
13.1 INTRODUCTION

Regarded as one of the refugial regions of the Med-
iterranean basin during the glacial periods of the 
Quaternary in terms of the long-term persistence 
of plants (e.g., Médail and Diadema 2009; Tzeda-
kis et al., 2006), Greece would have provided the 
needed ecological conditions to sustain high biodi-
versity of plants and animals, and thus abundant 
resources for human populations. Furthermore, the 
geographic position of Greece lies directly on a ma-
jor dispersal route connecting Eurasia and Africa 

(e.g., Harvati et al., 2009; Harvati, 2016; 2022; 
Tourloukis and Karkanas, 2012). These geographic 
and ecological conditions suggest a long and con-
tinuous presence of early humans in the region 
(e.g., Harvati and Tourloukis, 2013; Harvati and 
Roksandic, 2016). Although the paleoanthropo-
logical record is relatively poor due to historical 
research biases —focusing on later archaeological 
periods— recent work has begun to uncover im-
portant new evidence on the early human presence 
in Greece.

The stratified Middle Pleistocene site Mar-
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athousa 1 (hereafter MAR-1) was discovered by a 
joint team from the Ephorate of Paleoanthropolo-
gy and Speleology (EPS), Hellenic Ministry of Cul-
ture, and the Paleoanthropology working group 
of the University of Tübingen during the 2013 
paleoanthropological survey of the PaGE project 
(‚Paleoanthropology at the Gates of Europe‘) in the 
Megalopolis Basin (Peloponnese, southern Greece; 
Thompson et al., 2018). The site was subsequently 
excavated from 2014 to 2019 under the auspices 
of the EPS in the framework of the ERC projects 
PaGE and CROSSROADS. It has yielded >1000 
stratified lithic artifacts (Tourloukis et al., 2018b), 
some of them preserving use-wear associated with 
butchering activities (Guibert-Cardin et al., this 
volume), associated with large mammal bones, 
including cut-marked specimens (Konidaris et 
al., 2018, 2022) and other faunal (Doukas et al., 
2018; Michailidis et al., 2018; Vlachos et al., this 
volume) and paleobotanical remains (Field et al., 
2018). These rich finds indicate human activities 
at MAR-1 during the Middle Pleistocene period 
spanning the glacial period that corresponds to 
the Marine Isotope Stage (MIS) 12 (Jacobs et al., 
2018; Jacobs et al., this volume; Tourloukis et al., 
2018a). 

So far, the limited evidence concerning the 
vegetation and climatically forced plant popula-
tion changes (Field et al., 2018; Nickel et al., 1996; 
Okuda et al., 2002) at the time of deposition of 
the excavated MAR-1 assemblages constrains our 
knowledge of the paleoenvironmental setting that 
sustained the Megalopolis ecosystem during the 
course of one of the most severe glacials (MIS 
12) of the Quaternary (e.g., Koutsodendris et al.,  
2019; McManus et al., 1999; Naafs et al., 2014). 
Pollen records are considered a powerful tool for 
recognizing and studying refugial sites (e.g., Kep-
pel et al., 2012 and references therein), allowing 
the inference of the diachronic shifts in past envi-
ronmental conditions and biodiversity. Their anal-
ysis can potentially furnish a continuous record of 

the vegetation components (pollen species/taxa) 
within a specific geographic area. The long-term 
persistence of plant taxa (over millennia) under 
unstable climate conditions shows in situ refugia 
(e.g., Keppel et al., 2012; Médail and Diadema, 
2009). A previously published, high-resolution 
pollen record from western Greece demonstrates 
the continuous presence of temperate tree taxa 
withstanding recurrent glacials through the Qua-
ternary (Tzedakis et al., 2002). Under this perspec-
tive, the Quaternary pollen data from our study 
area (MAR-1) in southern Greece can furnish im-
portant insights concerning the continuous persis-
tence or diminishing of temperate tree populations 
during the course of MIS 12, thereby indicating 
the potential for their survival (or not), as well as 
for other organisms related to their ecosystem at 
that time. 

