph II of 

Austria (Roubík 1954). This survey took the parish (usually a single village and the 

surrounding area) as the basic survey unit. Part of this cadastre was the Waldfassion, a 

detailed survey of forests that included the name, topographic description, size, dominant 

tree species composition, and management (coppice or high forest). The Josephian cadastre 

thus described the entire study region (rather than random points) in sufficiently high 

resolution immediately before the onset of plantation forestry. This survey was compiled 

separately for Bohemia and Moravia. Processing the Josephian cadastre was extremely time 

consuming: a single Waldfassion often comprises dozens of folios in which data have to be 

aggregated manually. Furthermore, Czech archival regulations restrict the number of 

documents that can be accessed daily. Therefore, we had to limit ourselves to the Moravian 

part of the cadastre (57% of the area covered by REVEALS), which is kept at the Moravian 

Archives under shelfmark MZA D 6. Not providing complete coverage for the area 

described by the pollen-based model is a disadvantage. Nonetheless, vegetation in the 

Bohemian and Moravian parts of the Highlands is reasonably similar. Analysing only 

Moravian data did not compromise the relevance of our conclusions in the sense that we did 

not intend to compare pollen results with archival documents in a straightforward and 

spatially explicit manner but rather aimed to point out similarities in these independent 

datasets. All historical information was connected to current parishes because these – as in 

other parts of Europe – have been relatively stable since the Middle Ages. Data were 
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processed in ArcGIS 10.1. Current parish boundaries were obtained from the Czech Office 

for Surveying, Mapping and Cadastres.

PNV and current vegetation

Potential natural vegetation was available as a GIS layer of the latest PNV map of the Czech 

Republic (Neuhäuslová et al. 2001). In the study area, the PNV map shows the dominance of 

oak-hornbeam forests (37%, mainly at 250–500 m), acidophilous beech forest (37%, mainly 

at 450–700 m), and herb-rich beech forests (19%, mainly at 450–650 m). Conifer-dominated 

vegetation was negligible. Current vegetation was derived from CORINE 2006 land-cover 

mapping based on satellite imagery; forests were classified as broadleaved, coniferous, or 

mixed (Heymann et al. 1994; European Environment Agency 2007). At present, forests 

cover almost 29% of the area; the lowest elevations (150–250 m) are largely deforested. 

Forests are mostly coniferous (63%) or mixed (30%). These data refer to the part of the 

study area covered by archival sources.

Results

Palynological model

The REVEALS model for the region (Fig. 2) showed the continuous dominance of spruce 

(as much as 60–70% of the area covered by spruce forests in some periods) from 

approximately 7000 BC onwards, when spruce replaced the earlier dominant pine. The 

spruce cover in the REVEALS model could be three times higher than values shown by 

mere pollen percentages (Fig. 2). Spruce was less overwhelming in the landscape after 2000 

BC, and during this period an increase in Quercus occurred. Fagus, Abies and Carpinus also 

increased albeit to a much smaller degree. Approximately 2500 years ago oak forests 

declined and Cerealia (arable fields) significantly increased. It would be logical to assume 

(even though the REVEALS model says nothing about spatial distribution) that arable fields 

replaced oak forests. Nonetheless, spruce remained dominant throughout. Beech stands 

apparently never covered more than 10% of the landscape. The effects of large-scale spruce 

plantations, which were supposed to completely alter tree species composition in the region, 

were invisible in the model and in individual profiles (Supporting Information).

The model produced large error estimates especially in the middle period (ca. 3500-500 BC) 

because the time slices were modelled based on different numbers of sites (Fig. 2). However, 

the overall image of vegetation development was consistent and the dominance of spruce 

forests was such that it remained evident even for lower values within the range.

Archival sources

The study area included 1183 parishes in Moravia. We did not find archival records for 41 

parishes, and 126 parishes were completely deforested. We found species-level data for 761 

parishes. For the remaining parishes, we used data differentiating only between hardwood 

and softwood forests. With few and relatively unimportant exceptions (such as willow), 

softwood species in the region equal conifers (pine, spruce, fir) and hardwood species equal 

broadleaved trees (oak, beech, hornbeam); therefore, even this basic classification provided 

the same detail as CORINE land-cover mapping. In the majority of cases, the forested areas 
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in each parish were described and a list of dominant tree species was provided; there was no 

information on the proportion of each species. Thus, we used the presence or absence of 

species in individual parishes rather than area coverage by species.

