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Abstract

To obtain insight into character and potential forcing of short-term climatic and oceanographic variability in the
southern Italian region during the “Roman Classical Period” (60 BC-AD 200), climatic and environmental
reconstructions based on a dinoflagelate cyst record from a well dated site in the Gulf of Taranto located at the distal
end of the Po-river discharge plume have been established with high temporal resolution. Short-term fluctuations in
accumulation rates of the Adriatic Surface Water species Lingulodinium machaerophorum, the freshwater algae
Concentricystes and species resistant to aerobic degradation indicate that fluctuations in the trophic state of the upper
waters are related to river discharge of northern and eastern Italian rivers which in turn are strongly related to
precipitation in Italy.

The dinoflagellate cyst association indicates that local sea surface temperatures which in this region are strongly linked
to local air temperatures were slightly higher than today. We reconstruct that sea surface temperatures have been
relatively high and stable between 60 BC-AD 90 and show a decreasing trend after AD 90. Fluctuations in temperature
and river discharge rates have a strong cyclic character with main cyclicities of 7-8 and 11 years. We argue that these
cycles are related to variations of the North Atlantic Oscillation climate mode. A strong correlation is observed with

global variation in A™C anomalies suggesting that solar variability might be one of the major forcings of the regional
climate. Apart from cyclic climate variability we observed a good correlation between non-cyclic temperature drops
and global volcanic activity indicating that the latter forms an additional major forcing factor of the southern Italian
climate during the Roman Classical Period.

Highlights

» High resolution marine sediments covering “Roman Classical Period”. » Dinoflagelate cysts records reveal climatic
perturbations. » Sea surface temperatures are higher than today. » Nutrients are mainly from river discharge. »
Cyclic climate changes are linked to North Atlantic Oscillation and solar forcing.

Introduction

The current abrupt rise in global temperature within the last century has resulted in major concern about future
climate change (IPCC, 2007). Although it is obvious that anthropogenic activities influence climate, natural processes
steer climate as well (Stott etal., 2000, Carslaw etal., 2002). This has resulted in intensive discussions in the academic
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community and general society alike about to what extent these natural processes might be responsible for the present
change of climate. Unfortunately, to date, the character and influence of the natural forcing mechanisms are far from
clear.

One of the most intriguing questions within the climate debate is if the present temperature rise is unique in the late
Holocene or if there have been pre-industrial time intervals where comparable climatic perturbations occurred. One of
these time intervals where historical records suggest that climate conditions might have been similar to today is the so
called “Roman Warm Period” (=BC 200-AD 400) (Lamb, 1977). This period also referred to as the“Roman classical
period” is known for the expansion of the Roman culture all around the Mediterranean region and throughout a large
part of Europe. However, to date it is not clear if this period was warmer, comparable or cooler than today (Bianchi and
McCave, 1999, deMenocal etal., 2000, Frisia etal., 2005, Giraudi, 2009, Taricco etal., 2009). Furthermore, it is not clear
which forcing mechanisms steered the short-term climate fluctuationsthat are known for this time interval. Here we
aim to obtain more insight into this by reconstructing past marine environment and climate variability in one of the
central regions of the Roman occupation - southeastern Italy. For this we establish detailed reconstructions of past
changes in climate and marine environment based on fossil sedimentary dinoflagellate cyst associations.

Dinoflagellates are primarily unicellular organisms with twodistinctive flagella and a characteristic nucleus (Fensome
etal., 1993). Together with diatoms and coccolithophorids, dinoflagellates constitute the majority of the marine
eukaryotic phytoplankton. As part of their life cycle, many dinoflagellate species can produce cysts of which the walls
have a high preservation potential. Organic walled dinoflagellate cysts (dinocysts) have been shown to be a suitable
proxy for establishing environmental and climatic reconstructions as the cyst associations reflect even small changes in
upper water conditions such as sea surface temperature (SST), salinity (SSS) and nutrient availability (De Vernal etal.,
1997, Marret etal., 2001, Dale etal., 2002, Sangiorgi etal., 2002, Pospelova etal., 2006).

Here we present reconstructions that base on well dated marine sediments from the southeastern Gulf of Taranto
which are characterized by high sedimentation rates and low bioturbation, the linear interpolation of the radiocarbon
dates allows an approximately 4 year resolution detection of paleoenvironmental change. We show that changes in
dinoflagellate associations reflect changes in past river discharge, upper water nutrient availability and SST. To obtain
insight into the cause and origin of the variability of these signals, we compare our records with temperature and
precipitation reconstructions from other lower resolution studies in the region based on e.g. pollen and speleothems.
Furthermore, we compare them with climate forcing factors such as solar activity, volcanism and African dust input. By
comparing our results with historical records we are able to speculate about the potential relationship between climate
and cultural developments.

Section snippets

Ocean circulation

The ocean circulation of Gulf of Taranto is strongly related to that of the Adriatic Sea. Surface waters in the
southeastern part form the distal part “river-discharge” waters that can be traced along the whole eastern Italian coast.
The main source of these waters is from the Po river (Fig.1). The Po-river is the largest Italian river with a length of
about 673km that drains the southern part of the Alps and the northern part of Italy. It supplies high amounts of
freshwater, nutrients and...

Material and sample preparation

Samples have been analyzed from the section 8 (722-910cm) of the piston core DP30PC which was retrieved during
the RV Pelagia, DOPPIO cruise, 2008 (39° 50.07’ N, 17°48.05’ E, water depth 270m). The core is located at the margin of
the ocean where increased salinity in the water column can be observed along onshore-offshore transect (Fig.1, Fig.3).
The studied section of the piston core is composed of homogeneous olive-gray silt (Fig.4). Sediments were subsampled
at every 2.5mm. After...
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Results

The degradation index (kt) varies from 1.4 to 4.3 in the studied interval. It shows relatively low values between and BC
60 and 60 AD (Fig.5), and stays relatively stable throughout the whole sequence.

Accumulation rates of the dinoflagellate cyst Lingulodinium machaerophorum and freshwater alga Concentricystes show
no increasing or decreasing trend through the studied interval but fluctuate around the mean of 8.6 cyst/cm?/y and 0.8
cyst/cm?/y respectively. Their accumulation rates fluctuate...

Preservation and relocation

During the last decade it has became clear that post-depositional aerobic organic matter (OM) degradation can
severely alter the dinoflagellate cyst signal (Versteegh and Zonneveld, 2002, Zonneveld etal., 2010b). The reconstructed
degradation index (kt) shows an average value of 3.3 indicating that the environmental signal from heterotrophic
dinoflagellate cysts have been altered due to degradation. This implies that only the accumulation rates of cyst species
that are resistant to aerobic...

Conclusion

To obtain insight into character and potential forcing of short-term climatic and oceanographic variability in the
southern Italian region during the “Roman Classical Period” (60 BC-200 AD), detailed high temporal resolution climatic
and environmental reconstructions based on a dinoflagelate cyst record from a well dated site in the Gulf of Taranto
located at the distal end of the Po-river discharge plume have been established.

Changes in cyst accumulation rates are shown to reflect short-term...
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