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Abstract 
 
The eastern Mediterranean area is a region of high archaeological importance, it is also a region where 

climate has been a force interacting with humans in shaping the landscape and vegetation history. Variations in 
pollen content and composition in various climate archives (e.g. lake sediments and peat sections) are widely 
used to reconstruct vegetation changes and human impact in the Quaternary environments. Pollen sampling 
has been conducted throughout the Peloponnese peninsula but there is a lack of regional synthesis of these 
locally based studies. The aims of the thesis are partly to show how pollen data may be used in a regional 
analysis on Late Pleistocene and Holocene vegetation changes, partly to assemble all published pollen data from 
Peloponnese peninsula in a database. The question formulations are; i) how may a database with pollen data 
serve as a basis for interpretations of regional vegetation changes on Peloponnese?, ii) what are the possibilities 
of using classification of pollen and distinguish between driving factors behind the historic vegetation changes? 
The constructed database facilitates further research regarding pollen records at Peloponnese. Pollen records 
may show important patterns in landscape changes during Late Pleistocene and Holocene but using pollen 
records at a regional scale need comparisons between coring sites which may be troublesome due to different 
approaches, different species investigated and varied calculation of pollen sum. In order to distinguish between 
driving forces and actors affecting the vegetation, pollen data may be used both in detail but also in using 
groups and classifications of the pollen included. 

 
 

Sammanfattning 
 
Östra Medelhavsområdet är en region av stor arkeologisk betydelse, det är också en region där klimat och 

människor har format landskapet och vegetationen under lång tid. Olika typer av pollen och dess 
sammansättning i olika klimatarkiv (exempelvis sjösediment och torv) används allmänt för att rekonstruera 
vegetationsförändringar och mänsklig påverkan under Kvartärperioden. Pollenanalyser har utförts tidigare på 
halvön Peloponnesos, men det finns en brist på regionala synteser av dessa lokalt baserade studier. Det här 
arbetet syftar till att dels visa hur lokala pollendata kan användas i en regional analys av 
vegetationsförändringar under sena Pleistocen och Holocen, dels att samla in all publicerad pollendata från 
Peloponnesos i en databas. Frågeställningarna är; i) Hur kan en databas med pollendata tjäna som underlag för 
tolkningar av regionala vegetationsförändringar på halvön Peloponnesos?, ii) Vilka är möjligheterna att med 
hjälp av klassificering av pollen skilja mellan drivande faktorer bakom historiska vegetationsförändringar? 
Databasen underlättar ytterligare palynologisk forskning på Peloponnesos. Pollen kan visa på förändringar och 
mönster i landskapet och vegetationen under sena Pleistocen och Holocen. För att göra en regional analys av 
pollendata behövs jämförelser mellan olika provplatser vilket kan vara komplicerat på grund av olika metoder 
som använts, olika arter som undersökts och variationer av beräkningen av pollen summan. För att skilja mellan 
drivande krafter och aktörer som påverkar vegetationen, kan pollendata användas både i detalj, men också med 
klassificeringar och grupperingar av pollen. 
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1 Introduction 

The eastern Mediterranean area is a region of high 
archaeological importance, it is also a region where climate 
has been a force interacting with humans in shaping the 
landscape and vegetation history. This interplay left traces 
such as pollen records in sediment that is for us in modern 
time to interpret and thus, observe historical climatic and 
cultural changes. Variations in the pollen content and 
composition in various climate archives (e.g. lake sediments 
and peat sections) are widely used to reconstruct vegetation 
changes and human impact in the Quaternary environments 
(Lowe & Walker, 1997). Regarding climate, pollen as well as 
other proxies (e.g. foraminiferas, magnetic susceptibility, 
element ratios and stable isotopes of oxygen) might be 
useful in determining climate variations (Finné et al., 2011; 
Roberts et al., 2011; Heymann et al., 2013). Globally, there 
are possibilities to follow forest extensions over time and 
locally the flora variation surrounding an ancient lake can be 
investigated. Where plants associated with humans (so 
called anthropogenic indicators) occur in larger amounts this 
may be an indication of a human settlement (Jahns, 1993; 
Papazisimou et al., 2005). The variations and composition of 
the anthropogenic indicators may shed lights on human 
impact in various ways. It has been suggested that the 
interpretations of pollen records are divided in two aspects; 
reconstructing vegetation and finding causal conditions 
(Faegri & Iversen, 1989). 

 Pollen sampling has been conducted throughout the 
Peloponnese peninsula but there is a lack of regional 
synthesis of these locally based studies. 
The previous investigations have different approaches and 
objectives, such as: i) local studies on vegetation history, 
sedimentation or peat formation (Wright, 1972; Jahns, 1993; 
Atherden et al., 1993; Papazisimou et al., 2005); ii) local 
investigations in order to contribute to the understanding of 
the Holocene landscape in the Mediterranean region and 
Near East (Bottema & Woldring, 1990) and iii) local 
palaeogeographic reconstructions of coastline migration and 
sea level change (Engel et al., 2009). 

This thesis focuses on pollen data from Peloponnese 
peninsula in Greece, regarding Late Pleistocene and 
Holocene. The aims of the thesis are partly to show how 
pollen data may be used in a regional analysis on Late 
Pleistocene and Holocene vegetation changes, partly to 
assemble all published pollen data in a database, to facilitate 
future studies. The question formulations are; 

 How may a database with pollen data serve as a 
basis for interpretations of regional vegetation 
changes on Peloponnese? 

 What are the possibilities of using classification of 
pollen and distinguish between driving factors 
behind the historic vegetation changes? 

Climate and pollen records 

The Peloponnese peninsula is dominated by a typical 
Mediterranean climate where most of the precipitation falls 
during the winter while the summers generally are hot and 
dry (Urban & Fuchs, 2005; Finné et al., 2011; YR.no, 2014). 
The climate in the eastern Mediterranean area is influenced 
by climatic forces from Asia, Africa and the North Atlantic 
which, together with the irregular topography makes the 
local climate highly variable (Bakker et al., 2013). The 
movement of the Inter-Tropical Convergence Zone (ITCZ) 
may cause movements of areas of low atmospheric pressure 
(Xoplaki, 2002) and the moisture regime are highly affected 
by the North Atlantic Oscillations (NAO) according to Cullen 
et al. (2002), not only in modern times but also during 
Holocene. 

In pollen analysis and vegetation change reconstruction 
there are several parameters to consider, as for example 
identification, pollen preservation, pollen sources, links 
between vegetation and climatic processes as well as human 
impact (e.g. Wright, 1972; Jahns, 1993; Heymann et al., 
2013). The plants produce pollen grains in a quantity of large 
variety and they may spread in different ways. Some plants, 
as for example pine (Pinus), produce a large amount of 
pollen, which are spread by wind (anemophilous) over long 
distances, thus affecting the pollen records in a large area 
and causing overestimation when counting (Figure 1). Other 
plants have a limited amount of pollen or are spread by a 
highly specialized animal (entomophilous), which may result 
in an underestimation of the abundance within a site 
(Wright, 1972; Faegri & Iversen, 1989; Zangger et al., 1997). 
Different local weather conditions may affect the dispersal in 
different ways; the uplifting warm air may spread pollen 
over long distances while turbulence in air surrounding the 
forest canopy spread pollen differently. Rain may wash-
down pollen grains adhering to leaves and branches or 
ending a long distance transport and domestic, or wild, 
animals may help spreading pollen grains from one area to 
another (Faegri & Iversen, 1989; Lowe & Walker, 1997). The 
different amount of pollen and variety in dispersal may also 
reflect the vegetation history at different scales.  