Conifers dominated in terms of both the number of parishes with the occurrence of 

individual species and the area of forests in which different species occurred. Out of the 

1016 parishes with forests, only 22 had no conifers in them (Table 1). The elevation 

distribution of species showed a characteristic pattern (Fig. 3 a, b, c). Broadleaved trees were 

the most frequent at elevations between 300 and 350 m. In this zone, beech, oak and 

hornbeam often occurred in the same forests. As expected, beech also grew at higher 

elevations up to 800 m but far less frequently than supposed by PNV maps. Beech was less 

common from 400 to 600 m (the elevation at which according to forestry zones it should be 

absolutely dominant), which created a bimodal distribution pattern. Conifers were more 

widely distributed than broadleaved trees already at low elevations (300–350 m). Above 

about 400 m, conifers were present virtually everywhere. Furthermore, forests in 58% of the 

parishes were made up of only conifers (Fig. 4). This was particularly striking from 450 to 

600 m, where broadleaved trees occurred only in about 15% of the study area.

Spatial distribution patterns were also pronounced (Fig. 4, Supporting Information). When 

not in the oak-hornbeam phytogeographical zone, beech tended to occur in the herb-rich 

beech and spruce-beech woodland zones and was mostly absent from the acidophilous beech 

zone (which is approximately between the oak- hornbeam and acidophilous beech zones, 

hence the bimodal elevation distribution). Forest stands of only beech did not exist.

Comparison of preforestry vegetation with PNV and current vegetation cover

There was a striking difference between vegetation in the late 18th century and PNV (Fig. 3 

c, d, e; Table 2). According to the PNV maps, broadleaved trees occupied almost the entire 

region up to 700 m; historically they occurred in a much smaller part of the area. According 

to PNV maps, conifers are in about 30–40% of all parishes from 450 to 700 m and their 

proportion increases only above 700 m. By contrast, in the preforestry period, conifers were 

more frequent than broadleaved trees (already between 300 and 350 m, and the majority of 

forests at 450-600 m consisted only of conifers. Current vegetation based on the CORINE 

land-cover map showed a picture similar to the late 18th century in the sense that conifers 

were more frequent already at low elevations (although they did not necessarily occupy a 

larger territory). However, the low proportion of broadleaved trees at midelevations in the 

pre-forestry period was not observed in current vegetation cover.

Discussion

Both the pollen-based landscape model and preforestry archival evidence showed the long-

term dominance of coniferous trees in the study region. The two types of sources were 

complementary. The landscape model provided data on the proportion of individual taxa, 

and written sources added spatial detail. Furthermore, pollen data offered a long-term 

perspective. A recent palaeoanthracological study from the same region also demonstrated 

the prevalence of conifers. At three sites from 463 to 646 m, spruce and fir usually 

dominated in the past millennium and beech rarely reached >20% in the overall charcoal or 
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wooden macroremains composition (Hrubý et al. 2014). Older palynological literature 

envisaged a more dynamic vegetation over the Holocene. In approximately 1000 BC, fir and 

beech were supposed to have expanded at the expense of spruce and beech was thought to be 

gaining dominance over most of the region (Rybníčková 1974; Rybníčková & Rybníček 

1985, 1988; Břízová 2009).

Spruce stands would have survived only at climatically and edaphically suitable sites in 

inversion valleys and in the close vicinity of peat bogs. The continuous dominance of spruce 

over the entire Holocene would have been restricted to a few scattered sites (Rybníčková 

1974; Peichlová 1977; Rybníčková & Rybníček 1988). However, profiles in these studies 

were not dated by absolute methods and were based on simple pollen percentages with 

intuitive modifications to compensate for varying pollen production among species and other 

factors influencing the pollen rain. This procedure was criticized many times in older and 

more recent literature (e.g. Davis 1963). By contrast, we used radiocarbon-dated profiles in a 

transparent and tested landscape model. Numerous modern approaches allow for quantitative 

or semiquantitative vegetation reconstruction. For example, pollen accumulation rates 

provide taxon-independent values of abundance and can be directly linked to plant (tree) 

biomass (e.g., Seppä et al. 2009; Matthias & Giesecke 2014). Unfortunately, due to 

discontinuous sedimentation in some of our bog records, we lacked high-quality pollen-

accumulation rates essential for such approaches. The REVEALS and other models may 

suffer from parameter instability over millennia (Kuneš et al. 2011; Trondman et al. 2015). 