To better understand the mechanisms of 
MAR-1´s dynamic paleoenvironment (e.g., Blu-
dau et al., 2021; Karkanas et al., 2018), we per-
formed a detailed palynological analysis of a pro-
file from the excavated Area B at the MAR-1 site, 
covering the lithological units from UB9 to 1 and 
spanning approximately the period from ~480 to 
~420 ka (according to the age model proposed by 
Tourloukis et al., 2018a). The scope of this study 
is to highlight first-order trends of the plant com-
munities within the Megalopolis catchment as well 
as vegetation responses to short-term climatic os-
cillations, with a particular emphasis on the fos-
siliferous and archeological horizon shortly before, 
during the course and after the hominin activity 
within the area. The palynological analysis, in con-
junction with lake level reconstruction and sedi-
mentological interpretations, can shed light on the 
local paleoenvironmental conditions that shaped 
the Megalopolis ecosystem, thus making an im-
portant contribution to the study of the site.
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13.2  STUDY AREA

The sedimentary sequence (MAR-1) is situated in 
the northwest part of the Marathousa coal mine 
(37° 24' 31.6"N, 22° 05' 29.01"E at 350 m a.s.l.; 
Thompson et al., 2018) within the Megalopolis 
Basin, located in central Peloponnese, Southern 
Greece (Fig. 1). The studied profile is 7 m long 
and subdivided into ten lithological units (here-
after UB) (Karkanas et al., 2018). It is bounded 

by two lignite seams (LG), i.e., LGII (UB10) and 
LGIII (UB1), while the rest units from UB9 to 
2 consist of lacustrine and fluviolacustrine clastic 
deposits (silts, sands, clays and lignitic clays) (e.g., 
Bludau et al., 2021; Karkanas et al., 2018). In the 
middle part of the sequence, the unit UB6 appears 
to be eroded laterally in some parts of the site. The 
sedimentological analysis attributes this erosional 
event most possibly to a localized character (Kar-
kanas et al., 2018). 

Figure 1:  Geographical and geological position of the Megalopolis Basin and Marathousa 1 (MAR-1) site [modified from Bludau 
et al. (2021)]. (A) Overview map of Europe and North Atlantic with references sites from the Mediterranean region and North 
Atlantic (Bludau et al., 2021 and references therein). Red dot shows the location of MAR-1. (B) Geographical map of SW Pelo-
ponnese showing the location of the Megalopolis Basin (red square), different coring sites of MAR-1 (red dot, present study) and 
Okuda et al. (2002) (yellow dot) within the basin, and surrounding area. Megalopolis is an intramontane basin surrounded by the 
mountains Lykaion to the west (1421 m a.s.l.), Mainalo (1981 m a.s.l.) to the east and the mountain range of Taygetos to the 
south (2404 m a.s.l.). (C) Geological map of SW Peloponnese. Megalopolis is a half-graben basin NNW-SSE oriented by Pleistocene 
secondary faults. It was formed on a Mesozoic-Palaeogene basement of the central Peloponnese and filled with Pliocene-Pleistoce-
ne fluvial and lacustrine sediments (Karkanas et al., 2018 and references therein). 
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The modern climate of the site is typically Med-
iterranean, characterized by hot and dry summers, 
while winters are wetter and milder. The mean  
annual precipitation rates range between 750–
1000 mm (Okuda et al., 2002). The present-day 
flora of Peloponnese at low and mid altitudes 
(0-1200 m) comprises Mediterranean vegetation 
with Pinus halepensis forming stands near the sea. 
Further inland, the vegetation is characterized by 
maquis ecosystems, which mainly consist of ev-
ergreen shrubs and trees (such as Olea, Ceratonia, 
Juniperus phoenica, Quercus coccifera, Q. ilex, Pinus 
halepensis, Phillyrea latifolia, Pistacia terebinthus, 
P. lentiscus, Calicotome villosa, Myrtus communis, 
etc.) and mixed deciduous forests (e.g., Carpinus 
orientalis, Ostrya carpinifolia, Quercus pubescens, 
Celtis australis, Acer, Sorbus domestica) situated on 
the higher altitudes within this zone. At higher el-
evations (>~ 900 to 1800 m), the dominant Greek 
silver fir (Abies cephalonica) forms montane forests, 
while the lower slopes (~1300-1600 m) are covered 
by dense forests of the Black Pine (Pinus nigra sub-
sp. pallasiana) (Polunin, 1980). 