A high amount of pine 
pollen may indicate a 

coniferous forest at higher ground (Jahns, 1993) and not at 
the actual coring site, while a local species may indicate a 
beneficial microclimate and are not of interest at a regional 
scale (Faegri & Iversen, 1989) (Figure 1). According to 
Prentice (1986) a single site pollen sample may not show the 
spatial distribution of the vegetation at the actual site 

Figure 1. A model of pollen 

budget and dispersals, 
(modified from Faegri & 
Iversen, 1989).  
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because of the different characteristics of the different 
pollen grains. 

When analyzing the pollen records the pollen sum is of 
great importance and highly connected to the aim of the 
certain investigation as well as an important step in the 
percentage calculation and analysis (Faegri & Iversen, 1989). 
Wright (1972) excludes two types of pollen from the pollen 
sum, sedges and chenopods, as they reflect local conditions 
whereas the study has a more regional objective. In other 
papers the pollen sum and pollen percentage are counted 
and expressed differently; only excluding aquatics and 
spores (Kraft et al., 1980; Kontopoulos and Avramidis, 2003), 
only based on arboreal pollen (AP) due to low frequencies 
(Jahns, 1993) or excluding fern spores, aquatics, grasses and 
chenopods (Zangger et al., 1997).  

There are different kinds of natural pollen traps as for 
example moss- and lichen cushions, accumulation zones of 
glaciers and bottom sediments of lakes and fens (Faegri & 
Iversen, 1989). Varying rates of destruction of different 
pollen types and different materials must be taken into 
account. According to Atherden & Hall (1994) there is often 
a poor preservation of pollen and spores in the 
Mediterranean area resulting in an irregular pollen record. 
Generally, pollen need permanently wet conditions to be 
well preserved, while a combination of microbiological decay 
and chemical oxidation in alternate dry-wet conditions 
destroys the pollen (Zangger et al., 1997). Other problems 
stressed by Atherden & Hall (1994), are that calcareous 
bedrock, which is common in Greece, makes pollen 
preservation even more troublesome, because of this 
bedrocks relatively high pH-value. This corresponds to Li et 
al. (2005), who are pointing at high pH-value as a negative 
factor in pollen preservation. In turn, Bertini et al. (2014) 
emphasize the limited importance of pH-values meaning 
that other factors being more relevant.  Seasonal 
fluctuations in ground water level further limit the 
preservation of pollen, and Atherden & Hall (1994) point out 
that sporadic pollen record also makes the comparison 
between sites hard and questionable.  

Pollen samples taken from a stratified sequence of 
sediment are often presented as a diagram (Lowe & Walker, 
1997) and those may be of different kinds, percentage 
pollen diagrams or absolute pollen diagrams. The 
percentage pollen diagrams usually exist in two types; the 
first one has a pollen sum counted for each level and the 
included pollen taxa are calculated against that sum. The 
practice is often to exclude aquatics and fern spores as they 
represent local conditions at a higher rate than the 
terrestrial plants. The second type of percentage pollen 
diagram is based on the arboreal pollen sum (AP sum), i.e. 
the sum of the forest taxa. The included pollen taxa are 
counted until a specified number of arboreal pollen counts 
are reached and at that point, the total amount of the 
different pollen is the pollen sum. The absolute pollen 

diagram is based on the total sum of pollen grains and do 
not account for any percentage (Lowe & Walker, 1997). 

In pollen diagrams there might be pollen zones or 
horizons with a specific mix of pollen taxa that are 
comparable to other sites (Kraft et al., 1980; Jahns, 1993). 
Regarding Quaternary sediments in an extended time period 
there may be biostratigraphic classifications or biozones 
where a specific strata or group of strata are related to 
certain fossils. This is, according to Lowe & Walker (1997) 
more applicable to pre-Quaternary than to Quaternary 
sediments as the evolutionary changes are much lesser in 
the Quaternary biological records. There is long-term 
macroevolution where for example seeds and flowers 
develop, but there is also microevolution operation within 
populations in shorter times (Stearns & Hoeckstra, 2005). 
Adaptive evolution is driven by variation in lifetime 
reproductive success, natural selection, and that kind of 
microevolution may be fast. However, it takes time to 
respond to selection. The phenotypic plasticity, (that is the 
sensitivity of the organism to differences to the 
environment), varies between species and individuals and 
may be adaptive. In those cases, when the phenotypic 
plasticity is heritable, there might be fast adaptions to 
environmental changes (Stearns & Hoeckstra, 2005). Thus, 
when it comes to interpretation of the pollen data, the 
evolution and the distinction between adaption and 
response during the evolution must not be forgotten. 
Bottema (1997) is broadly speaking of this when discussing 
the different species/taxa varied adaption and response to 
climate changes (e.g. trees versus annual species).  

Plant of different species/taxa may also respond to 
human impact. Species considered as anthropogenic 
indicators are sometimes characterized as primary or 
secondary anthropogenic indicators as well as positive or 
negative indicators. The positive indicators show by their 
abundance the presence of humans, while the negative 
indicators show human activities by their absence. For 
instance, if an abrupt decrease in pine pollen (negative 
indicator) is followed by an increase of Cerealia (positive 
indicator) it may indicate clearance of wood by humans 
(Faegri & Iversen, 1989). Species considered as primary 
anthropogenic indicators are grown, spread or used by 
humans as cultivated plants (e.g. Cerealia, Secale, Triticum, 
and Avena) while the secondary anthropogenic indicators 
show the traces of humans as weed (e.g. Centaurea and 
Polygonium aviculare) or ruderal plants (e.g. Artemisia). 
There are also indicators for pasture land where Plantago 
lanceolata and Rumex are two important secondary 
anthropogenic indicators (e.g. Dimbleby, 1985; Jahns, 1993; 
Zangger et al., 1997). Thus, when those pollen occur in 
samples it may be an indication of human presence or 
disturbed environment, especially when they occur in high 
amounts or in combinations (Dimbleby, 1985; Andersen, 
1988; Gaillard & Berglund, 1988). 
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Dated samples and age interpretation 

A widely used age determination method is radiocarbon 
dating. 

14
C is one of three isotopes of carbon and the decay 

is the emission of β
-
 particles. The atoms of 

14
C oxidized to 

carbon dioxide are mixed in the atmosphere and becomes 
absorbed by living things as well as oceans. The uptake of 
14

C stops when the organism dies and the decay starts. The 
time from that moment can be determined by measuring 
the rate of decay (Lowe & Walker, 1997; Walker, 2005). 
Some assumptions have to be made; that the rate of 

14
C 

and 
12

C is in equilibrium, that the production of 
14

C is 
constant during time and that a closed system has been the 
case since the organism died. Another assumption is that 
the established decay rate is reliable. The half-life was 
calculated by Libby in the 1940s to 5568±30 years but has 
been recalculated to 5730±40 years (Walker, 2005). The 
convention is to use the value 5570±30 to avoid confusion 
but conversion can be done to the longer half-life with 
multiplying the “old” radiocarbon ages by 1.03 (Walker, 
2005). 

Radiocarbon dating are, according to Lowe & Walker 
(1997) and Walker (2005), suitable for Late Pleistocene and 
Holocene sediments as it range from modern period to 
around 50,000 years BP, or 8-10 half-lives, depending on 
the methods and techniques used. However, there are 
sources of errors in radiocarbon dating, such as; temporal 
variations in 

14
C production, contamination in organic 

sediments due to root penetration or infiltration of humic 
acid through older horizons, or reservoir effects causing 
great differences in ages measured (Lowe & Walker, 1997; 
Stiller et al., 2001; Finné et al., 2011). Different problems 
arise when using different materials in the dating 
procedure. Using soil, with its varied components and 
problems of bioturbation or root penetration may result in 
a wide range of ages, while using shells as sample contains 
the problems of recrystallization of secondary carbonates 
resulting in younger ages. If the shells have ingested older 
carbonates the age determination results in older ages 
(Lowe & Walker, 1997; Walker, 2005). Using lake sediments 
are common in palynological and palaeoenvironmental 
investigations (e.g. Jahns, 1993; Atherden et al., 1993; 
Kaniewski et al., 2007) but this archive also presents 
problems with the reservoir effect, bioturbation and the 
hard water effect from inflow of older carbon in the 
catchment area, diluting the 

14
C concentration and resulting 

in older ages (Stiller et al., 2001; Walker, 2005). 