Even though quantitative vegetation reconstruction (such as REVEALS) may yield variable 

results when considering different pollen-dispersal models (e.g., Jackson & Lyford 1999; 

Sjögren et al. 2010; Theuerkauf et al. 2013, 2016), we believe REVEALS provided us with a 

reasonably reliable picture of past vegetation, especially thanks to validation and testing in 

our region (Abraham et al. 2014; Mazier et al. 2012).

Earlier forestry literature included remarkable insights into the past occurrence of conifers in 

the region. Based partly on the results of Málek (1958, 1961), Nožička (1972) attempted to 

reconstruct the original distribution of spruce in the Czech Republic, and his results were not 

unlike ours although we pushed the limit of spruce distribution even farther towards the 

lowlands. However, he argued that even though spruce was present in many regions, it was 

only an admixture species in broadleaved stands. Earlier authors usually argued that the 

occurrence of conifers at midelevations resulted from human management, which 

suppressed the otherwise dominant beech (Nožička 1972; Ellenberg 1996). Our results 

suggest that the past presence of conifers in the region was not necessarily the consequence 

of preforestry management, such as selective felling for industrial purposes. In fact, we 

observed surprisingly long-term stability in vegetation: spruce has been the dominant 

species for approximately 9,000 years. A similar pattern, albeit with the dominance of pine, 

was recorded in a sandstone region in northern Bohemia by Novák et al. (2012). These 

authors concluded that “the general concept of cultural replacement of broadleaved forests 

by pine forests is not necessarily inappropriate. However, our results imply that in extremely 

nutrient-poor habitats another scenario can exist, at least at a local scale.”

Unexpectedly high proportions of Scots pine at many Neolithic mid- and low-elevation sites 

in the Czech Republic were discovered in a recent anthracological study, whose authors 
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remarked that earlier researchers had been reluctant to reconstruct coniferous forests for the 

Neolithic partly because of a “certain ideological struggle” against recent Scots pine 

monocultures (Kočár et al. 2014). Although it was not our explicit aim to establish the 

reasons behind long-term vegetation stability in our study region, we hypothesize that 

edaphic conditions are an important factor here as well (cf. Samek 1959). In particular, hard 

siliceous bedrock and the resulting acidic, nutrient-poor soils may have impeded succession 

toward broadleaved forests since the early Holocene. Spruce, a species less demanding in 

terms of soil fertility, started to occupy such sites around 7,000 BC. The usual Central 

European scenario of vegetation succession was diverted, which resulted in the long-term 

stability of spruce-dominated vegetation. Along similar lines, several recent studies point to 

previously unsuspected continuity of various vegetation types in Central Europe (Kuneš et 

al. 2015; Hájková et al. 2011; Magyari et al. 2010).

The picture emerging from our study has far-reaching consequences for nature conservation 

and forestry policy in the study region and beyond, especially in midelevation forests in 

Central Europe. Although we do not doubt the results of successional studies in beech-

dominated reserves, such places apparently represent local cases rather than the rule. If the 

region was dominated by conifers to the extent that even large-scale modern spruce 

plantations are invisible in the pollen record, it is perhaps time to reconsider conservation 

preferences and targets. Currently 2% of the study area is protected under NATURA 2000. 

Most protected sites are situated at middle elevations (300–450 m) and are over 63% beech, 

oak, and hornbeam woodlands. Coniferous forests (excluding plantations) cover <1% of 

protected sites (NCA CR 2011). We do not suggest that planting spruce monocultures is a 

sustainable solution for the region, but encouraging the conversion of coniferous stands to 

beech forests in all conditions (cf. Emmer et al. 1998; Souček & Tesař 2008) may not be 

suitableeither.

