PLANT REMAINS AND AMS: DATING CLIMATE CHANGE IN THE AEOLIAN
ISLANDS (NORTHEASTERN SICILY) DURING THE 2ND MILLENNIUM BC
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ABSTRACT. Archaeological plant remains, used to establish a reliable chronology by radiocarbon dating, are used here to
investigate trends in past rainfall intensity. The stable carbon isotope ratio in botanic remains depends on environmental con-
ditions during the plant’s life. By comparing the 8'3C and !“C of selected plant specimens from 3 protohistoric sites in the
Aeolian Archipelago, it is possible to identify short-term changes in the rainfall intensity during the 2nd millennium BC. The
climate signals inferred from carbon isotope analyses are compared to pollen data for the region and are found to be consistent
with changes in vegetal cover. Finally, the climate signals are integrated with the history of the Aeolian communities and the
resilience of settlers is evaluated.

INTRODUCTION

Charred plant remains collected in archaeological sites are commonly used to infer information on
natural vegetal cover, food production, trade exchange, and agricultural practices (Zohary and Hopf
2000; Théry-Parisot et al. 2010). Recently, the traditional archaeobotanical approach has been fur-
ther developed and vegetal macroremains have been used to identify short-term climate changes
(Roberts et al. 2011; Fiorentino et al. 2012a).

Studies indicate that plant remains, which record chemical-physical environmental characteristics
by their stable isotope ratios, are suitable for this type of research. In particular, plant water input
(O’Leary 1995) has been found to be related to the stable carbon isotope ratio, and the plant’s §!3C
value can thus be used to identify variation in the rainfall regime.

Modern accelerator mass spectrometry (AMS) instruments measure 4C/12C and '3C/!2C isotope
ratios simultaneously, which can be interpreted to correlate past precipitation changes to an absolute
timescale (Fiorentino et al. 2008, 2009). Assuming that short-term climate fluctuations affect settle-
ment and subsistence patterns, especially in regions that are environmentally marginal, we applied
carbon isotope analysis to plant remains from 3 protohistoric sites in the Aeolian Archipelago.

In total, 33 plant samples collected from the protohistoric villages of Filo Braccio, Portella, and
Punta Milazzese were analyzed by AMS. The paleoclimate trend inferred from the carbon isotope
analysis was compared to the regional pollen diagram of Gorgo Basso (SW Sicily) to verify whether
changes in vegetal cover recorded in pollen sequences were consistent with climate signals. This
record was preferred to other regional sequences (e.g. Pergusa Lake, Sadori et al. 2008) because,
despite its distance from the Aeolian Archipelago, it has similar Mediterranean environmental
characteristics.

Gorgo Basso is a coastal lake (6 m asl) situated in a belt of thermo-Mediterranean oaks (Quercus
ilex) and evergreen shrubs (Pistacia lentiscus), where local vegetation is very sensitive to changes
in availability of water (Tinner et al. 2009). Our isotope data are compared with archaeological
records in order to investigate the resilience of the island’s communities. The results indicate corre-
lations between starvation caused by water shortage, plant coverage, and human dynamics.
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CONTEXT OF THE STUDY
Geographical Setting

The Aeolian Archipelago, located in the southern Tyrrhenian Sea west of Calabria and north of Sic-
ily, consists of 10 islands and islets, of which only 7 are populated. The largest island is Lipari, with
a surface area of 37.3 km?, while the other islands are Vulcano, Salina, Stromboli, Filicudi, Alicudi,
and Panarea (Figure 1). The archipelago is of volcanic origin and all the islands were submarine vol-
canoes that emerged about 700 kyr ago (Maramai et al. 2005).
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Figure | The Aeolian Islands and Gorgo Basso within the Mediterranean Basin

Geological traits influence the landscape morphology, soil, and range of natural resources. All the
islands have sharp profiles and arable plains are limited to Lipari (Diana) and Filicudi (Filo Braccio)
(Morelli et al. 1975). The maximum elevation ranges from 420 m asl on Panarea to 961 m asl on
Salina, causing variation in rainfall. The average annual precipitation in Salina is ~650 mm per year,
but only 400 mm in Panarea, resulting in differences in biodiversity and water availability. As a
whole, the archipelago belongs to the subarid Mediterranean climatic zone (Troia 1998).

Lack of perennial water resources and a dearth of arable land limit the possibility of extensive agri-
culture, exposing human communities to the risk of famine and starvation. The carrying capacity of
the island system, defined as the potential to sustain a certain human population in equilibrium (Wil-
liamson and Sabath 1984), is not only determined by environmental parameters (biodiversity,
resources fluctuation, rainfall, land area), since cultural variables (technology, cultural perception of
resources, external relations) have always influenced human dynamics in the archipelago.