2 Methods 

During the work with this master thesis, different 
methods have been used. A literature study was conducted 
with the ambition of collecting all available and published 
pollen data from the Peloponnese peninsula in Greece 
covering the period back to Late Pleistocene. The search 
included finding papers in the Stockholm University Library 
including its branch library Geolibrary and via the scientific 

search databases on Internet ranging archaeology, palaeo-
ecology, geology, geography and climatic sciences. Main 
keywords used in the search were Greece, pollen, 
Peloponnese, Holocene and Late Pleistocene with 
refinements as the search narrowed. 

A database was developed in Microsoft Access with 
pollen data input from the literature study. The pollen data 
was interpreted from published pollen diagrams or data 
collected from the European Pollen database (EPD, 2014). 
The pollen data from the papers mainly consisted of depths, 
pollen sum and arboreal pollen percentage (AP%) for every 
pollen sample together with the percentage of specific 
species or taxa corresponding to the depths. In the EPD, data 
regarding pollen counts (grains) from two of the sites; Lake 
Lerna (Jahns, 1993) and Koiladha (Bottema & Woldring, 
1990) was taken. The counts provided by EPD were then 
recalculated into percentage and inserted in the database. 
The quality of the different diagrams in the papers varied; 
some were indistinct and hard to interpret while others 
were detailed and easier to interpret. Following this 
different quality in the data origin, the data inserted in the 
database also had to be of different quality.  Some 
percentages were not possible to read in more detail than 1, 
5, 10 and so forth, while others had decimal-level accuracy.  

The dated samples and 
the accumulation rate in 
the investigated papers 
were the base for 
calculating the ages of 
every pollen sample. In the 
majority of the papers the 
accumulation rate was 
expressed but otherwise it 
was calculated using the 
dated samples of the 
particular site/core. This is 
explained in more detail in 
database and the notes 
regarding the sites (Figure 
2). 

The accumulation rate could vary between depths in the 
same core. This means that every site got its own “age-
depth” model which differs from the other sites. Ages in the 
papers were expressed differently (BC/AD, yrs BP or yrs cal 
BP) and most of the times the calibrated ages were 
highlighted but if not, calibration was done using CalPal 
Online ver. 1.5 (CalPal, 2014). In analyzing, the calibrated 
ages were used and compared. 

Figure 2. The menu in the 
database showing Tables 
and Notes. 
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The database was constructed with different kinds of 
tables (Figure 2). In all tables there are possibilities to 
search, filter and find any posts and data. The software also 
provides the opportunity to extract information from 
combined tables. The different types of tables are linked 
(related) to each other by the primary keys “Site name” and 
“Species/Taxa”. Some sites included more than one core 
(e.g. Akovitika, Aliki) and one site included several cores 
from different authors (Osmanaga). In the database the 
different cores may be separated but in the analysis in this 
paper the cores, if they have continuous accurate ages 
(overlapping), are treated as one per site, with the exception 
of Osmanaga. 

The pollen data of the investigated cores include approx. 
250-300 species, which has been registered in the database 
(Figure 2 and 5B). Some papers only contain seven 
species/taxa while others present >200. Several species are 
reported with varied taxonomic level, for example Plantago 
may be presented as the genus Plantago and as the species 
Plantago lanceolata. In those cases both names have been 
inserted in the database (Figure 5). In determining the 
human impact there are different approaches, e.g.; 
investigating the AP/NAP ratio, i.e. the ratio of trees and 
herbaceous plants (Bottema & Woldring, 1990), focus on 
olive (Olea) pollen presence and amount (e.g. Wright, 1972), 
or classifying the species/taxa in vegetation types and 
compare to other proxy or climate indications (Kaniewski et 
al., 2008 and 2012). In this thesis, the major focus has been 
on AP, anthropogenic indicators and indicators of dry- moist- 
or wet conditions and their relationships. 

The species considered as anthropogenic indicators are 
classified in primary and secondary anthropogenic indicators 
to be used as groups in GIS visualization and the analysis. All 
categorizing and classifications are based on the information 
about the species/taxa provided by the investigated papers 
and books. Where the classification is unclear or discussed in 
the investigated papers they have been classified as 
secondary anthropogenic indicators. Certain wild species 
with fruits collected by humans (e.g. Juglans, Pistacia and 
Castanea) are also classified as secondary anthropogenic 
indicators. In order to analyze, visualize and plot the pollen 
records, the different species were categorized in ten main 
classes focusing on vegetation type and two sub-group levels 
pointing at certain indicator species or taxa. The ten main 
classes are the following; Aquatics, Coniferous, Deciduous, 
Evergreen, Evergreen/Macchia, Fern/Moss, Grass/Sedges, 
Herbs, Herbs/Macchia and Macchia. The sub-groups at level 
1 are Dry, Moist and Wet while the sub-group level 2 
include; Dense, Open, Prim A and Sec A. The groups Prim A 
and Sec A refer to primary and secondary anthropogenic 
indicators. The groups Dense and Open are not used in this 
analyze but are included in the database for future use. 
There are rather clear differences between the classes 
except for the ones including Macchia. To facilitate future 
use of the database in finding species/taxa of interest, the 
Macchia-class was divided into Evergreen/Macchia, 

Herbs/Macchia and Macchia. The papers providing data 
from the different sites on the Peloponnese mainly discuss 
the different species and fluctuations in percentages in 
different pollen zones with remarks on specific 
anthropogenic indicators. To fulfill the aims and to answer 
the research questions the approach in this thesis is to use 
the sub-groups and elaborate aligned diagrams to find 
patterns of interest or time phases regarding anthropogenic 
indicators and dry-wet indicators. Identification of time 
phases was done with two different approaches; i) time 
phases including known climate events, e.g. “8.2 ka event” 
and “4.2 ka event” and ii) aligning diagrams and choose 
periods where there was contemporary change in AP, 
anthropogenic indicators and dry-wet (climate) indicators at 
two or more sites. When knowing climate changes it is of 
interest to identify vegetation change correlated to the 
climate event but it may also be of interest to investigate 
periods were vegetation change indicate climate variations. 
When phases have been identified the climate and pollen 
record during that phase was analyzed in more detail. 

To visualize the interpretation of the vegetation changes 
maps were created in a Geographical Information System 
(GIS) using the information in the database. The base map is 
a digital elevation model (DEM) in raster format where 
elevation is shown in grayscale. The arboreal (AP) 
percentages are shown as “Thiessen polygons”, areas closest 
to a specified point feature - in this case the sites. The ocean 
and areas with elevation >1200 m a.s.l. are not included in 
the polygons. The different polygons showing AP% are in 
three different green colors regarding the three categories 
<33%, 33-66% and >66% (Appendix I). The primary and 
secondary indicators are shown as pie charts for each site 
visualizing the part of the specific indicator related to both 
anthropogenic indicators in total. The pie sizes depend on 
the total percentages of both anthropogenic indicators. The 
maps have been made with 300 years intervals between 0 
and 10,800 yrs cal BP (all ages expressed in calibrated years 
are, from now on, abbreviated as yrs cal BP). The values of 
AP and the anthropogenic indicators are calculated averages 
from the included numbers within each interval. There are 
examples of calculations and visualizing of vegetation 
changes using logistic regression models (e.g. Flantua et al., 
2007) but with respect to the extent of the thesis at hand, 
calculating average values assumed to be sufficient.  