Considering the wider Central European context, it is apparent that the lack of 

phytosociological interest in coniferous stands (cf. Chytrý 2013), the legacy of which 

resurfaced in current nature conservation, leaves many questions unanswered. Regional 

differences in what is considered the beech region are of paramount importance. For 

example, a comparable study in northeastern Germany showed that current vegetation 

(mostly pine plantations) was very different from vegetation in the 1780s. However, the 

latter was not composed of the beech stands of the PNV maps but rather of various oak 

communities (Wulf & Rujner 2011). Future conservation and forestry policy decisions must 

involve a detailed evaluation of local conditions. By providing information about the past, 

interdisciplinary historical ecology can contribute to a better understanding of long-term 

vegetation stability and change. Historical ecology can challenge “modern assumptions 

about species’ natural distribution, providing opportunities for new hypotheses to be tested 

with additional data” (McClenachan et al. 2015). Coniferous forests at midelevations appear 

to have been part of the Central European landscape for millennia. They should be 

decoupled from the associations created by their less-than-glorious recent past, allowing 

them to find their way back into carefully planned nature conservation and forestry policy.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The research leading to these results has received funding from the European Research Council under the European 
Union’s Seventh Framework Programme (FP7/2007-2013) / ERC Grant agreement n°278065. This study was 
supported as a long-term research development project no. RVO 67985939.

Literature Cited

Abraham V, Kozáková R. Relative pollen productivity estimates in the modern agricultural landscape 
of Central Bohemia (Czech Republic). Review of Palaeobotany and Palynology. 2012; 179:1–12.

Abraham V, Oušková V, Kuneš P. Present-day vegetation helps quantifying past land cover in selected 
regions of the Czech Republic. PLoS ONE. 2014; 9:e100117.doi: 10.1371/journal.pone.0100117 
[PubMed: 24936973] 

Barrington D. A letter to Dr. William Watson, F. R. S. from the Hon. Daines Barrington, F. R. S. on the 
trees which are supposed to be indigenous in Great Britain. Philosophical Transactions of the Royal 
Society London. 1769; 59:23–38.

Biondi E, Casavecchia S, Pesaresi S, Zivkovic L. Natura 2000 and the Pan-European Ecological 
Network: a new methodology for data integration. Biodiversity and Conservation. 2012; 21:1741–
1754.

Blaauw M, Christen JA. Flexible paleoclimate age-depth models using an autoregressive gamma 
process. Bayesian Analysis. 2011; 6:457–474.

Bohn, U., Gollub, G., Hettwer, C., Neuhäuslová, Z., Raus, T., Schlüter, H., Weber, H. Karte der 
natürlichen Vegetation Europas, Maßstab 1: 2 500 000. Bundesamt für Naturschutz; Bonn: 2000. 

Braun-Blanquet J. Eine pflanzengeographische Excursion durch Unterengadin und in dem 
schweizerischen National Park. Berichte der Schweizerischen botanischen Gesellschaft. 1918; 
26:1–79.

Břízová E. Dynamika vývoje lesní vegetace na Českomoravské vrchovině z pohledu palynologie. 
Zprávy České botanické společnosti. 2009; 44:45–58.

Carrión JS, Fernández S. The survival of the ‘natural potential vegetation’ concept (or the power of 
tradition). Journal of Biogeography. 2009; 36:2202–2203.

Chiarucci A, Araújo MB, Decocq G, Beierkuhnlein C, Fernández-Palacios JM. The concept of 
potential natural vegetation: an epitaph? Journal of Vegetation Science. 2010; 21:1172–1178.

Chytrý M. Potential replacement vegetation: an approach to vegetation mapping of cultural landscapes. 
Applied Vegetation Science. 1998; 1:177–188.

Chytrý, M., editor. Vegetation of the Czech Republic 4. Forest and scrub vegetation. Academia; 
Prague: 2013. 

Davis MB. On the theory of pollen analysis. American Journal of Science. 1963; 261:897–912.

Dengler, J., Chytrý, M., Ewald, J. Phytosociology. General ecology Encyclopedia of ecology. 
Jørgensen, SE., Fath, BD., editors. Vol. 4. Elsevier; Oxford: 2008. p. 2767-2779.

Dufraisse A. Firewood management and woodland exploitation during the late Neolithic at Lac de 
Chalain (Jura, France). Vegetation History and Archaeobotany. 2008; 17:199–210.

Ellenberg, H. Vegetation Mitteleuropas mit den Alpen n ökologischer, dynamischer und historischer 
Sicht. Ulmer; Stuttgart: 1996. 

European Commission. The interpretation manual of European Union habitats. EUR28. European 
Commission; Brussels: 2013. 

European Environment Agency (EEA). CLC2006 technical guidelines. Technical report 17/2007. 
EEA; Copenhagen: 2007. 

