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– Already exposed to natural (latitudinal and climatic)
factors, the fragile Mediterranean ecosystems has been
affected by an early and strong human impact. In fact,
the Mediterranean may be considered one of the cradles of mankind with an early expansion of Neolithic
agricultural societies which included the Iberian peninsula as early as 7500–7000 cal BP (Pérez-Obiol et al.,
2011); this early expansion was followed by the development of brilliant civilisations before Christian era in
the Near East (Mesopotomia), in Egypt, Crete, Greece
and Italy. At present, the Mediterranean area is undergoing strong human pressure due to a general population growth greatly influenced in the warm season by
the tourism.

In this general context, several of special journal isEarth System
sues have been dedicated to the environmental and climatic
changes in the Mediterranean during
the Holocene, dealing
Sciences
with the whole Mediterranean (e.g. Zolitschka et al., 2000;
Roberts et al., 2001, 2011; Pinardi and Masetti, 2000), or
only a part of the Mediterranean basin (e.g. Catto, 2005;
Oldfield, 1996; Roberts et al., 1999), referring to multiOcean Science
proxy/terrestrial-marine approaches (e.g. Oldfield, 1996) or
to specific proxies and/or archives (e.g. pollen data: Sadori et
al., 2007; lake records: Zolitschka et al., 2000), considering
the entire Holocene or only a part of it (e.g. the mid-Holocene
transition: Roberts et al., 2011; or the last two centuries: Diaz
and Nanni, 2006).
Solid Earth
This special issue of Climate of the Past brings together studies developed within the LAMA project. The
LAMA (“Holocene changes in environment and climate,
and histories of human societies in Central Mediterranean
as reflected by Lakes and Marines records”) project was
funded for three years
fromCryosphere
2008 to 2011 by the French
The
ANR. It was hosted by the Maison des Sciences de
l’Homme et de l’Environnement Ledoux (CNRS-USR3124,
Besançon, France). Inspired by the pionier PALICLAS
project (Oldfield, 1996), the LAMA project was based on
a multi-proxy, multi-archive approach to reconstruct environmental and climatic changes during the Holocene in the
Central Mediterranean. The geographical morphology of the
Italian peninsula actually offers an exceptional opportunity
to choose study sites along a north–south transect from the
southern Alps in northern Italy to Sicily, and to couple lacustrine and marine archives (Fig. 1). The main original objectives and expected achievements of LAMA were to
Open Access

– At the interface between the European temperate and
the African tropical zones, the Mediterranean appears
to be very sensitive to changes in the hydrological cycle and water resources. Its pronounced precipitation
seasonality represents the main climate constraint for
the Mediterreanean ecosystems and societies. In the
perspective of ongoing global change (Solomon et al.,
2007), there is an urgent need for a better understanding of climatic change and its associated environmental
variations around the Mediterranean basin.

Hydrology and

Open Access

Presently considered one of the hot-spots of world biodiversity, the Mediterranean region will probably be largely
impacted by the ongoing climate change and thus is of
major interest for palaeoenvironmental and palaeoclimatic
research.
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Fig. 1. Geographical location of the study sites corresponding to
the contributions included in this special issue. Blue circles and red
squares correspond to lake and marine records established within
the LAMA project.
Figure 1

– provide high-resolution records to capture not only millennial trends but also centennial-scale events and possible abrupt changes;
– establish robust chronological controls for all the
records (using both radiocarbon dates and tephra layers)
to favour inter-regional correlations;
– develop an integrated multi-proxy approach using both
biotic and abiotic indicators, to make the comparison
between proxy data easier and to reconstruct seasonality, with a special focus on palaeohydrological changes
which are a key factor for Mediterranean ecosystems
and societies; and
– produce quantitative estimates of temperature and precipitation to give evidence of a possible latitudinal gradient in the Central Mediterranean during the Holocene.
The location of the study sites and the chronological
spanning of the contributions gathered in this special issue are presented in Figs. 1 and 2. In addition to twelve
studies directly supported by the LAMA project, this volume hosts two studies from sites belonging to or close to
the Central Mediterranean, i.e. Lake Origlio in the northern
Italy (Samartin et al., 2012) and Lake Dojran in Macedonia
(Francke et al., 2013).
The first two papers focus on the Late Glacial–Holocene
transition, i.e. the deglaciation period and point out a possible earlyness of climatic warming in southern Europe
after the Last Glacial Maximum. Sea surface temperature records have been established by Sicre et al. (2013)
Clim. Past, 9, 1447–1454, 2013
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cores MD90-917 and MD04-2797
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Fig. 2. Time windows documented by the fourteen contributions in
this special issue.