13.3 MATERIALS AND METHODS

A 7-meter profile was obtained three meters north 
of Area B at the MAR-1 site during the field sea-
sons in 2017 and 2018 (see Karkanas et al., 2018 
for further details). For the scope of the study, 56 
pollen samples were analyzed with a sampling reso-
lution ranging from 5 to 15 cm. For palynological 
analysis, 3 grams of dry sediment mass were pro-
cessed for each sample. The processing was carried 
out using the standard pollen analytical methods 
modified by Fægri and Iversen (1989). The steps 
included adding of two tablets of Lycopodium 
spores (Batch No.1031/20484 spores/tablet) in 
each sample, chemical treatment with cold HCL 
(10%), KOH (10%) and cold HF (40%), acetoly-

sis, and sieving through 250 μm and 10 μm sieves. 
Residues were stored and mounted in glycerin jelly. 

	 Microscopic analysis was performed us-
ing a transmitted-light microscope at x400 mag-
nification. Pollen and spore identifications were 
based on Beug (2004), Reille (1992), Chester and 
Raine (2001), and the Northwest European Pol-
len Flora (Blackmore et al., 2003; Clarke et al., 
1991; Punt et al., 1991; 2009; van Benthem et 
al., 1984), while the identification of non-pollen 
palynomorphs (NPPs) was based on van Geel et 
al. (1981). Concerning the identification of the 
highly local (aquatic) vegetation, Poaceae pollen 
is assembled into two groups according to the 
grains’ size (Beug, 2004; Joly et al., 2007); namely 
the former group, i.e., Wild Grasses encompasses 
all grains having a diameter greater than 37 µm, 
whereas grains smaller than that are assigned into 
the group of Phragmites australis. Typha species (T. 
angustifolia and T. latifolia) and Sparganium were 
identified according to the roundness and diameter 
of pollen grains (Beug, 2004; Finkelstein, 2003).

	 Palynomorphs and NPPs were examined 
in each pollen slide, and a minimum of 500 pol-
len grains were registered per sample. The relative 
abundances of pollen taxa were calculated based 
on the total pollen sum (PS), excluding spores and 
aquatic taxa. The percentages of aquatic pollen 
taxa (see Fig. 2, groups of emergent, submerged, 
and floating-leaved) were calculated on the ba-
sis of the total pollen sum (PS) plus the sum of 
aquatic pollen taxa (AS), (PS+AS). For the pollen 
percentage diagram, data were plotted using the 
TILIA 2.4 software (Grimm, 1992). Pollen assem-
blage zones are supported via stratigraphically con-
strained cluster analysis using the CONISS soft-
ware (Grimm, 1987); the zones are labelled with 
the prefix MARPZ (MARathousa Palynological 
Zone) and numbered from the bottom to the top 
of the sequence. 
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13.4 RESULTS

Pollen preservation in the clastic sequence (main-
ly UB8–UB6) was moderate, with ample grains 
appearing to a higher deterioration degree, albeit 
without inhibiting their identification; the pres-
ervation in organic-rich layers (UB9, UB5–UB1) 
was overall good.

The results of the palynological analysis of 
the MAR-1 pollen record are presented in Figure 
2. Overall, the pollen assemblages document the 
predominance of open vegetation in the catch-
ment area of Megalopolis for most of the studied 
interval, corresponding to MIS 12 (Bludau et al., 
2021; Tourloukis et al., 2018a). More specifical-
ly, pollen abundances show three long-term veg-
etation changes: a) in MARPZ 1 (lower half of 
UB9) arboreal pollen (AP) accounts for over 50% 
of the total terrestrial taxa (mainly represented by 
mesophilous and montane taxa exhibiting mean 
values of ~30% and ~12%, respectively); this 
documents the presence of woodlands in the sur-
roundings of the Megalopolis Basin, next b) in-be-
tween MARPZ 2 and MARPZ 7 (upper half of 
UB9–lower half of UB3) the tree-pollen taxa range 
from 35% to 13%, reflecting the development of 
open vegetation communities; specifically, step-
pic taxa predominate the assemblages in-between 
MARPZ 2–MARPZ 5, reaching a mean of ~40%, 
whereas from MARPZ  6 upwards, they become 
replaced mainly by poaceous taxa (i.e., Wild grass-
es, ~21%), and c) at the uppermost part of the se-
quence, in MARPZ 8 (upper half of UB3–UB1,) 
AP values reach over 40% in total; these tree-pol-
len abundances indicate a moderate expansion of 
open woodlands in the surroundings of the basin. 
The most common tree taxa of MARPZ 8 com-
prise mesophilous taxa (~26% mean); Mediterra-
nean and pioneer taxa slightly increase by 2.5% 
and ~2% on average, respectively, compared to 
the underlying pollen assemblages. Superimposed 
on the long-term vegetation changes, three short-

