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Introduction 
 

The current need for understanding climate change impacts on vegetation in light of the ongoing 

anthropogenic climate change prioritizes studying the drivers of vegetation change. Humans have emerged as a 

force of nature rivalling climatic and geologic forces in shaping the terrestrial biosphere and its processes, altering 

>75% of today’s Earth’s ice-free land surface (Ellis and Ramankutty, 2008). Disentangling anthropogenic and natural 

drivers of vegetation change is in turn of paramount importance in palaeoecology, especially where it is unclear 

whether climate or human activities have been the main force driving environmental change. For example, in the 

western Mediterranean, the underlying drivers of striking, region-wide vegetational changes are matters of debate 

(Ramos-Román et al., 2018), as some palaeoecological studies show an aridification trend on the late Holocene 

(Carrión et al., 2010; Jalut et al., 2009), while others suggest human impact as the main driver of late Holocene 

vegetation change (Jouffroy-Bapicot et al., 2021; Pedrotta et al., 2021). 

In palynological studies, Holocene human impacts have been widely considered by inferring anthropogenic-

induced environmental changes, for instance land use, by using cultural indicator pollen types (Behre, 1981). The 

cultural pollen indicators indeed constitute the most broadly used methodology to infer anthropogenic activities. 

This method comprises pollen types that refer to cultivated plant species (crops) or indirectly favored species 

(adventives), introduced by humans during agricultural activities or, to a lesser extent, plants that benefited from 

human activities (apophytes). Their selection was based on ecological requirements of species and often relies on 

geobotanical or phytosociological references (Behre, 1981; Brun, 2011). The selected taxa are basically associated 

with diverse farming contexts: winter cereals, summer cereals, root crops, fallow land, wet meadows and pastures, 

dry pastures, pastures within non-regenerating woodland, footpath and ruderal communities, and species frequent 

in natural communities (especially those of peaty soils). However, complex autecological properties of species as 

well as specific variations in pollen production and dispersal require a deep expert knowledge and the consideration 

of multiple environmental and ecological factors to reconstruct vegetation history or to correctly infer land use or 

climate changes, generating controversies in palaeoecological and palaeoclimatic research (e.g. Behre, 2008; Tinner 

et al., 2008). Furthermore, quantitative reconstructions drawing on pollen indicators are not always straightforward 

and there is a need for methodologies that allow to establish these relationships. 
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A series of palaeoecological methods aim at the quantitative reconstruction of past vegetation. For instance, 

the REVEALS model estimates regional vegetation composition using pollen from ‘large lakes’ that have small site-to-

site variations of pollen assemblages even if vegetation is highly heterogeneous (Sugita, 2007). Other intermediate 

complexity methods, such as the ‘pseudobiomisation’ approach (Fyfe et al., 2010), assign pollen taxa to different 

land-cover classes (LCC) and the sum of adjusted pollen proportions for each class is used to determine a LCC affinity 

score for individual pollen samples. However, indices focusing on cultural pollen indicators are the prevalent 

methodology, given their flexibility and convenience. More specifically, the cultural indicators were originally 

calibrated for Central Europe (Behre, 1981), and their wide use and adaptation in other realms can pose 

complications that are not always sufficiently addressed. In addition, some issues were not specified when the 

cultural pollen indicators were described, e.g., their indicative capacity did not consider the inherent variability in 

pollen production, dispersal, deposition and taphonomy. 

The present thesis is framed in the Swiss National Science Foundation (SNF) project QuantHum- Quantifying 

human impacts to tease apart cultural and climatic drivers of Holocene vegetation change, which aims to develop a 

quantitative index of human-impact intensity for paleoecological records. In this thesis, we study different aspects 

around the methodology of cultural pollen indicators and on the basis of studies that have used cultural pollen 

indicators over more than two decades at the laboratory of Palaeoecology at University of Bern. We draw 

conclusions of how this approach responds to different environmental contexts and check its implementation with 

independent evidence, as e.g. resulting from archaeology. Moreover, we aim to improve the use of cultural pollen 

indicators to achieve a more precise quantitative reconstruction of anthropogenic vegetation impacts. 

 

Approaches and rationales 
 

In this dissertation we first review the state of the art on cultural pollen-index approaches. Manuscript 1 

(Deza-Araujo et al., 2020) presents the most used cultural indicator indices and applies them to pollen sequences 

along Europe,  evaluating their performance to detect and quantify past human impact. As theoretical means of 

validation, we define Holocene human impact as a function of human population and technology (Kremer, 1993). 