from marine cores MD90-917 in the South Adriatic Sea
(SAS) and MD04-2797 in the Siculo–Tunisian strait using
alkenone palaeothermometry and planktonic foraminifera assemblages. The general picture which emerges from these
two marine records is that of a general warming trend from
ca. 17 ka to the early Holocene, even if interrupted by cold
events synchronous with the H1 event and the Greenland
Stadial 1. It is worth noting that the chronological position
and the magnitude of the reconstructed warming varies depending on the proxy used for the reconstruction and possible seasonal effects as discussed by Sicre et al. (2013). This
first paper fully supports the results presented in the second
contribution by Samartin et al. (2012). Using chironomidinferred July temperature estimates from Lake Origlio in
northern Italy, Samartin et al. (2012) give evidence of a rather
abrupt warming as early as 16 500–16 000 cal BP consistent
with an early reforestation in northern Italy (Ravazzi et al.,
2012), as well as with sea-surface temperature records from
the Tyrrhenian Sea (Cacho et al., 2001), speleothem records
from Israel and northern Turkey (Bar-Matthews et al., 1999;
Fleitmann et al., 2009).
Focussing on Holocene marine archives, the records established by Siani et al. (2013) and Combourieu Nebout et
al. (2013) using abiotic and biotic indicators from marine
www.clim-past.net/9/1447/2013/
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core MD90-917 shed light on the Holocene millennial- and
centennial-scale climate variability in South Adriatic Sea.
Results reveal two contrasting palaeohydrological periods
with a marked lowering of the salinity during the middle
part of the Holocene (including the deposition of Sapropel 1), followed by a period of increasing salinity and dryness. Superimposed on these millennial trends, short-term
centennial-scale events punctuated the entire Holocene with
major events around 8.2 ka (interruption of the Sapropel 1 deposition) and ca. 7 ka. These short-term hydrological changes
may be related to more intensive runoff of the Po River (particularly around 7 ka) and/or Apennine rivers (particularly
during the second half of the Holocene) as well supported
by clay data. Taken together, the results obtained from core
MD90-917 are fully consistent with the general picture of
the Holocene in the Mediterranean Basin and they give new
insights about land–sea correlations. Thus, centennial-scale
events marked by changes in the hydrology and/or in the vegetation cover suggest strong similarities and/or correlations
not only with short-terms events recognised in the Central
Mediterranean (Magny et al., 2013) but also, in particular
through the influence of the Po River into the Adriatic Sea,
with those identified at more northern latitudes in northern
Italy and in the Alps.
In the Siculo–Tunisian Strait, the combination of mineralogical, grain-size, geochemical (Bout-Roumazeilles et
al., 2013) and pollen (Desprat et al., 2013) data from core
MD04-2797 allows to outline (1) a regional picture of the
Holocene in the southernmost part of the Central Mediterranean, as well as (2) large-scale changes in atmospheric
and marine circulations. The Bölling–Alleröd conditions are
characterised by a dominance of the eolian part in the terrigenous supplies, with a major Saharan contribution, while the
Younger Dryas correspond to proximal dust inputs highlighting intense regional eolian erosion and strong wind activity.
The onset of the Holocene coincided with a major change in
clay mineralogy and cristallinity which suggest a southward
migration of dust provenance toward the Sahelian belt, as a
result of a progressive development of the regional vegetation
cover. During the interval 8600–5500 cal BP, the sedimentological indicators reveal an enhanced riverine contribution
reflecting an influence of the Nile River during Sapropel 1.
Such a propagation of Nile River inputs until the Siculo–
Tunisian Strait through intermediate water masses offers an
additional illustration of enhanced precipitation in the northeast Africa (Revel et al., 2010) during the Sapropel 1 deposition. In contrast, the late Holocene shows a resuming of eolian dust with contribution from northern Sahel or southern
Morocco, and drier climate conditions consistent with a decrease in the regional vegetation cover (Desprat et al., 2013).
The pollen study of core MD04-2797 by Desprat
et al. (2013) fully supports the results obtained by
Bout-Roumazeilles et al. (2013) from sedimentological
markers. The domination of semi-desert plants mark arid
conditions not only during the Bölling–Alleröd interstadial
www.clim-past.net/9/1447/2013/
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and the Greenland Stadial 1, but also during the early part of
the Holocene until ca 10 100 cal BP, despite increasing temperature at that time. The interval 10 100–6600 cal BP benefited from wetter conditions while increasing dryness from
6600 cal BP onwards favoured Mediterranean plants. This
general pattern of vegetation history is in agreement with
lake-level data from south-central Mediterranean (Magny et
al., 2011, 2013). Desprat et al. (2013) suggest that increasing moisture during S1 as reflected by changes in vegetation
cover probably resulted from the increased melting of the
Laurentide ice sheet between 10 and 6.8 ka in conjunction
with weak winter insolation to control the strength and position of the North Atlantic storm track. Superimposed on millennial trends, centennial-scale events marked by drier conditions (decline of tree pollen) appears to be in phase (1) with