term positive shifts of tree-pollen taxa are recorded 
throughout the clastic unit, with the first having 
been recorded in MARPZ 2b (upper half of UB9) 
and the other two shifts falling within the archeo-
logical horizon in MARPZ 5 and MARPZ 6, re-
spectively, each representing ~30% (on average) of 
the total terrestrial vegetation (Fig. 2). 

Concerning the local (aquatic) vegetation, the 
highest abundances of aquatic-pollen taxa (i.e., 
emergent, floating-leaved, and submerged) (~70% 
max) are documented at the lowermost part of the 
sequence in MARPZ 1. The most thriving taxon 
in this assemblage constitutes Myriophyllum (i.e., 
submerged taxa; Fig. 2), with its species M. ver-
ticillatum and M. spicatum reaching their highest 
abundances in the entire sequence, while they con-
siderably drop in the overlying lithological units 
(upper half of UB9–UB1). The emergent taxa dom-
inate the aquatic pollen assemblages from MARPZ 
2 to MARPZ 8, with Cyperaceae pollen holding 
its higher abundances in-between MARPZ 2 and 
MARPZ 4 (upper half of UB9–UB6). In contrast, 
Phragmites australis becomes the thriving species 
from MARPZ 6 upwards. The assemblages falling 
within the archeological horizon (i.e., MARPZ 5–
MARPZ 6) are marked by a short-term increase 
in the abundances of floating-leaved taxa, main-
ly of Nymphaea that exhibits ~10% on average, 
followed by a slight increase of Nuphar (Fig. 2). 
The submerged taxa appear also increased, albeit 
reaching lower abundances compared to MARPZ 
1. Regarding emergent taxa, Phragmites australis 
and Cyperaceae comprise the most common taxa 
among them; the abundances of Typha spp. and 
Sparganium show a slight increase. 

13.5 DISCUSSION 

Overall, the long-term vegetation pattern of the 
MAR-1 pollen record reflects an open plant land-
scape dominated by drought-tolerant herb com-
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munities (steppic taxa; Fig. 2), with limited forest 
cover represented by few scattered mesophilous 
trees growing in the surrounding of the Megalop-
olis Basin. This vegetation composition indicates 
dry and cold conditions during the studied in-
terval (MIS 12), particularly between MARPZ 2 
and MARPZ 7 (upper half of UB9–lower half of 
UB3). Previous investigations conducted on the 
fossil record and sediments from MAR-1 confirm 
harsh climatic conditions during the deposition of 
the corresponding lithological units (UB9–UB3) 
of the sequence (e.g., Bludau et al., 2021; Field 
et al., 2018; Karkanas et al., 2018). However, at 
the same time, when open vegetation formations 
(mainly xerophytic grasslands) predominated the 
plant landscape, the vegetation was also influenced 
by short-term positive climate shifts during the 
glacial period of MIS 12 (see §13.4). Moderate en-
hancements of mesophilous tree taxa —with the 
most prominent documented within the archeo-
logical horizon (MARPZ 5, Fig. 2)— evidence 
open deciduous woodlands occurring at low and 
mid-elevations around the basin. These temporal 
changes in tree cover suggest a climate variabili-
ty during the deposition of UB5 and UB4, with a 
shift towards milder (i.e., increased temperatures) 
and wetter (i.e., sufficient moisture availability for 
tree growth) conditions within the basin. In ad-
dition, the replacement of steppe/xerophytic ele-
ments (Artemisia, Amaranthaceae, Caryophylla-
ceae) by wild grasses and other mesic non-woody 
taxa (e.g., Poaceae, Mentha, Filipendula, Lyth-
rum-Type, Fabaceae, Gallium, Plantago lanceolata, 
P. coronopus) in MARPZ 6 (UB4; Fig. 2) confirms 
climate improvement (increasing humidity) at the 
area during that period. This palynological evi-
dence is supported by paleobotanical  and element 
data from the MAR-1 sequence. Specifically, warm 
conditions are inferred by the increased presence of 
phytoliths from Chloridoids grasses —known for 
growing in warm, open grasslands— in the cor-
responding sediments (Field et al., 2018). More-