Szabó et al. Page 10

Conserv Biol. Author manuscript; available in PMC 2018 February 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Emmer IM, Fanta J, Kobus AT, Kooijman A, Sevink J. Reversing borealization as a means to restore 
biodiversity in Central-European mountain forests–an example from the Krkonoše Mountains, 
Czech Republic. Biodiversity and Conservation. 1998; 7:229–247.

Evans D. The habitats of the European Union habitats directive. Biology and Environment: 
Proceedings of the Royal Irish Academy. 2006; 106B:167–173.

Firbas, F. Spät- und nacheiszeitliche Waldgeschichte Mitteleuropas nördlich der Alpen. Vol. 2. Verlag 
von Gustav Fischer; Jena: 1949–1952. 

FOREST EUROPE, UNECE, FAO. State of Europe’s Forests 2011: Status and trends in sustainable 
forest management in Europe; Ministerial Conference on the Protection of Forests in Europe; 
Oslo. 2011. 

Gayer, K. Der gemischte Wald, seine Begründung und Pflege, insbesondere durch Horst- und 
Gruppenwirtschaft. Parey Verlag; Berlin: 1886. 

Györffy, Gy, Zólyomi, B. A Kárpát-medence és Etelköz képe egy évezred előtt. Honfoglalás és 
régészet. Kovács, L., editor. Balassi Kiadó; Budapest: 1994. p. 13-37.

Hájková P, Roleček J, Hájek M, Horsák M, Fajmon K, Polák M, Jamrichová E. Prehistoric origin of 
extremely species-rich semi-dry grasslands in the Bílé Karpaty Mts. Preslia. 2011; 83:185–204.

Heymann, Y., Steenmans, C., Croissille, G., Bossard, M. Corine land cover. Technical guide. Office for 
Official Publications of the European Communities; Luxembourg: 1994. 

Hodder, K., Bullock, J., Buckland, PC., Kirby, KJ. Large herbivores in the wildwood and modern 
naturalistic grazing systems. English Nature reports number 648. English Nature; Peterborough: 
2005. 

Hrubý, P., Hejhal, P., Malý, K., Kočár, P., Petr, L. Centrální Českomoravská vrchovina na prahu 
vrcholného středověku. Masarykova univerzita; Brno: 2014. 

Jackson ST, Lyford ME. Pollen dispersal models in Quaternary plant ecology: Assumptions, 
parameters, and prescriptions. Botanical Review. 1999; 65:39–75.

Kočár P, Šumberová R, Kočárová R. Antrakologický soubor z neolitického sídliště u Kolína. Příspěvek 
(nejen) k rekonstrukci lesní vegetace v neolitu České republiky. Archeologické rozhledy. 2014; 
66:391–414.

Kuneš P, et al. Czech Quaternary palynological database – PALYCZ: review and basic statistics of the 
data. Preslia. 2009; 3:209–238.

Kuneš P, Odgaard BV, Gaillard M. Soil phosphorus as a control of productivity and openness in 
temperate interglacial forest ecosystems. Journal of Biogeography. 2011; 38:2150–2164.

Kuneš P, Svobodová-Svitavská H, Kolář J, Hajnalová M, Abraham V, Macek M, Tkáč P, Szabó P. The 
origin of grasslands in the temperate forest zone of east-central Europe: long-term legacy of 
climate and human impact. Quaternary Science Reviews. 2015; 116:15–27.

Magyari EK, Chapman JC, Passmore DG, Allen JRM, Huntley JP, Huntley B. Holocene persistence of 
wooded steppe in the Great Hungarian Plain. Journal of Biogeography. 2010; 37:915–935.

Málek J. Přirozené rozšíření smrku na českomoravské vysočině. Lesnictví. 1958; 4:515–534.

Málek J. K otázce původního areálu smrku v českých zemích. Lesnictví. 1961; 7:35–54.

Manten AA. Lennart von Post and the foundation of modern palynology. Review of Palaeobotany and 
Palynology. 1967; 1:11–22.

Matthias I, Giesecke T. Insights into pollen source area, transport and deposition from modern pollen 
accumulation rates in lake sediments. Quaternary Science Reviews. 2014; 87:12–23.