short-term climate reversals due to the deglaciation in the
North Atlantic area, and (2) with cooling events observed in
mid-European latitudes (Magny, 2013; Magny et al., 2013).
Regarding the lacustrine archives, the next three contributions deal with sedimentological and palynological data
collected in Lake Ledro in Trentino, northern Italy. Using
sediment markers, the contribution by Vannière et al. (2013)
presents of flood frequency record established from deep
cores in the Lake Ledro basin. It spans the last 10 ka. While
the early and mid-Holocene periods show relatively low
flood frequency, the late Holocene from ca. 4500 cal BP onwards is characterised by increasing flood frequency, in full
agreement with the sediment sequence of neighbouring Lake
Iseo which shows a strong increase in the sedimentation rate
around 4500 cal BP (Lauterbach et al., 2012) and the beginning of the Neoglacial in the Central Mediterranean as
supported by various palaeoclimatic records (Magny et al.,
2009a; Zanchetta et al., 2012). The role of the climate as the
main forcing factor in flood activity is supported by correlations with lake-level fluctuations along the Holocene: lakelevel rises coincided with increasing flood activity. Orbital
changes and variations in solar activity appear to have been
the main forcing factors of flood activity at Ledro, but since
the Bronze age, increasing anthropogenic activities may partially explain the increasing amplitude of floods.
Combining sediment studies on deep cores from Lake
Ledro and on soil and river-bed samples, Simonneau et
al. (2013) establish a picture of the Lake Ledro catchment
area in relation to changes in climate conditions and land
use. During the early Holocene, the progressive afforestation led to a stabilization of the soils only interrupted by the
8.2 ka event responsible for a strong soil erosion. The midHolocene corresponds to both a low soil erosion in the catchment area and a higher algal production in the lake basin.
During the late Holocene, after ca. 4500 cal BP, wetter climate conditions and human activities drastically increase soil
erosion rates. This study highlights how changes in land use
combined with climate variations may have substantial impact on the soil erosion and the pedogenesis in sensitive highelevated areas.
Clim. Past, 9, 1447–1454, 2013
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The contribution by Joannin et al. (2013) presents a welldated high-resolution record for the early to mid-Holocene at
Ledro, i.e. before the development of a strong human impact
from ca. 4100 cal BP onwards (Bronze age lake dwellings on
the lake shores; Magny et al., 2009a). Comparison of pollen
data from Lake Ledro with pollen records from northern Italy
(to the north of the Po Valley) suggest that, during the Late
Glacial–early Holocene transition, the start of the continuous representation of the fir (Abies) and the development
of larch (Larix) follow an altitudinal gradient, with an increasing time-lag in response to higher elevation. Changes in
pollen assemblages give evidence of centennial-scale cold reversals around 11 000, 10 200, 9300 and 8200 cal BP in possible relation with deglacial events in the North Atlantic area.
The 8.2 ka event favoured the extension of the fir while the
beech (Fagus) shows a bi-phased expansion around 7500–
6000 and 5300–4000 cal BP probably in response to orbital
forcing rather than to human influence.
To more southerly latitudes, the papers by Joannin et
al. (2012) and Sadori et al. (2013) establish two new pollen
records from terrestrial sites in the south-central Mediterranean. Lake Trifoglietti in Calabria, southern Italy, provides
a well-dated high-resolution pollen record, which reveals
only poor imprints of human impact probably due to the relatively high elevation of the site, i.e. 1048 m a.s.l. (Joannin
et al., 2012). In the early part of the Holocene, i.e. until
ca. 11 000 cal BP, pollen data suggest that the site was above
the timberline. In contrast to sites from the Northern Apennines (e.g. Lowe and Watson, 1993; Watson, 1996), a comparison with other sites from the south-central Mediterranean
gives evidence of an increasing time lag towards the south for
the afforestation due to persistent dry conditions during the
early part of Holocene. This is consistent with regional lakelevel data (Magny et al., 2011). A ratio between hygrophilous
and terrestrial taxa gives evidence of a maximum of humidity between 9400 and ca. 6200 cal BP (i.e. broadly during
the Sapropel 1 deposition). In addition, in agreement with
the contributions of Desprat et al. (2013) and Combourieu
Nebout et al. (2013), changes in pollen assemblages point
to centennial-scale dry events in response to cooling events
recognised in the North Atlantic area and/or in the Central
Mediterranean.
Recent investigations at Lake Pergusa offered the opportunity to establish a new pollen record spanning the last seven
millennia in central Sicily with a particularly high resolution
for the last 3000 yr. Quantitative estimates of climatic parameters inferred from pollen data using MAT and WA-PLS
display a trend towards lower precipitation and higher temperature throughout the last three millennia, interrupted by
centennial-scale events with cooler and wetter climatic conditions, more particularly around 2600–2000 cal BP and during the Little Ice Age. As discussed by Magny et al. (2013),
this suggests fluctuations of the latitudinal limit between the
two Holocene palaeohydrological sectors distinguished in
the Central Mediterranean. Finally, the pollen data obtained
Clim. Past, 9, 1447–1454, 2013