3 Results 

Eleven papers containing pollen data from ten sites on 
the Peloponnese were identified, (Table 1 and Figure 4). Ten 
papers cover different periods during the Holocene and one 
paper cover the time period 32,000-56,000 yrs cal BP (Figure 
3). One site, Kaiafa (Wright, 1972) is not incorporated in this 
review and analysis due to the lack of accurate dates, but 
the pollen data have been inserted in the database. Also 
excluded from the analysis are Akovitika (Engel et al., 2009), 
which has a short pollen record not within any of the 
analyzed phases, and Kleonai (Atherden et al., 1993), which  
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Table 1. Information from database about sites on Peloponnese peninsula with corresponding information about pollen samples 
and dated samples with references. (n.a. = not announced). 

Figure 3. Overview of the age 

intervals of the sites. The 
intervals depend on the 
recalculated ages of the pollen 
samples in the database. The 
recalculations were done using 
the accumulation rate. The 
names correspond to Table 1, 
except for site Kaiafa, which is 
excluded due to uncertain age 
determination. 
NOTE the different timescales 
on each side of the gap. 

Figure 4. Map of Peloponnese and the sites providing pollen data. The site Osmanaga on map are divided in three sites, Osmanaga 1-3 

in database due to different studies and authors/references (Table 1 and Figure 3).           
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show relatively long hiatuses and low resolution. However, 
both Akovitika and Kleonai are included in the database and 
GIS maps. The investigated sites (except Kaiafa) are briefly 
described here: 

 Aliki is a small lagoon separated from the sea situated 
on the coastal alluvial plain at the shore of Gulf of 
Corinth (Kontopoulos & Avramidis, 2003). 

 Phlious is a basin surrounded by mountains. The basin 
has an average altitude of 280 m a.s.l. (Urban & Fuchs, 
2005). 

 Kleonai is rather similar to Phlious, with a limestone 
karst landscape in a mountainous area. The coring was 
done at a spring head or natural hollow (Atherden et 
al., 1993). 

 Koiladha, the most easterly of the sites is located at the 
bay between the Koiladha village and the island of 
Koronis. The water is approx. 10 meter deep (Bottema, 
1990). 

 Lake Lerna is an ancient lake on the coastal plain of 
Argive surrounded by hills and mountains of limestone 
and marl. The plain is of mainly alluvial deposits (Jahns, 
1993). 

  Akovitika is situated at the lower Messenian plain 
bordered by a fault and megahorst and pre-Quaternary 
Graben. At the shore currants providing sediment 
supply (Engel et al., 2009). 

 Aghios Phloros is a drained fen shaped by floodplain 
sediments during Holocene. The same fault system 

Figure 5. Examples from the database tables. Table A show how the dated samples are inserted and presented in the 
database. Table B consist of Species/Taxa and the classifications and sub-groups while Table C show a part of Lake Lerna pollen 
data. It is possible to sort the data in the columns in any way. 
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shape the surroundings here as in Akovitika 
(Papazisimou et al., 2005). 

 Osmanaga is a shallow back-barrier lagoon at the 
northern shore of Navarino Bay bordered by a low 
alluvial/fluvial plain (Wright, 1972; Kraft et al., 1980; 
Zangger et al., 1997).  

 Kotihi lagoon is separated from the sea and located at 
the shore of the Ionian Sea. The sediment is mainly 
fluvial (Lazarova et al., 2012). 

During the literature review it became obvious that the 
papers had different approaches and objectives. Some of 
them focussed on palynological and archaeological data and 
vegetation history (e.g. Wright, 1972; Bottema & Woldring, 
1990; Atherden et al., 1993; Jahns, 1993; Lazarova et al., 
2012) while others points at palaeoclimate variations using 
different proxy records or investigating geological settings 
(e.g. Kraft et al., 1980; Urban & Fuchs, 2005; Finné et al., 
2011; Heymann et al., 2013). From the investigated papers 
pollen data was derived and put into the “PollenData” tables 
of the database (Figure 5C).  

There are also tables for the dated samples, for the sites 
and locations and one table for the categorization of the 
plant taxa. The metadata, describing the other table 
contents together with notes in order to account for 
interpretations and calculations did get a table of its own. 
Figure 5 show an example of the pollen data table (part C) 
with percentages and pollen sample ages while part B (in 
Figure 5) show the table Species/Taxa including 
species/taxa name, classifications and comments. An 
example of the table regarding the dated samples is shown 
in part A (Figure 5). 

The result from the GIS work and maps with 300 years 
interval are shown in the Appendix I. 

Investigated time phases 

The Phases I-V are described here and show variations in 
pollen groups with highlighted fluctuations of certain 
species/taxa (Figure 6-8). The predominated climate is also 
described. The AP% curve is plotted in the same diagram as 
the anthropogenic indicators. Arboreal pollen may be 
interpreted as climate indicators as well as anthropogenic 
indicators. In a majority of the investigated papers 
interpretations are based on variations between AP and 
anthropogenic indicators and they are thus plotted together.  

Phase I, between 51,500-49,500 yrs cal BP 

The site of Phlious is the only one covering this early period 
(Figure 3 and 6). The phase is characterized by an increase in 
both primary and secondary anthropogenic indicators and a 
contemporary rapid drop in AP%. During the phase the small 
peak at 51,000 yrs cal BP is due to an increase in Cerealia. 
Decreasing percentages of mainly Juniperus and Plantago 
lanceolata as well as small differences in a number of taxa 
represent the secondary indicators, while Artemisia, 

Asteroideae and Chenopodiaceae (not included in secondary 
anthropogenic indicators) are increasing during the same 
time. According to Urban & Fuchs (2005) the increasing 
values of herbs as Chenopodiaceae, Artemisia and 
Asteroideae show open vegetation, occasional disrupted 
with wetter periods. The dry-wet indicators show peaks in 
both wet- and dry indicators. In comparison with Urban & 
Fuchs (2005) original pollen diagram, Phase I may be 
correlated to the transition from the Greenland Stadial (GS) 
14 into and throughout the Greenland Interstadial (GIS) 13 
(Dansgaard et al., 1993; Urban & Fuchs, 2005). According to 
Bond et al. (1993) and Benazzi et al. (2011), the cooling 
cycles during the temperature oscillations (Dansgaard-
Oeschger events) culminated in “Heinrich events”, which 
was rapidly followed by warmer periods. Urban & Fuchs 
(2005) suggest that a decrease of AP% around 51,000-50,000 
yrs cal BP, corresponding to depths between 1219 and 1169 
cm may be correlated to Heinrich event 5 (HE5). 

Phase II, between 8500-7300 yrs cal BP 

Phase II is somewhat earlier than most of the records at 
Peloponnese (Table 1 and Figure 3, 6-7). The Lake Lerna 
pollen record in the end of the phase show increasing trends 
in AP%, with high values of Phillyrea, Juniperus, Ostrya/C. 
orientalis, Fraxinus ornus and Quercus ilex/coccifera while 
values of Pinus and Quercus pubescence are decreasing. The 
primary indicators show a modest decreasing trend. Notable 
in the Lake Lerna pollen record is the initial rapid increase in 
wet indicators followed by a rapid decrease in both wet- and 
moist indicators. 