With these variables, we infer an expected steadily growing human impact, since humans first began to alter 
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landscapes for food production (or agricultural land use, Mottl et al., 2021). We divide the Holocene human impact 

in five stages of intensity: Very low, low, moderate, high and very high. The very low / non detectable human impact 

stage is typical of Paleolithic and Mesolithic hunter-gatherer economies (possible impact on regional fire regime; 

possible low-intensity or shifting cultivation and livestock grazing, expansion of disturbance-adapted shrublands or 

maquis). The low human impact stage is related with establishment of agricultural land use; an increase in fire 

activity; forest opening and an impact on wild species composition; typical of Neolithic farming economies. The 

moderate human impact intensity is associated with major opening of forest or alteration of natural vegetation; 

establishment of permanent arable agriculture and or grazing; starting at the Bronze Age. The high human impact 

stage corresponds with more intensive land use, during the Iron Age, Roman Period and Early Middle Ages. Finally, 

the very high stage of human impact corresponds with replacement of natural vegetation with cultural vegetation 

(fields, meadows); typical for Late Medieval and modern economies. We used this division of the Holocene human 

impact to analyze the performance of the studied methodologies. Here in  manuscript 1, we analyze the following 

indices: the Primary Indicators- PI and Secondary Indicators -SI (Behre, 1981; Lang, 1994), which constitute a sum of 

the direct (crops) and indirect (weeds) anthropogenic taxa (Behre, 1981; Lang, 1994; the Cultural Indicators- CI, 

which considers the combination of Cerealia-type (excluding Secale) and Plantago lanceolata-type to infer 

agriculture (Tinner et al., 2003); the Anthropogenic pollen indicators – API , which sum Artemisia, Centaurea, 

Cichorioideae, Plantago, Cerealia-type, Urtica, Trifolium (Mercuri, Bandini Mazzanti, Florenzano, Montecchi, 

Rattighieri, et al., 2013); OJC and OJCV, which sum the pollen types of cultural tree crops Olea, Juglans, Castanea 

(and liana Vitis; Mercuri, Bandini Mazzanti, Florenzano, Montecchi and Rattighieri, 2013); the Pollen Disturbance 

Index – PDI, that considers Centaurea, Cichorioideae, Plantago, Ranunculus acris-type, Polygonum aviculare-type, 

Sanguisorba minor-type, Urtica dioica-type and Pteridium. Finally, we also analyse the behaviour of the AP/NAP 

ratio, that means relative abundance of arboreal pollen with respect to non-arboreal pollen. Values are interpreted 

as: >10, very close forest; 4–10, close forest (at 4, first relevant vegetation openings); <1, open vegetation (Berglund 

et al., 1991; Favre et al., 2008). We hypothesize that the magnitude of human impact on the environment will 

monotonically increase towards the present across the stages of population and technological development of 

European societies during the Holocene, as inferred from archaeological and historical evidence. 
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A remarkable limitation of the cultural pollen method is embedded in palynology itself, as the identification 

of pollen types is determined by their morphological characters and their more or less complex identifications result 

in the achievement of different, often low to moderate, taxonomical resolutions. The application of traits (such 

human indicative value) to pollen-stratigraphical data is greatly hampered by the taxonomic imprecision (Birks, 

2020). The cultural pollen indicators were thus originally defined by different degrees of taxonomic resolution 

(Behre, 1981). Additionally, the taxonomical precision in the pollen identification varies among palynologists, 

according to their schools, aim of the study, taphonomic characteristics of the study core, among others.  

Manuscript 2 (Deza-Araujo et al., 2021) deals with the taxonomic resolution of cultural pollen indicators and 

how it influences their indicative value. We selected sixteen postglacial pollen sequences produced with high 

resolution and by using established tables of taxonomic harmonization (Giesecke et al., 2019), we simulate two 

additional levels of hierarchical taxonomic resolution for each dataset and compare the results in terms of capacity 

of the indicators to infer past human impact. We hypothesize that reducing the taxonomic resolution will cause a 

decrease in the specificity and sensitivity of the pollen indicators for detecting and quantifying anthropogenic land 

use, with different pollen types having more or less influence on this change according to the biogeographical 

region. Further, we also hypothesize that lowered taxonomic levels in pollen identification will result in misleading 

reconstructions of past human land use. These hypotheses are checked by a comparison of the available pollen 

evidence with historical and archaeological sources.  

On the basis of the outcomes of Manuscripts 1 and 2, we were able to propose a new probabilistic method 

in Manuscript 3, the agricultural Land Use Probability index – LUP, for detecting and quantifying human impacts 

through cultural pollen indicators. We refine the established list of cultural pollen indicators by Behre (1981) and 

assess their anthropogenic indicative value based on criteria adapted from bioindication. We train the index using 

twenty palynological datasets along an environment gradient between Sicily and Swiss Plateau and perform two 

external validations, by (1) applying them to independent pollen sequences and (2) comparing the results with an 

archaeological proxy of human population density (number of radiocarbon dates from cultural layers). We use 

Anthropogenic Indicator Values (AIV) to weight the relative abundance of the cultural pollen indicators, according to 

their biogeographical context. We assume that pollen samples having more pollen-types of indicator taxa with a 

higher AIV are more likely to express human land use, which is then mirrored numerically in its LUP.  
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Figure 1. Scheme explaining where the most defining aspects for cultural pollen indicators are dealt in my 

dissertation. 
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