at Pergusa which (1) show a strong imprint of human activities and (2) appear to be consistent with palaeoclimatic data
from the literature, point out a possible synergy between human activities and climate in shaping the Sicilian landscape.
Close to the Central Mediterranean, in the Balkan region, a
7 m long core from Lake Dojran at the border between Macedonia and Greece provided an interesting record of environmental and climatic change over the last 12 500 yr. Regarding the Holocene, a combination of various sedimentological
markers and a robust age model led Francke et al. (2013) to
infer that more humid conditions and probable higher lakelevel conditions coincided with the formation of Sapropel 1,
with increased runoff in the catchment area. This phase was
interrupted by a return to drier and cooler conditions (lakelevel lowering) during the 8.2 ka event. Overall, the period
between 7900 and 4300 cal BP is characterised by relatively
stable conditions, however, somewhat dryer conditions and
a slightly reduced lake level were reconstructed for the period after 6000 cal BP. Intensive human induced erosion developed in the catchment since 2800 cal BP. These results
suggest that, despite a relatively northern latitudinal location (around 41◦ N), Lake Djoran may have been included in
the southern palaeohydrological sector in the Mediterranean,
with an apparent contrast to lake-level data obtained from littoral cores at Lake Maliq (ca. 40◦ N) in Albania (Magny et
al., 2009b). As an alternative interpretation, given the proximity between the two lakes (less than 100 km) and taking
into account that the lake-level interpretation of Lake Dojran
has been inferred from sedimentological markers in a deep
core, this apparent opposition between records may reflect
differences in the methods of reconstruction and/or the seasonality as pointed out by Magny et al. (2012b).
The last two papers of this special issue endeavour to
establish palaeoclimatic syntheses for the Holocene in the
Central Mediterranean. Lake-level records from the Italian
peninsula and Sicily have suggested a north–south climatic
partition during the Holocene in the Central Mediterranean
with respect to the precipitation seasonality (Magny et al.,
2012b). Peyron et al. (2013) test this working-hypothesis
on the basis of pollen-inferred quantitative estimates and a
multi-method approach. They confirm the pattern of contrasting mid-Holocene summer precipitation regimes, with minima (maxima) of summer precipitation and lake levels to the
north (south) of ca. 40◦ N. Summer temperature show a similar partition for the mid-Holocene in the Central Mediterranean, with warmer (cooler) conditions to the north (south).
A comparison with results obtained from marine cores in
the Aegean Sea suggest that, during the Holocene, similar
climatic trends and north–south gradients as those reconstructed in the Central Mediterranean may have characterised
the eastern Mediterranean.
Finally, the paper by Magny et al. (2013) focuses
on Holocene palaeohydrological changes in the Central Mediterranean, using mainly lake-level, charcoal and
pollen data collected within the LAMA project. It points
www.clim-past.net/9/1447/2013/
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to north–south contrasts which operated during the entire Holocene at both millennial- and centennial-scales.
In agreement with the fourth ambiguity addressed by
Tzedakis (2007), results reveal that, in addition to the influence of the Nile discharge reinforced by the African
monsoon, the deposition of Sapropel 1 has been favoured
by an increase (1) in winter precipitation in the northern Mediterranean borderlands, and (2) in winter and summer precipitation in the southern Mediterranean. Moreover, this contribution tries to replace the palaeohydrological changes reconstructed in the Central Mediterranean into
a large-scale context. Comparisons with other palaeohydrological/palaeoclimatic records from North Africa to Scandinavia suggest that palaeohydrological changes in the Central Mediterranean developed in response to a combination
of orbital, ice-sheet and solar forcing factors. They also point
to possible key influences of (1) the Latitudinal Temperature
Gradient (Davis and Brewer, 2009) to explain the varying position of the ITCZ and westerlies, and (2) changes in patterns
of general atmospheric circulation (such as NAO-type circulation, EAWR, North Sea-Caspian) to explain contrasting
palaeohydrological patterns around the Mediterranean Basin