over, a short-lived increase of Rb/Sr ratios —a 
geochemical proxy which is regarded as a precipi-
tation proxy in MAR-1’s sediments (Bludau et al., 
2021)— recorded in UB5 implies wet conditions, 
and, thus further corroborating our evidence for a 
humid climate at that period. 

	 Shortly before the deposition of the arche-
ological horizon, an abrupt decrease in the abun-
dances of all pollen taxa, spores, and NPPs is doc-
umented towards the top of MARPZ 4 (boundary 
between UB7 and UB6). An exception is the con-
current, sharp increase in the values of disturbed 
ground pollen taxa (Fig. 2). This evidence suggests 
that the dramatic drop of the proxies is rather as-
sociated with the depositional regime of the MAR-
1 sequence (see for further details in §13.2; and 
Karkanas et al., 2018) than climate change. The 
hypothesis for a variable environment during the 
deposition of UB7 and UB6 is also argued by Blu-
dau et al. (2021), who documented a sharp drop in 
the values of all geochemical and biological prox-
ies. 

	 From MARPZ 8 upwards (upper half of 
UB3–UB1), the steady increase of mesophilous 
tree taxa is accompanied by a slight rise of thermo-
philous Mediterranean ones, reflecting the gradual 
development of open mixed deciduous woodlands 
growing at low and mid-altitudes in the Megalop-
olis catchment. This evidence implies climate ame-
lioration with a shift towards warmer conditions. 
Such prevailing climate is also argued by Field et 
al. (2018), who infer warm conditions based on 
phytolith data, specifically the Chloridoids short 
grasses documented in UB2 and the upper lignite 
unit UB1 of the MAR-1 sequence.

Focusing on the strongly local vegetation of 
MAR-1, the so-called azonal vegetation, the wet-
land plants —known as reeds, sedges, and cattails 
(emergent group, Fig. 2)— are constantly pres-
ent throughout the pollen record, indicating the 
presence of marshes along the paleolake shoreline. 
Phragmites australis, the common reed, consti-
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tutes the most prominent element of the marshy 
vegetation, particularly from MARPZ 6 upwards 
(UB4–UB1). Furthermore, an enhanced abun-
dance of floating-leaved and submerged taxa (e.g., 
Nymphaea, Myriophyllum spp.) documented be-
tween MARPZ 5 and MARPZ 6 (archeological 
horizon, UB6–UB4, Fig. 2) shows the existence 
of a stagnant, shallow water environment, with a 
water depth reaching up to 2 meters (Dimopoulos 
et al., 2005) and possibly having been unaffected 
by high-energy flows. In addition to this, relative 
meso- to eutrophic conditions are also implied for 
MAR-1 paleolake owing to the increasing abun-
dance of green algae Spirogyra-Type 315 (van Geel 
et al., 1981) and Botryococcus (e.g., Shumilovskikh 
et al., 2021). Such paleoenvironmental conditions 
agree with previously published studies conducted 
on the MAR-1 sedimentary sequence (Bludau et 
al., 2021; Field et al., 2018), suggesting the pres-
ence of a shallow freshwater lake/pond environ-
ment with low suspended sediment in Marathousa 
1 at that time.