Historical Framework

The Aeolian Archipelago has a long history of human occupation, beginning in the 5th millennium
BC, during the Neolithic, when settlers first moved from Sicily towards Lipari in search of obsidian.
During the Bronze Age, the Aeolians prospered thanks to maritime commerce. The transition from
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the Early Bronze Age to the Late Bronze Age (2100-900 BC) was characterized by at least 3 differ-
ent cultural phases: Capo Graziano; Milazzese; and Ausonio (Bernabo Brea and Cavalier 1968).

During Capo Graziano phase 1, the settler economy seems to have been oriented towards farming,
and villages flourished on the coastal plains of Filo Braccio (Filicudi) and Diana (Lipari). Evidence
from cultural materials shows that during this phase, the Aeolian sites shared models in pottery man-
ufacture and dwellings that were characteristic of contemporary southern Italian communities
(Bernabo Brea and Cavalier 1991).

During Capo Graziano phase 2, changes occurred in the distribution of settlements: the lowlands
were abandoned and villages were built in strategic positions on hilltops such as La Montagnola
(Filicudi) and Acropolis (Lipari). Contacts with the Mycenaeans intensified, as indicated by signif-
icant quantities of imported Mycenaean pottery and the adoption of specific architecture, such as the
tholos, typical of the Aegean tradition.

The role of the Aeolian Islands within the Mediterranean trading system was consolidated during
the Middle Bronze Age, especially during the Milazzese phase, when the number of sites increased
to 3 and inaccessible promontories were occupied in Portella (Salina), Punta Milazzese (Panarea),
and Acropolis (Lipari) (Martinelli 2005). Bietti-Sestieri (2010) suggests that the Mycenaeans may
have used the Aeolian Islands as offshore trading centers: neutral territories in which commercial
transactions could take place, in much the same way as the Minoans used the islands of the western
and eastern Aegean, establishing close alliances with small island groups as a means of gaining
access to wider networks of contacts.

This system collapsed during the Late Bronze Age, when the Aeolian Islands were occupied by the
Ausonians, a new group of intruders from the Italian Peninsula who destroyed all the settlements
except the Acropolis of Lipari. Systematic reoccupation started in the 6th century BC when Greek
exiles from Rhodes and Knidos landed at Lipari, starting a period of Greek domination, which was
known for acts of piracy against Etruscan and Phoenician shipping.

PALEOCLIMATE RESEARCH: THEORETICAL BACKGROUND

313C of Archaeological Plant Remains: Implications for Paleoclimate Studies

Stable carbon isotope analysis of ancient plant remains has been widely used to identify ancient cli-
mate changes in northwest Europe, Syria, and south Italy (Vernet et al. 1996; Fiorentino et al. 2008,
2009; Riehl et al. 2008). All these paleoclimatic studies are based on the principle that during photo-
synthesis the carbon pathway is influenced mostly by environmental parameters (Ehleringer et al.
1993). The discrimination (isotope fractionation) of 12C and '3C occurs mainly, but not exclusively,
during the passage of CO, through the stomata in the leaf. In principle, under conditions of environ-
mental stress the stomata close up and the amount of CO, available for photosynthesis is reduced. In
plants with a C; photosynthetic pathway, the carboxylating enzyme (RuBisCo) is then forced to fix
a higher proportion of 13CO,, and the '3C/12C isotope ratio increases (Ferrio et al. 2005). A simple
model most widely used to describe isotopic fractionation in photosynthesis in leaves is that of Far-
quhar et al. (1989), who argued that variations in the leaf carbon isotope ratio* (§!3C,j,y,) of C; plants
depends on the intercellular CO, concentration (ci) as follows:

4The stable carbon isotope composition of a given sample is expressed as the difference between the >C/12C ratio measured
for the sample (Rgumpic) and the PDB (Pee Dee belemnite) standard ratio in permil deviation: 3'3C(%o) = (Rsample/Rstandard —
1) x 1000.
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813Cplant = 813Cair_ a— (b_a) C,'/Ca

where 813C,;, is the carbon isotope ratio of CO, in the air, a is the fractionation caused by the slower
diffusion of 13CQ, relative to 12CO,, b is the fractionation caused by discrimination of the enzyme
RuBisCO against 13CO,, and c, is the atmospheric CO, concentration (Farquhar et al. 1982). The
only parameter under the direct control of the plant is ¢;, which depends on stomatal conductance
and the carboxylation rate. Thus, if environmental factors cause the plant to increase its stomatal
conductance and/or decrease its carboxylation rate, then the resulting increase in ¢; will produce a
lower 813C . (Heaton 1999).

