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The southern European Donana wetlands host a highly biodiverse landscape mosaic of complex transitional
ecosystems. It is one of the largest protected natural sites in Europe, nowadays endangered by intensive agri-
cultural practices, and more recently tourism and human-induced fires. Its present-day spatial heterogeneity has
been deeply investigated for the last three decades. However, a long-term perspective has not been applied
systematically to this unique landscape. In this new study, a palaeoecological approach was selected in order to
unravel patterns of landscape dynamism comparing dry upland and aquatic ecosystems. A 709 cm-long sediment
core was retrieved and a multi-proxy approach applied (palynological, microcharcoal, grain size, magnetic
susceptibility, loss-on-ignition and multivariate statistical analyses). Pollen signatures show how sensitive
aquatic wetland vegetation was to environmental changes while terrestrial vegetation was stable at millennial
scale. The impact of several high energy events punctuates the Early and Middle Holocene sequence, two of
which relate to the local tsunami record (~ 6.6 and ~9.1 cal. kyr BP). Contrasting impacts of these two events in
the aquatic and upland ecosystems show the importance of landscape configuration and the contingent history as

key elements for coastal protection.

1. Introduction

Transitional systems such as coastal wetlands are amongst the
Earth's most diverse and productive ecosystems (Newton et al., 2012,
2014). They play a significant role in carbon sequestration (Barbier
etal., 2011), and provide numerous ecosystem services to humans, such
as provisioning (e.g. raw material supply), regulation (e.g. biogeo-
chemical cycling, water purification) and coastal protection services.
Furthermore, coastal wetlands also attenuate erosion and the impact of
waves and extreme climatic hazards on the coastline (Barbier et al.,
2011). However, coastal areas are amongst the world's most populated
areas and they concentrate increasing human pressures, threatening
their diverse and unique ecosystems (Newton et al., 2012). In addition,
understanding the role of transitional systems as buffers of extreme
wave events (storms and tsunamis) is of interest for the inhabitants of
coastal areas. Deep knowledge of coastal wetlands is thus, of hallmark
importance. Certainly, the management of coastal wetlands can only be
effective considering the interactions between the physical
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environment and the biological communities.

A paradigmatic case of transitional system in the westernmost part
of Europe is Donana, located in the mouth of the Guadalquivir
(Southwestern Spain). This region, exhibiting a variable geomor-
phology (Rodriguez Ramirez, 1997), and large floristic (Garcia Murillo
et al., 2014; Lopez Albacete, 2009; Rivas Martinez et al., 1980) and
faunal (Diaz-Paniagua et al., 2015) richness, is protected under the
Donana National Park (DNP) ever since 1969. It is also an UNESCO
biosphere reserve, an UNESCO World Heritage, and a Ramsar Wetland
Site (Sousa et al., 2009). Hallmark in the DNP are the Guadalquivir
River marshlands, amongst the biggest and most significant European
wetlands, due to their seasonal character, high plant diversity, and their
role as route for Palaearctic avian migrations (Marti and del Moral,
2002; Rendén et al., 2008).

Despite the ecological importance of the DNP, its long-term en-
vironmental history is poorly known. The great extension, complexity
and heterogeneity of the Guadalquivir's marshlands, the secular history
of human intervention, and the difficulty of recovering and
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