and in Europe.
Considered as a whole, the contributions gathered in this
special issue invite to formulate various remarks relative to
further investigations in the perspective of a better understanding of Holocene environmental and climatic changes in
the Mediterranean area as follows.
– The improvement of the time control appears to be the
first prerequisite to develop fruitful cross-correlations
between records at regional and inter-regional scales.
As discussed in many previous studies, this question of
the time control is a crucial point to, for instance, test the
possibility of (1) forcing factors operating at centennial
to decadal scales, (2) atmospheric circulation patterns
(such as NAO, EAWR, or North Sea–Caspian) which
imply comparisons between records from distant areas,
or (3) interactions between past trajectories of ecosystems and societies.
– As a complement of a robust and precise time control,
there is a need of high-resolution palaeoenvironmental/palaeoclimatic records to capture short-term events
and abrupt changes, and to give evidence of possible
nonlinear responses (tipping points) of the ecosystems
and climate mechanisms to progressive changes in (natural and/or anthropogenic) forcing factors.
– There is a growing evidence that the reconstruction
of the seasonality (temperature, precipitation) is a key
point not only for a better understanding of the trajectories of Mediterranean ecosystems and societies, but
also for the identification of the climatic forcing factors/mechanisms behind the reconstructed palaeoenvironmental changes. This is more particularly true for the
www.clim-past.net/9/1447/2013/
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Mediterranean area characterised by a strong opposition
between summer and winter seasons, with specific climate mechanisms depending on the season considered.
In addition, the reconstruction of the seasonality may
help to solve apparent contradictions between palaeoclimatic records depending on the proxy used for the reconstruction (Sarikaya et al., 2008; Magny et al., 2012b,
2013; Milner et al., 2012; Sicre et al., 2013).
– As a consequence of the previous point, further investigations should systematically privilege integrated
multi-proxy approaches to facilitate comparisons between data and their possible interpretations in terms of
seasonality (Sicre et al., 2013). In addition, integrated
multi-proxy approaches are of interest to reconstruct
the different components (abiotic and biotic) of ecosystems as illustrated by the contributions relative to Lakes
Dojran and Ledro (Francke et al., 2013; Joannin et al.,
2013; Simonneau et al., 2013; Vannière et al., 2013) or
to marine cores MD90-917 (Siani et al., 2013; Combourieu Nebout et al., 2013) and MD04-2797 (Desprat
et al., 2013).
– Another key point is the development of quantitative palaeoclimatic records using various independent
methods for the reconstruction (e.g. Samartin et al.,
2012; Peyron et al., 2013). This approach allows to
give evidence of possible biases due to methodological limits and/or to environmental/biological conditions
(e.g. Sicre et al., 2013).
– Model/data comparisons should be developed and improved to help solving ambiguities or apparent contradictions around the identification of climatic changes at
a regional scale as well as the reconstruction of past atmospheric general circulation patterns. Thus, in order
to explain an increased winter precipitation during the
10 000–7000 cal BP interval in the Mediterranean area,
Desprat et al. (2013) pointed to a possible southern location of the mid-latitudes jet, strengthening the Mediterranean cyclogenesis, in agreement with model simulations in response to a weaker boreal winter insolation
(Brayshaw et al., 2011) and to a rapid LIS melting associated with a suppression of the deep convection in the
Labrador Sea and a cooling the eastern North Atlantic
(Carlson et al., 2008). In contrast, in agreement with
other models simulations (Lézine et al., 2011), Magny
et al. (2013) suggest that the mid-Holocene interval of
maximum humidity in the Mediterranean corresponded
to a positive NAO-like circulation pattern: as a result
from a weaker Latitudinal Temperature Gradient (Davis
and Brewer, 2009), the westerlies could have reached
more northerly latitudes bringing milder and wetter climatic conditions to northern Europe.
– There is a need of large-scale projects based on a careful selection of study sites in relation with well-defined
Clim. Past, 9, 1447–1454, 2013