The pollen record from Osmanaga and the cores 03, 15 
and 30 (Wright, 1972; Kraft et al., 1980) (Figure 6), show an 
initially dramatic rise in AP% while both primary and 
secondary anthropogenic indicators are falling. This is 
followed by an increasing trend in the primary and 
secondary anthropogenic indicators while the AP% decrease. 
These changes are due to internal variations in the AP class. 
The initial rise is caused by, at first, increasing values of 
Ostrya, Quercus and Olea while Pinus drop. After that the 
Pinus rise again while the other AP species fall to almost 0%. 
The following decrease in AP% is mostly due to decreasing 
values of Pinus while Ostrya, Olea and Quercus slowly 
increase again. At the end of the phase there is a drop in AP, 
due to Pinus values, but there is also a drop in the primary 
anthropogenic indicators. The secondary indicators show a 
rapid but not substantial increase at the same time. The dry 
indicators show a slow increase during the phase while 
moist indicators show an opposite trend. There are no wet 
indicators in this pollen record. Regarding core D4 from 
Osmanaga (Figure 7) there are only minor changes, e.g. the 
arboreal pollen percentages are slowly increasing while the 
secondary anthropogenic indicators show a modest 
decrease.  

According to Heymann et al. (2013) the climate after 
8500 yrs cal BP became more humid, which is corresponding 
to Finné & Holmgren (2010) who are referring to the African 
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Humid Period (approx. 9000- 5500 yrs cal BP). During this 
period, vegetation with plants adapted to cool and arid 
conditions was replaced by plants favoring moisture and 
warmer conditions. Heymann et al. (2013) emphasize that a 
short dry shift centered around 8300 yrs cal BP may 
correspond to the  “8.2 ka event” when meltwater outflow 
in North Atlantic Ocean caused disturbance in the deep 
water formation. There are traces in marine records and 
sapropel formation from approx. 8200 yrs cal BP indicating a 
cooling and period of aridity (Finné & Holmgren, 2010). 

 The wetter conditions proceed until around 5000 yrs cal 
BP with a dryer period around 7000 yrs cal BP. In more 
detail, the wet winter/summer conditions persisting from 
about 8500 yrs cal BP culminated in a marked increase of 
humidity about 8000 yrs cal BP. After that time the winters 
was still rather wet but the summers became drier 
(Heymann et al., 2013). The authors point out that lake 
levels become lower and wind stress increased after 7500 
yrs cal BP, indicating a dryer climate and a more open 
landscape.  

 

Phase III, between 5200-4000 yrs cal BP 

Phase III is covered by all pollen studies investigated 
except at site Phlious (Urban & Fuchs, 2005). According to 
Bottema & Woldring (1990), the first time that indicative 
pollen data support evidence of human activity at site 
Koiladha is about 4000 yrs BP, (c. 4443-4508 yrs cal BP). The 
diagram in Figure 7 suggests a slight increase in primary 
anthropogenic indicators from approx. 6000 yrs cal BP to 
4100 yrs cal BP and then a drop in the record. The secondary 
anthropogenic indicators and AP% show rather stable 
values, except for an increase in AP% in the end of Phase III. 
The indicators of dry and wet conditions are also relatively 
stable during the phase.  The data from the nearby site Lake 
Lerna show a corresponding sudden drop in primary 
indicators at the end of the phase.  The AP% of Lake Lerna 
shows a decreasing trend during the phase while the 
secondary indicators mainly decrease except for a small 
increase at the end. There are peaks in both wet- and moist 
indicators just before Phase III but during the phase there is 
only a modest increase of the moist indicators (Figure 7).  

 

Figure 6. Pollen data from Osmanaga (core 03, 15 and 30) and Phlious. Diagram A includes AP% (blue), Primary anthropogenic 

indicators (red) and Secondary anthropogenic indicators (black) while diagram B includes the climate indicators; Wet (blue), Moist 
(green) and Dry (red). The phases are shown in grayscale and have Roman numbers. The oldest part of the record origin from core 
03 (Kraft et al., 1980) while the youngest part origin from the cores 15 and 30 (Wright, 1972). Comparisons must be done within 
each diagram and not between the diagrams according to the different Y-scales (%).  
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Figure 7. Pollen data from Lake Lerna, Koiladha, Osmanaga (D4) and Aghios Phloros. Diagram A includes AP% (blue), Primary 

anthropogenic indicators (red) and Secondary anthropogenic indicators (black) while diagram B includes the climate 
indicators; Wet (blue), Moist (green) and Dry (red). The phases are shown in grayscale and have Roman numbers. Comparisons 
must be done within each diagram and not between the diagrams according to the different Y-scales (%). 
 

      

Reading pollen records at Peloponnese, Greece



14 
 

The pollen records from site Aghios Phloros show no 
major fluctuations in the primary anthropogenic indicators. 
In turn, the secondary anthropogenic indicators fluctuate 
between 7-17%. The AP% is at first increasing to 65% then 
rapidly decreasing to 40%. The dry indicators show an initial 
decrease but increase during the latter part of the phase 
while the wet indicators show the opposite pattern. The 
moist indicators show an overall increasing trend. At 
Osmanaga, core D4, there is an increase in primary and 
secondary indicators from around 4500 yrs cal BP (Figure 7). 
There is a peak in the primary indicator at c. 4000 yrs cal BP. 
A peak in dry indicators is concurring with a decrease in AP. 
This is followed by decreasing values of dry indicators 
together with an increase in wet indicators. 

At Kotihi, Phase III shows mostly stable levels in all curves 
except for a peak in AP% around 4200 yrs cal BP and a small 
but rapid decrease in the primary anthropogenic indicator 
records between 4200-4000 yrs cal BP. At the likewise 
northerly site Aliki the AP% and primary anthropogenic 
records show increasing trends. The arboreal pollen rises 
from approx. 55% to >80%. At Aliki the wet- and moist 
indicators show rapid falls in the middle of the phase while 
the dry indicators are rather static. The pollen record starts 

in the middle of the phase and the preceding values are 
unknown. 

During Phase III the climate is shifting according to Finné 
& Holmgren (2010) with a wet-dryer transition in Greece and 
adjacent records between 5300 and 4700 yrs cal BP 
corresponding to Heymann et al. (2013) who is pointing at a 
wetter climate prior to Phase III. In turn, Roberts et al. 
(2011) infer a dry period between 5400-5000 yrs cal BP. 
Bottema (1990) refer to a debris flow at the southern Argolid 
and connecting that with a dryer climate or land clearance. 
One pollen zone at Koiladha, corresponding to Phase III, 
contains several small charcoal particles (Bottema, 1990). 
Regarding the temperature Peloponnese is located between 
areas with cooler climate (at northwest) and areas with 
warmer climate (at southeast) (Finné & Holmgren, 2010). 
The “4.2 ka event” corresponds to the later part of this 
phase (Finné et al., 2011; Kaniewski et al., 2008 and 2013). 
Finné et al. (2011) point at a widespread aridity around 4200 
yrs cal BP but cannot conclude if it is a distinct event, rather 
they suggest it being a part of the generally climatic changes 
beginning at 4600 yrs cal BP. Kaniewski et al. (2008 and 
2013) in turn, shows a short-term drought approx. 4450 yrs 
cal BP and another more extended dry period between 

Figure 8. Pollen data from Kotihi and Aliki. Diagram A includes AP% (blue), Primary anthropogenic indicators (red) and Secondary 

anthropogenic indicators (black) while diagram B includes the climate indicators; Wet (blue), Moist (green) and Dry (red). The phases 
are shown in grayscale and have roman numbers. Comparisons must be done within each diagram and not between the diagrams 
according to the different Y-scales (%). 
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2780-3200 yrs cal BP in the dry-wet time series in pollen 
derived clusters. 