This would imply that 3'3C,,, may depend on either variations in atmospheric CO, concentration
and relative 8!3C,;, or changes in photosynthesis due to environmental factors. The 8!3C of atmo-
spheric CO, is currently around —8%o. (Ferrio et al. 2005), with latitudinal (Taylor and Orr 2000) and
chronological variations in relation to complex carbon cycle mechanisms (Mayewski et al. 2004),
deforestation, and the use of fossil fuels (McCarroll and Loader 2004).

The 8!3C of CO, during the 2nd millennium has been found to be higher (-6.36%o) than that of mod-
ern times (-8.05%o) (Ferrio et al. 2005; Schmitt et al. 2012), affecting the 8'3C of ancient plant
remains. However, since we do not intend to compare data from modern samples with data from the
ancient plant remains in absolute terms, but just to identify the main factor in carbon isotope dis-
crimination, variations due to the different §!3C of CO, can be neglected. Thus, local environmental
parameters appear to be the most important factors in determining 8'3Cyj,q variations. Among all
the climatic parameters that might be involved in isotopic carbon discrimination, the most influen-
tial are those that are crucial to the growth and survival of plants (Ferrio et al. 2005).

In subarid regions, where water is scarce and its availability limited to certain periods of the year,
813C in plants has been found to be dependent on local rainfall (Stewart et al. 1995; Weiguo et al.
2005; Guo and Xie 2006). Since it reflects changes in water availability, the 5'3C of plants can indi-
rectly help to assess climate shifts. Nonetheless, some specifications are required, especially con-
cerning archaeological plant remains. The state of preservation of samples that are all charred
remains could, in theory, affect the stable carbon isotope concentration. Tests on stable carbon iso-
tope composition carried out on modemn C; and C, plant material after different cooking procedures
and laboratory simulations have shown contrasting results in terms of 8'3C values depending on the
processing methods used. Cereals are the least sensitive, since the 8!3C before and after carboniza-
tion is substantially the same (Heaton et al. 2009; Fiorentino et al. 2012b). The biggest changes
occur in charred wood (from —0.5%o to —1.1%o) because the 2 major components of wood (cellulose
and lignin) differ in their susceptibility to volatilization. Lignin contains less 8!3C than cellulose
(DeNiro and Hastorf 1985; McCarroll and Loader 2004) and is less volatile (Schleser et al. 1999).
Consequently, charcoal generally includes a greater proportion of lignin-derived carbon, causing
813C depletion. Nevertheless, because 8!3C displays similar responses to climate in cellulose and
lignin, this fractionation during charring does not override the climate signal of 8'3C in charcoal
(Hall et al. 2008).

The size of 8'3C variations (=0.5 to —1.1%.) in charred wood can be measured by AMS, but the
selection of taxa should avoid resinous species such as Pinus sp., which are more sensitive to the
effect of charring (Baldock and Smernik 2002). If applied in combination with archaeobotanical
methods to pick out the right samples, carbon isotope analyses provide a simultaneous measure of
313C and !“C age, making it possible to study climate changes in an absolute chronological frame-
work.
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MATERIAL AND METHODS

The archaeobotanical investigations led to the collection of several soil samples from the archaeo-
logical contexts being stratigraphically investigated. After being sieved, charcoal was separated
from other remains (mainly microfauna and stones) and the anatomical features of charred wood tis-
sue and seeds were analyzed by stereoscopic (Nikon SMZ 645) and metallographic (Nikon Eclipse
ME®600) microscopy.

Comparison with local plant reference material available at the Laboratory of Archaeobotany and
Palaeoecology led to the taxonomic identification of 4962 charcoals and 3531 seed/fruits (Martinelli
and Fiorentino 2008; Martinelli et al. 2010). Thirty-three samples were selected from among the
archaeobotanical assemblage: 21 from Filo Braccio (Filucudi), 10 from Portella (Salina), and 2 from
Punta Milazzese (Panarea).

Long-lived plants were avoided because their long lifespan could introduce uncertainty due to the
old-wood effect. Moreover, the taxonomic identification of samples helped to select only plants with
a C; photosynthetic pattern (8'3C ranging from —18%o to ~32%o).

Cereals were preferred to wood in order to reduce the uncertainty of “charring effects” on the §'3C.
Where tree tissue was the only material available, non-resinous species were chosen. Annual edible
fruits (1 specimen for sample), such as barley (Hordeum vulgare var. vulgare, H. vulgare var. dis-
tichum) and grape seeds (Vitis vinifera) were selected. When these remains were not available, small
branches of trees and shrubs (diameter ~1 cm) were selected: olive (Olea europaea) and broom
(Genista sp.) were the most frequent, followed by heather (Erica sp.), strawberry (Arbutus unedo),
poplar/willow (Populus/Salix), plum trees (Prunus sp., Pomoidaeae), mastic (Pistacia lentiscus),
and myrtle (Myrtus communis).