1452

M. Magny and N. Combourieu Nebout: Preface “Holocene changes in environment in the Mediterranean”
objectives, for instance to test the possible impact of
climatic mechanisms or types of atmospheric circulation such as NAO (e.g. Lamy et al., 2006; Magny et
al., 2013), and climate gradients and/or forcing factors using sites along north–south/west–east transects.
As far as possible, these large-scale projects should
develop homogeneous methods to facilitate comparisons between records and reinforce the robustness of
interpretations.

– Future investigations also should favour projects that
integrate studies of marine and terrestrial (lacustrine)
cores to develop land–sea correlations in the perspective of more global reconstructions of past environmental and climatic changes in the Mediterranean area.
Such consortiums should encourage partnerships between marine and continental communities of scientists.
– A last but crucial point in the reconstruction of
Holocene environmental changes in the circumMediterranean area is the development of data relative to the history of societies for a better understanding of their past interactions with environment. Pollen
data provide a first picture of possible human impact
(e.g. deforestation, cultivation of Cerealia, Olea). However, there is today an urgent need of additional archaeological (historical) data able (1) to document more precisely the agricultural practices and their variations in
space and time throughout the Mediterranean area, and
(2) to assess the human pressure on environment both
in terms of technology and demography. The stake is a
more rigorous evaluation of what is suspected behind
the so-called “human impact” in terms of (i) chain of
processes and (ii) quantification of them. Such systematic approaches should favour the development of better formalized methods (e.g. model experiments, multivariate numerical analyses) to assess past environment/societies interactions.
Our sincere thanks to the French “Agence Nationale de
Recherche” and to the “Maison des Sciences de l’Homme et
de l’Environnement Ledoux” (CNRS-USR3124, Besançon,
F. Favoury, I. Mouret) which, respectively, funded and hosted
the LAMA project, as well as to INEE (dir. S. Thiébault) and
INSU (dir. J. F. Stéphan) of the French CNRS, to MSHE
Ledoux (CNRS-USR3124, Besançon), and to Laboratoire Chrono-Environnement (CNRS-UMR6249, D. Gilbert)
which sponsored the publication of this special issue. Thanks
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