Mazier F, Gaillard MJ, Kuneš P, Sugita S, Trondman AK, Broström A. Testing the effect of site 
selection and parameter setting on REVEALS-model estimates of plant abundance using the 
Czech Quaternary Palynological Database. Review of Palaeobotany and Palynology. 2012; 
187:38–49.

McClenachan L, Cooper AB, McKenzie MG, Drew JA. The importance of surprising results and best 
practices in historical ecology. BioScience. 2015; 65:932–939.

Micklitz J. Die forstlichen Vegetationsverhältnisse des Altvater-Gebirges. Verhandlungen der Forst-
Section für Mähren und Schlesien. 1857; 3:3–84.

Mikyška, R., et al. Geobotanická mapa ČSSR 1. České země; Academia, Prague: 1968. 

Szabó et al. Page 11

Conserv Biol. Author manuscript; available in PMC 2018 February 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Mölder A, Bernhardt-Römermann M, Schmidt W. Herb-layer diversity in deciduous forests: raised by 
tree richness or beaten by beech? Forest Ecology and Management. 2008; 256:272–281.

NCA CR. Habitat Mapping Layer. Electronic georeferenced database. Version 2011. Nature 
Conservation Agency of the Czech Republic; Prague: 2011. 

Nekuda, V. Zaniklé osady na Moravě v období feudalismu. Krajské nakladatelství; Brno: 1961. 

Neuhäuslová Z, et al. Potential natural vegetation of the Czech Republic. Braun-Blanquetia. 2001; 
30:1–80.

Nožička, J. Přehled vývoje našich lesů. Státní zemědělské nakladatelství; Prague: 1957. 

Nožička, J. Původní výskyt smrku v českých zemích. Státní zemědělské nakladatelství; Prague: 1972. 

Novák J, Sádlo J, Svobodová-Svitavská H. Unusual vegetation stability in a lowland pine forest area 
(Doksy region, Czech Republic). Holocene. 2012; 22:947–955.

Peichlová M. Paleogeobotanický výzkum mladoholocénního profilu u Rváčova (východní Čechy). 
Preslia. 1977; 49:67–90.

Prentice IC. Pollen representation, source area, and basin size: toward a unified theory of pollen 
analysis. Quaternary Research. 1985; 23:76–86.

Průša E. Pěstování lesů na typologických základech. Lesnická práce, Kostelec nad Černými lesy. 2001

R Core Team. R: a Language and environment for statistical computing. R Foundation for Statistical 
Computing; Vienna: 2014. 

Radkau, J. Wood: a history. Polity Press; Cambridge: 2011. 

Roubík F. Ke vzniku josefského katastru v Čechách v letech 1785-1789. Sborník historický. 1954; 
2:140–185.

Rybníček K, Rybníčková E. Palynological and historical evidence of virgin coniferous forests at 
middle altitudes in Czechoslovakia. Vegetatio. 1978; 36:95–103.

Rybníčková, E. Die Entwicklung der Vegetation und Flora im südlichen Teil der Bömisch-Mährischen 
Höhe während des und Holozäns. Academia; Prague: 1974. 

Rybníčková, E., Rybníček, K. Isopollen maps of Picea abies, Fagus sylvatica and Abies alba in 
Czechoslovakia – their application and limitations. Lake, mire and river environments during the 
last 15 000 years. Lang, G., Schlüchter, C., editors. Balkema; Rotterdam: 1985. p. 51-66.

Rybníčková E, Rybníček K. Holocene palaeovegetation and palaeoenvironment of the Kameničská 
kotlina Basin (Czechoslovakia). Folia Geobotanica. 1988; 23:285–301.

Samek V. Vegetační pásmovitost a zvrat pásem se zvláštním zřetelem k rozšíření smrku v nižších 
polohách. Práce výzkumných ústavů lesnických ČSSR. 1959; 17:217–228.

Seppä H, Alenius T, Bradshaw RHW, Giesecke T, Heikkilä M, Muukkonen P. Invasion of Norway 
spruce (Picea abies) and the rise of the boreal ecosystem in Fennoscandia. Journal of Ecology. 
2009; 97:629–640.

Sjögren P, Connor SE, Knaap WO. The development of composite dispersal functions for estimating 
absolute pollen productivity in the Swiss Alps. Vegetation History and Archaeobotany. 2010; 
19:341–349.