	 Towards the boundary between MARPZ 
7 and MARPZ 8 (upper half of UB3), a prominent 
increase of riparian trees, mainly of willows (Sa-
lix), points to wetter conditions at the site, given 
that moist soils are a prerequisite for their growth. 
Damp ground is also implied by the synchronous 
rise of alders (Alnus). Wetter conditions are  further 
supported by increased Rb/Sr ratios recorded in 
the corresponding sediments (Bludau et al., 2021). 
In contrast, a shift in the floristic composition of 
MAR-1’s azonal vegetation is documented in the 
uppermost palynological assemblage (MARPZ 8/
upper half of UB3–UB1). More specifically, the 
previous alluvial woodland has turned into an open 
area where sparse patches of riparian trees grow ad-
jacent to the reed marsh in the littoral zone of the 
paleolake. This vegetation change was influenced 
to a certain extent by dry conditions (decreased 
Rb/Sr ratios, Bludau et al., 2021). Furthermore, 
the floating-leaved and submerged vegetation ap-

pears to have decreased from MARPZ 7 upwards 
(UB3–UB1). Nonetheless, in this case, this de-
crease was likely affected by the lake-water environ-
ment. Indeed, increasing abundances of freshwater 
indicators (i.e., Spirogyra-Type 315; Fig. 2) have 
been recorded since MARPZ 6 (UB4), reflecting 
the growth of algal blooms in MAR-1 paleolake. 
This evidence implies eutrophic conditions in the 
water, which are known for negatively affecting the 
vegetation growing inside the water (e.g., Dong 
et al., 2014). The hypothesis of eutrophication 
in the lake-water environment is strengthened by 
geochemical and biological data from the MAR-1 
sequence. Specifically, anoxic conditions deduced 
by decreased Mn/Fe ratios (a proxy of oxygena-
tion in MAR-1’s sediments) as well as the absence 
of aquatic microfossils in the respecting deposits 
(Bludau et al., 2021) corroborate the notion of eu-
trophic waters at that time.

13.6 CONCLUSIONS

This study presents the first palynological record of 
the Lower Palaeolithic Marathousa 1 site, spanning 
the glacial period of MIS 12. It provides a concise 
overview of the vegetation development and the 
climatically forced population changes within the 
basin during one of the most intense glaciations of 
the Quaternary. Overall, our pollen dataset shows 
an open plant landscape in the surroundings of the 
Megalopolis Basin dominated by herbaceous veg-
etation. Woodlands dramatically decrease already 
from the lowermost part of the sequence (bound-
ary MARPZ 1–MARPZ 2/UB9) and become re-
placed by xerophytic grasslands predominating the 
landscape until MARPZ 5 (middle part of MAR-
1 sequence; UB5–UB6), indicating cold and dry 
conditions at that period. Short-term positive 
shifts of tree populations are also recorded with-
in the same sedimentary deposits (i.e., upper half 
of UB9–UB4; MARPZ 2–MARPZ 6), implying 
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temporarily milder and wetter conditions. Towards 
the uppermost part of the record (MARPZ 8), the 
slow but steady redevelopment of open woodlands 
in the surroundings of the basin was possibly fa-
vored by a climatic amelioration, mainly warmer 
conditions.

During the time of the deposition of the fos-
siliferous and archeological layers (i.e., UB5–UB4/
MARPZ 5–MARPZ 6), the pollen assemblages in-
dicate favorable environmental and climate condi-
tions supporting the survival of diverse ecosystems 
during MIS 12. Notably, three main vegetation 
formations are documented in these deposits. Ini-
tially, rich marshy vegetation was locally developed 
on the periphery of the paleolake, and swampy 
vegetation alongside small streams near the lake. 
Xeric (MARPZ 5) to mesic (MARPZ 6) grasslands 
represent the second vegetation formation, and the 
third one consists of open mixed deciduous wood-
lands, which temporarily occurred at the low and 
mid altitudes of the Megalopolis  Basin. This flo-
ristic composition —encompassing various ecosys-
tems within the archaeological horizon (i.e., aquat-
ic, semi-aquatic and terrestrial) (Fig. 2)— would 
have provided a variety of food sources for living 
organisms. In addition, the mosaic distribution of 
the vegetation could have furnished suitable habi-
tats for the survival of diverse wildlife species and 
hominins, thus rendering MAR-1 an attractive 
location for organisms to survive during a period 
that was marked by one of the most extensive gla-
cial phases of the Pleistocene recorded in Southern 
Greece (Pope et al., 2017).
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