Phase IV, between 3500-2500 yrs cal BP 

During Phase IV there are high percentages of both 
secondary and primary anthropogenic indicators in some of 
the sites. At the sites Lake Lerna and Osmanaga, the highest 
values of primary indicators are indeed in this phase. At Lake 
Lerna the phase starts with a small but rapid increase in the 
primary indicators followed by a drop but then a strong peak 
to the highest value of 31,6% at about 2900 yrs cal BP. 
Contemporary with the rise of the primary anthropogenic 
indicators, the AP% drop rapidly. The secondary 
anthropogenic indicators mainly follow the primary 
anthropogenic indicators. Initially, moist indicators show 
high values. A drop around 3000 yrs cal BP is followed by an 
increase. The wet indicators increase mainly during the 
latter part of the phase. The pollen records at Koiladha show 
no similarities with the nearby Lake Lerna records (Figure 7). 
At Koiladha the primary anthropogenic indicators are rather 
stable around 6-8%. The AP% increase from low values 
around 30% to high values around 80% while the secondary 
anthropogenic indicators show the opposite pattern. The 
arboreal pollen shows an overall increasing trend during 
Phase IV but the included taxa behave in different ways. 
Olea, Abies, Pinus and Ostrya/C. orientalis are steadily 
increasing while Betula and Corylus are decreasing. Quercus 
cerris-type show a slight increase in the middle of the phase 
but the opposite regards to Quercus coccifera, which show a 
slight drop in the middle.  

At Osmanaga the AP% and secondary indicators varies 
while the primary indicators show major peaks in cores 15, 
30 and D4 (Wright, 1972; Zangger et al., 1997). In core D4 
the wet indicators show high values before the peak in 
primary anthropogenic indicators. In cores 15 and 30, the 
dry indicators decrease slowly, similar to dry indicators in 
core D4. At nearby Aghios Phloros the pollen record in Phase 
IV is disturbed by a hiatus at the beginning of the phase. 
There are decreasing values in AP, primary anthropogenic 
indicators, dry- and wet indicators while secondary 
anthropogenic indicators and moist indicators show minor 
increases. 

Generally increasing records characterize Phase IV at 
Aliki (Figure 8). The AP% rises from approx. 40% to 70% but 
then fall back to approx. 57%. This variation depends mostly 
to values of Pinus, Pistacia and “Other wood” and 
corresponds to a rapid transition from a moist-wet condition 
to a drier environment. The secondary indicators increase in 
the middle of the phase while the primary indicators 
increase at the end of the phase. At Kotihi, on the western 
side of northern Peloponnese, the primary indicators show 
an increasing trend while the opposite are evinced regarding 
the secondary indicators. The initial decrease in AP% is 
mostly due to falling values of Pinus, Corylus and Ostrya 
even though Olea and Quercus are increasing. The following 
increase depends highly on Olea.  

According to Finné et al. (2011) there is a consensus of 
dryer conditions between 3400-2800 yrs cal BP even though 
there is some variability. The temperature vary with 
suggested warmer conditions between 3300-3100 yrs cal BP 
though a rapid cooling from about 3000 yrs cal BP is inferred 
by cave and marine records. Data from Syria suggest 
increasing aridity between 3400-2800 yrs cal BP (Kaniewski 
et al., 2008) and Roberts et al. (2011) refer to a dry period 
between 3300-3000 yrs cal BP. A period with several 
indications of human activities throughout the eastern 
Mediterranean area is described as the Beyşehir Occupation 
phase (B. O. phase).  According to Bakker et al. (2013) the B. 
O. phase roughly occurred between 3000-1300 yrs cal BP but 
may vary significantly in time, depending on the site 
location. Bottema & Woldring (1990) stress that the B. O. 
phase occurred between 3660-3440 yrs cal BP and at site 
Koiladha, the B. O. phase starts at depth 175 cm 
corresponding to c. 3400 yrs cal BP, which is close to the 
beginning of Phase IV. 

Phase V, between 2000-1500 yrs cal BP 

This phase is characterized by generally high values of 
arboreal pollen percentages in most of the investigated 
sites, but also that the values drop at the end of Phase V.  At 
northern Peloponnese the site Aliki the AP% initially is quite 
stable but at the middle of the phase the value suddenly 
increase up to about 80% followed by a rapid drop down to 
approx. 35%. Initially, the primary anthropogenic indicators 
show falling percentages but thereafter a more modest 
decrease down to 0% directly after the phase. The secondary 
indicators stay at low values with small variations. The AP% 
peak depends mostly of rising values in Quercus and Ulmus 
but with counteracting decreasing values of Olea as well as 
grasses (Poaceae) and Chenopodiaceae. Notable is the 
increase in the moist indicators while the AP% drops. At 
Kotihi, there is initial high AP% followed by a rapid drop 
contemporary with the dry indicators. The primary and 
secondary anthropogenic indicators show together with 
moist- and wet indicators modest variations. 

At Koiladha, there is an increase in the primary 
anthropogenic records. The secondary indicators increase at 
first but are followed by a drop. Contemporary there is a 
slight decrease in AP%. The change in the arboreal pollen 
curve regards to different changes in a number of 
species/taxa. Initially, there is an increase in Abies, Ostrya/C. 
orientalis and Quercus cerris-type pollen while Phillyrea, 
Pistacia and Quercus coccifera is decreasing. Later on the 
values changes to the opposite. The values of Olea rise 
during the whole phase while the values of Pinus are 
decreasing. 

The Lake Lerna record show small changes in low 
numbers regarding primary anthropogenic indicators while 
the secondary anthropogenic indicators show a more 
substantial increase. The AP% record drop at Lake Lerna 
corresponds to Aghios Phloros even though the drop is 
larger in magnitude. The AP% drop is related to decreasing 
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values of Pinus but also of increasing values in flowering 
herbs like Caryophyllaceae and Compositae/Asteroideae.  

At Aghios Phloros, the arboreal pollen is initially stable 
but towards the end of the phase there is a modest drop 
similar to Lake Lerna record. The secondary and primary 
anthropogenic indicators are showing an opposite pattern. A 
peak in moist indicator around 1800-1700 yrs cal BP is 
contemporary with low values of wet indicators. Initially, dry 
indicators are decreasing but thereafter stable at about 23%.  

In Phase V the climate is generally shifting from arid 
conditions before the phase to a more humid climate 
between 2400-1800 yrs cal BP, which correlate to the so-
called Roman warm period (Finné et al, 2011). However, 
there is variability in the records and the authors point out 
the lack of discernable spatial pattern. Following the maps in 
Finné & Holmgren (2010) there is a shift from dry/warm 
conditions to slightly wetter/cooler conditions for the 
Peloponnese.  

4 Discussion 

Methods and sources of errors 

The primary goals of the literature study were to find 
pollen data from investigations on the Peloponnese 
peninsula and to provide a database with basic data for this 
analysis and for future research. Data from Sheehan (1979) 
became available too late to be involved in the analysis but 
are included in the database. Missing data may be available 
in papers in other languages or where pollen records are 
part of other types of investigations, e.g. archaeological or 
geological. 

When developing the database there were several 
considerations regarding data availability, the present 
analysis and future use, which have to be done.  It has to be 
easy to derive information from the database and possible 
to extract and present the data in different ways. At present, 
there are some columns that are empty but with headers, 
which makes it feel rather unfinished but it is a way to help 
future users in collecting more data and to fill the database 
with relevant information. There are also no restrictions in 
creating posts or columns to extend the database further. 
One drawback is that the database as a system is created in 
Swedish, which can make the system tabs and language hard 
to read. However, the data and headers in all tables are in 
English.  

The pollen diagrams from the literature study showed, as 
earlier mentioned, varied quality and contents. Reading the 
diagrams was carefully done during the same time period 
(same day) to avoid differences in interpretation. Looking 
back on already inserted data by routine minimize the risk of 
error in translation between original diagrams and database. 
The published diagrams mostly presented a selection of 
species/taxa and this might be a problem. A comparison may 
be incomplete as the included species/taxa may differ. 