Somodi I, Molnár Zs, Ewald J. Towards a more transparent use of the potential natural vegetation 
concept–an answer to Chiarucci et al. Journal of Vegetation Science. 2012; 23:590–595.

Souček J, Tesař V. Metodika přestavby smrkových monokultur na stanovištích přirozených smíšených 
porostů. Lesnický průvodce. 2008; 4:3–37.

Standovár T, Kenderes K. A review on natural stand dynamics in beechwoods of East Central Europe. 
Applied Ecology and Environmental Research. 2003; 1:19–46.

Sugita S. Theory of quantitative reconstruction of vegetation I: pollen from large sites REVEALS 
regional vegetation composition. Holocene. 2007a; 17:229–241.

Sugita S. Theory of quantitative reconstruction of vegetation II: all you need is LOVE. Holocene. 
2007b; 17:243–257.

Theuerkauf M, Kuparinen A, Joosten H. Pollen productivity estimates strongly depend on assumed 
pollen dispersal. Holocene. 2013; 23:14–24.

Theuerkauf M, Couwenberg J, Kuparinen A, Liebscher V. A matter of dispersal: REVEALSinR 
introduces state-of-the-art dispersal models to quantitative vegetation reconstruction. Vegetation 
History and Archaeobotany. 2016 in press. 

Szabó et al. Page 12

Conserv Biol. Author manuscript; available in PMC 2018 February 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Tolasz, R., Míková, T., Valeriánová, T., Voženílek, V. Climate atlas of Czechia. Czech 
Hydrometeorological Institute & Palacký University; Olomouc & Prague: 2007. 

Trondman A-K, et al. Pollen-based quantitative reconstructions of Holocene regional vegetation cover 
(plant-functional types and land-cover types) in Europe suitable for climate modelling. Global 
Change Biology. 2015; 21:676–697. [PubMed: 25204435] 

Tüxen R. Die heutige potentielle natürliche Vegetation als Gegenstand der Vegetationskartierung. 
Angewandte Pflanzensociologie. 1956; 13:5–42.

Vera, FWM. Grazing ecology and forest history. CABI Publishing; Wallingford: 2000. 

Von Post, L. Einige südschwedischen Quellmoore. Vol. 15. Bulletin of the Geological Institute of the 
University of Uppsala; 1916. p. 219-278.

Wiens, JA.Hayward, GD.Safford, HD., Giffen, CM., editors. Historical environmental variation in 
conservation and natural resource management. John Wiley & Sons; Chicester: 2012. 

Wulf M, Rujner H. A GIS-based method for the reconstruction of the late eighteenth century forest 
vegetation in the Prignitz region (NE Germany). Landscape ecology. 2011; 26:153–168.

Zerbe S. Potential natural vegetation: validity and applicability in landscape planning and nature 
conservation. Applied Vegetation Science. 1998; 1:165–172.

Szabó et al. Page 13

Conserv Biol. Author manuscript; available in PMC 2018 February 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Fig. 1. 
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Fig. 2. 
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Fig. 3. 
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Fig. 4. 
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Table 1

Occurrence of conifers and broadleaved trees in parishes and the area of forests in which individual species 

occurred at the end of the 18th century.

Conifers Broadleaved trees

Picea Abies Pinus “softwood” Fagus Quercus Carpinus “hardwood”

No. of parishes with occurrence of species 
(n=1183)

449 531 446 432 136 129 105 129

Area of forests in which species occurred 

(ha)*
53 510 79 157 29 126 58 054 27 496 20 650 21 001 28 631

*
Usually more species occurred in the same forest; therefore, the area for each species does not imply the species was the most abundant over the 

entire area.
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Table 2

Overlap in forest types between the Josephian cadastre (1780s) and a) current land cover (CORINE) and b) 

potential natural vegetation (PNV). Parishes are categorized as containing broadleaved (BL), coniferous (CF), 

mixed (M), and no forests (NF).

a)

1780s CORINE

BL (n=0) CF (n=378) M (n=586) NF (n=178)

BL (n=22) 0 1 7 14

CF (n=692) 0 259 369 64

M (n=302) 0 99 164 39

NF (n=126) 0 19 46 61

b)

1780s PNV

BL (n=382) CF (n=0) M (n=780)

BL (n=22) 8 0 14

CF (n=692) 236 0 456

M (n=302) 99 0 203

NF (n=126) 39 0 87
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