However, the diagrams more often than not showed the 
most abundant and relevant (as indicative species) 
species/taxa. The data provided by the European Pollen 
Database (EPD) regarding the sites Koiladha and Lake Lerna 
(Bottema, 1990; Jahns, 1993) contained a greater amount of 
species. Though, the percentage of arboreal pollen and the 
pollen sum was not included, those data was taken from the 
original published diagram. A general issue with percentage 
pollen diagrams is, according to Lowe & Walker (1997), that 
they are interdependent; meaning if one species/taxon is 
increasing; the percentage of the others automatically 
decrease. Those changes may not represent the absolute 
numbers of pollen grains or even changes in the 
environment. As for example, decreasing AP% may depend 
on decreasing values of tree pollen but may also be a result 
of increasing herb pollen while the amount of tree pollen 
actually are constant. The pollen records from Phlious during 
Phase I might indicate this phenomenon. A detailed analyze 
of the included species/taxa variations has to be done to 
avoid overhasty conclusions about the AP percentages and 
its causes.  

Grouping and classification of the species/taxa has been 
done earlier (Kaniewski et al., 2008 and 2013) and the 
approach may reveal patterns unseen by a more detailed 
species analysis. A shortcoming of the method is that other 
patterns may hide in the groups, for example variations of 
two different species in one group. One of the included 
species may increase rapidly while another one is decreasing 
making the overall curve rather stable. Variations within the 
group may, however, be of interest. This is shown by the 
arboreal pollen in some of the phases analyzed. In this study 
the pattern of the classifications was the main objective but 
a combination has been conducted in using the pollen 
groups, in figures and analysis but with some detailed 
information about dominating taxa. Regarding plant 
communities and taxa associated as anthropogenic 
indicators there are troublesome interpretations and 
classifications even though identification are possible 
(Atherden & Hall, 1994). 

 Many macchia shrubs and herbs are under-represented 
in the pollen record and the separation between evergreen 
and deciduous oak (Quercus sp) may be problematic due to 
different types of Quercus coccifera. In some papers there 
was no difference between the Quercus species (Wright, 
1972; Kraft et al., 1980), which in turn may be a limitation in 
an investigation about vegetation history but also in 
interpreting human impact. It may grow as a low macchia 
shrub but also as a full size tree in the woodlands of Greece, 
which makes an increasing amount of pollen a poor indicator 
of macchia shrub extension (Atherden & Hall, 1994). The 
macchia shrub might be affected by humans in clearance or 
when human settlements are abandoned. Many of the taxa 
expected as anthropogenic indicators may also be native 
plants (as for example Olea and different kind of Cerealia) 
and some taxa may indicate a pre-woodland phase (Behre, 
1990; Jahns, 1993). To be connected to human activities the 
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anthropogenic indicators needs to appear in large amounts, 
which are emphasized by Jahns (1993). Chenopodiaceae is a 
plant family that is hard to classify as some researcher stress 
that high values may indicate human activities (Jahns, 1993) 
while other see them as a plant reflecting the local 
conditions and do not include them in the pollen sum 
(Wright, 1972; Zangger et al., 1997). In the database 
Chenopodiaceae is not classified as an anthropogenic 
indicator but may, if new knowledge appears about its role 
in the landscape, be included by other users. 

About pollen preservation, accumulation and age 
interpretations there are several implications as noted in the 
introduction. The preservation has not been included in this 
analysis but in the database there are notes regarding sites 
with hiatuses and samples with low pollen abundances. A 
problematic matter is that species may have been 
introduced to an area by humans but may also be occurring 
naturally or in combination (Behre, 1990; Jahns, 1993). This 
issue may cause severe problems in interpreting diagrams 
and pollen data. Olea is one of those species where low 
values may be considered having a wild origin while higher 
values indicate cultivation by humans although there are no 
distinct limits (Behre, 1990; Jahns, 1993). Cerealia is another 
plant family where similar problems arise in interpretation. 
As both species/taxa are considered as primary 
anthropogenic indicators the diagrams (Figure 6-8) do not 
show individual variations. This might impact the results 
causing overestimation of the human impact on the 
environment. However, in a regional analysis of the 
anthropogenic indicators, the general variations may be 
sufficient in interpreting the humans as minor or major 
actors in vegetation change.  

The investigated papers include conventional 
radiocarbon dating as well as AMS (Table 1). The linkage 
between dated samples and pollen samples are not always 
clear as the samples may have been taken from different 
cores and/or from different depths. The accumulation rate is 
helpful when estimating the age of the pollen samples. 
Another problem arises when sediment/peat samples lack 
pollen or have a record of few pollen grains, as in the Kleonai 
and Aghios Phloros records (Bottema, 1990; Papazisimou et 
al., 2005). Lack of pollen can be due to poor preservation in 
some types of sediment or have a climatic or anthropogenic 
explanation. To correlate pollen samples and climate are 
somewhat troublesome due to uncertainties in age 
determination of the pollen sample but also in climate 
interpretations. Climate reconstructions may use pollen data 
to determine climate changes. Thus, there might be a risk of 
circular argument if that climate reconstruction, in turn, is 
used in vegetation change interpretations. When using 
climate reconstructions and interpretations based on several 
proxies as in Finné & Holmgren (2010), Finné et al. (2011), 
Roberts et al. (2011) and Heymann et al. (2013), the risk is 
minimized.  

When creating the GIS visualization, a 300 years interval 
was chosen in order to show the changes in arboreal pollen 
and the various indicator groups. Due to uncertainties in age 
determination and limited numbers of dated samples in the 
investigated papers, the intervals were not allowed to be 
shorter. According to Zangger et al. (1997) a temporal 
resolution of 200-400 year interval is too coarse to 
document vegetation change. However, that resolution 
concerns a local vegetation change and not a change in a 
regional context. As this visualization has a regional 
objective the resolution was considered sufficient. Shorter 
intervals had resulted in several breaks and intervals without 
pollen data. The areas in the maps showing AP% in different 
green colors are based on the data from the different sites. 
The extension of the colored areas follows the principle of 
“nearest point” which means, in this case, that every point 
at the map receives the data value from the nearest site. 
Because of that, the extent of the areas may not reflect any 
“truth”, considering the lack of data between the sites.   

Pattern in climate and pollen groups 

Regarding Phase I and site Phlious, the fluctuations in 
some taxa must be seen in the perspective that the 
percentages were interpreted as 1, 5, 10 and continuing 
every fifth %. This may cause apparently larger fluctuations 
in diagrams based on pollen data extracted from the 
database than in the original diagram. The oldest dated 
sample at Phlious has an age of >40,000 yrs BP, which means 
that parts of the original diagram had no accurate dates and 
the ages of the pollen samples has to be estimated. Though, 
the authors assume a certain accumulation rate applicable 
to the core as a whole. In turn, the estimated ages are not 
far from the ages produced by Digerfeldt et al. (2000). 

 Phase I ages are within the period when modern 
humans appeared in southern Europe and the Neanderthal 
disappeared (Benazzi et al., 2011), which makes the pollen 
record undisturbed by human activities. This makes the 
record important as a comparison to the others on 
Peloponnese where human impacts are expected to be 
greater. Digerfeldt et al. (2000) show a similar trend in a 
pollen diagram from Lake Xinias, in central Greece. The AP% 
drop rapidly from high values and return to high values after 
the drop, simultaneously the values of Chenopodiaceae and 
Artemisia are increasing during the AP% drop. The 
counteracting peak in both dry and wet indicators (Figure 6) 
may be explained by the relation between the arboreal 
pollen and non-arboreal pollen. It must be taken into 
consideration that there are no absolute numbers but a 
relationship in percentages. Another explanation may be 
that the fall in AP% reflects a decrease in surrounding 
montane forest but the more local taxa reflect the condition 
in a close area. The forest might respond to the suggested 
“Heinrich event 5” in a higher degree as growing at higher 
altitude and unsheltered while the valley may have a more 
beneficial local climate. This might correspond to the 
decrease in moist indicators as they usually thrive in a warm 
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humid climate while the dry indicators may indicate either 
dry/cold or dry/hot conditions. 

Phase II shows a rather clear pattern in vegetation 
change due to climate variations. The drastic changes in the 
records of Osmanaga and core 03, 15 and 30 around 8500 
yrs cal BP may reflect the “8.2 ka event” (Figure 6). The 
differences in the timing of the event may be due to 
uncertainties in the dated samples and age determinations. 
The “8.2 ka event” is apparent in other pollen records 
throughout the Mediterranean area (Sadori et al., 2011). The 
internal values of the AP class was of importance in 
interpreting these changes as the more humid climate 
suggested by Heymann et al. (2013) and Finné & Holmgren 
(2010) could be traced in the initial increase of Ostrya, 
Quercus and Olea. A tentative explanation of the following 
rapid fall of those species and the sudden rise of Pinus is the 
impact of the “8.2 ka event”. These internal variations of the 
AP are also shown in Phase IV and Phase V pointing at 
difficulties in using AP in interpretations without considering 
the species variations. According to Jahns (1993) there were 
human settlements in the area about 8000 yrs cal BP but the 
farming was limited while Engel et al. (2009) means that the 
vegetation during the early Neolithic times was undisturbed. 
Bottema & Woldring (1990) stress that early-Neolithic 
settlements mainly were located in areas with open 
vegetation, e.g. at alluvial plains and steppes, or along rivers 
and lakes, which makes the impact on the vegetation limited 
and difficult to observe in the pollen record. This implies that 
the vegetation changes mostly reflect climate conditions at 
this time. 

In the later part of Holocene, human settlements 
becomes more abundant (Jahns, 1993) with documented 
settlements at Akovitika about 4800-4500 yrs cal BP (Engel 
et al., 2009), near Lake Lerna between 5800-4600 yrs cal BP 
(Jahns, 1993) and at Osmanaga between 5600-4500 yrs cal 
BP (Kraft et al., 1980). Phase III begins during this time and 
the primary anthropogenic indicators imply human activities 
in the northern part (Aliki and Kotihi) as well as the eastern 
part (Koiladha and Lake Lerna) of the Peloponnese (Figure 7-
8). The available pollen data show small variations 
considering the dry-wet indicators with the exception of 
core D4 at Osmanaga. The fall in AP% and rise of dry 
indicators may be a response to the “4.2 ka event” 
detectible in other proxies (Finné et al., 2011) even though 
the variation of the wet indicators complicate the pattern. 
The small variations on other sites may be a reflection of 
local conditions rather than responses to climate. The 
overall high AP percentages (with the exception of site 
Koiladha and core D4 at Osmanaga) infer that the landscape 
was rather forested even though it was not dense or had 
closed canopies (Appendix I). Engel et al. (2009) also points 
to a rather forested environment and occurrence of charcoal 
fragments, implying that both climate and man was driving 
forces in the vegetation changes. 

Regarding Phase IV there are high values of primary 
indicators indicating an increasing impact of humans. At the 
sites Aliki, Lake Lerna and Kotihi there is also a correlating 
decrease in AP%, which strengthens the suggestion of 
humans being the major affecting force (Figure 7-8). 
Kontopoulos & Avramidis (2003) mainly focus on 
sedimentation and deposits in their study at Aliki but refer 
to a dry and cold climate but also an increasing impact of 
human actions as deforestation and land degradation. A dry 
climate is also suggested by Finné & Holmgren (2010) and 
Finné et al. (2011). Lazarova et al. (2012) instead indicate 
wetter conditions, which in turn correspond to the slight 
increase in wet indicators even though the dry indicators 
dominate. Jahns (1993) emphasize the cultural prosperity at 
the Argive plain and Lerna with influences from the Cretan 
Minoan culture and foreign trade and that fortresses of 
Mycenae and Tiryns were built at this time. At the site Kotihi 
the anthropogenic indicators are slightly increasing which, 
according to Lazarova et al. 2012, may reflect the increasing 
human activity with a culmination directly after the phase. 
During this phase a complex picture appears regarding 
climate and human impacts with humans affecting the 
southeastern part of the Peloponnese to a higher degree 
than in the northern parts where climate seem to have 
affected the local conditions.  

Humans have been the main factor in vegetation change 
during the last 3000 years according to Lazarova et al. (2012) 
and in the view of this the interpretation of vegetation 
change in relation to climate becomes more difficult. The 
human activities gradually affect the landscape and the 
variations due to climate changes may be hard to detect. 
However, the shift from dry/warm conditions to 
wetter/cooler conditions, inferred by Finné & Holmgren 
(2010), is traceable during Phase V in the dry-wet indicators 
(Figure 6-8). During Phase V there is a general decline in 
AP%, which indicates a more open landscape probably 
affected by human activities even though the anthropogenic 
indicators do not show more human activity in the 
landscape. The maps in Appendix I do not show the general 
decline in AP% or suggested open landscape. The suggested 
changes might be the result of a more varied agriculture, 
which is difficult to recognize in the groups of pollen used in 
this thesis. A more detailed study may highlight that kind of 
changes. Jahns (1993) infer that the culture at Argive Plain 
gradually loses its importance but the traces in the 
anthropogenic indicators from the nearby site Koiladha 
(Bottema & Woldring, 1990) show an increase, implying that 
areas around Koiladha Bay were affected by human impact 
(Figure 7).  

5 Outcomes and conclusions 

The developed database is the main outcome from the 
literature study. One of the aims was to assemble published 
pollen data from the Peloponnese regarding Late 
Pleistocene and Holocene. In order to facilitate the research 
regarding climate change and pollen records the database is 
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constructed with possibilities to search and extract 
information in different ways. The included tables show 
different data from the investigated sites; e.g. locations, 
depths, species/taxa and ages of the pollen samples. It is 
possible to derive information from different tables by doing 
a combined search. For example, the database can relate the 
values (%) for a specific species in a sub-group to a specific 
depth even if the data origin from different tables. A 
combined search may find, relate and extract the data as 
wanted. However, no database is better than the input and 
much effort was laid in interpreting the pollen diagrams in 
the papers investigated, in calculating the ages and in 
preparing for future use. 

The GIS maps (Appendix I) show the spatial perspective 
on the data provided from the database. Caution is needed 
in interpretation because of, as earlier mentioned, different 
quality of the pollen data input. The AP group may be 
further divided in additional percentage classes. Though, an 
AP group with separation of evergreen, deciduous and 
coniferous species could be even more appropriate. 

When using the data from the database the 
classifications were tested in the analysis and pollen records 
may show important patterns in landscape change during 
Late Pleistocene and Holocene. In order to distinguish 
between driving forces and actors affecting the vegetation, 
pollen data may be used both at species level but also 
grouped based on classifications of the pollen types. When 
investigating species in detail the local conditions are 
emphasized but at a regional scale the classifications and 
grouping of pollen may yield more information. However, 
using groups requires caution in classification and 
interpretation. Using pollen records at a regional scale need 
comparisons between coring sites, which may be 
troublesome due to different approaches, different species 
investigated and varied calculation of the pollen sum. This 
may in turn be overcome by using classifications even 
though there still might be discrepancies.  
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Maps showing Holocene time intervals with Primary and Secondary anthropogenic indicators and AP%. AP%-classes are shown in green 
colors. The Primary anthropogenic indicators are the red parts of the pie charts while the Secondary anthropogenic indicators are the 
yellow parts. The diameters of the pie charts are related to the total % of anthropogenic indicators. This means if the pie chart is small 
there is low percentages of anthropogenic indicators but if the pie chart is larger there are higher percentages of anthropogenic 
indicators. Late Pleistocene (and site Phlious) is excluded since there are no anthropogenic influences on vegetation. Site Kaiafa is 
excluded due to uncertain age determinations. The areal distributions of the AP% sectors are defined by “Thiessen polygons”, areas 
closest to a specified point feature - in this case the sites. 
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