All the specimens were analyzed by AMS at the CEDAD laboratory, University of Salento, in accor-
dance with standard procedures. Samples were mechanically cleaned under an optical microscope
before undergoing a chemical cleaning procedure consisting of alternate treatment with acid (10 mL
of 1M HCI for 10 hr at room temperature), alkali (10 mL of 1M NaOH at 60 °C), and acid (10 mL
of 1M HCI for 10 hr at room temperature) (Quarta et al. 2005).

The purified sample material was then oven-dried and combusted to CO, at 900 °C in sealed quartz
tubes together with copper oxide and silver wool. The CO, sample was then cryogenically purified
and finally converted to graphite using hydrogen as a reducing medium and iron powder as catalyst
(D’Elia et al. 2004). The graphite was pressed into the sample holders of the accelerator mass spec-
trometer for measurement of its isotopic composition (for further details see Calcagnile et al. 2005).

Conventional “C ages obtained at CEDAD (lab code LTL) were converted to calendar ages by
using the IntCal09 calibration curve (Reimer et al. 2009) and OxCal v 4.1.6 (Bronk Ramsey 2009).
In addition, 7 previous !C dates from the Portella site, performed at the Department of Earth Sci-
ences-University of Rome I “La Sapienza” (lab code Rome) by liquid scintillation counting (LSC)
(Calderoni and Martinelli 2005; Alberti 2011), were used to implement the '“C database for the
chronological pattern of human occupation in the Aeolian Archipelago during the Bronze Age (Fig-
ure 2). After all the '*C dates were converted to calendar year, Calib-602 (http://calib.qub.ac.uk/
calib/) was used to sum calibrated probability distributions by year and normalized the area under
the resulting distribution to 1.

Summed probability distributions were used to identify periods in which the likelihood of human
occupation was higher. The resulting curve (“multi-sample probability curve for archaeological
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Figure 2 Probability distribution of the calibrated ages of the samples
from Portella on Salina, Filo Braccio on Filicudi, and Punta del
Milazzese on Panarea. The samples are ordered from oldest to youngest.

occupation”) was compared with the number of sites for phase and the paleoclimate trend inferred
from carbon isotope analyses to point out correlations between climate and site changes (Figure 3).

RESULTS

The AMS measurements performed on archaeobotanical samples at CEDAD are shown in Table 1.
They indicate a time period roughly corresponding to the 2nd millennium BC, while the 8'3C val-
ues range from —30.1 £ 0.5%o (LTL4299A) to —21.7 £ 0.5%0 (LTL4313A), with an average value of
—25.8%o. The typical accuracy of the AMS “C measurements is 45 yr, and of the 5!3C measure-
ments 0.4%o, very close to the IRMS (isotope-ratio mass spectrometer) accuracy level (Table 1).
The calibrated 1“C dates sheds light on the life cycle of each village, helping to refine the chronol-
ogy of Aeolian settlement development (Martinelli 2010). The Filo Braccio chronology suggests
that the site flourished between ~2100 and 1700 BC (3650-3250 BP), a period corresponding to the
Capo Graziano 1 cultural phase. Evidence of further occupation is visible in hut G and area 1 (see
LTL4296, 4311, 4308), although no direct sign of Capo Graziano 2 culture was found within these
contexts (Martinelli et al. 2010).

https://doi.org/10.1017/50033822200047354 Published online by Cambridge University Press


https://doi.org/10.1017/S0033822200047354

695

Dating Climate Change in the Aeolian Islands

"(5002) 1ipunMey pue 1woiaple) Aq paysijqnd K[snoiaaid saje(q ‘ousfes Jo ANsiaaiun) ‘Alojesoqe] VAT Y e pauLiojrad sajep MoNe

e96L-0L6  SOF 89T~ S¥F00LT pavdond pa]()  SIm) PALIEYD amsoppus X INH edreued  VITIEYILT
«L001-S6Z1 S0 F8VT— SY ¥ ¥E67 povdoind pa])  SIm) PALIEYD [ U1IB3Y/F00I ZWMH  eueS  VyIgp1L1
OV11-86€1  9°0F 6V~ S¥ F 200€ povdoind paj()  BIm) PALIRYD  (UMB3Y/J0O0I ZIMH  eueS  VSIEYILT
eITII-96E1 970 F §'97— SY F LOOE papdoana paj)  F1m) paLeyd amsoppus  AJINH eaxeuwed  VIZEYILT
0CZI1-00F]  S'0F60¢— 0S F910¢ paafiura syiq pads aderd ooy dmy  BUlES  VSZEYILI
STIT-60V1 90 F 79T~ 0S F610€ D240qp YO PILIY  BIM) PILIRYD ZOMH  euleS  VLIEYILT
EII-SIP]  SOFLIT SY F 6£0€ pavpdoind pa)) 1M} PALIEYD  ([1IBSY/5001 ZWMH  eweS  VEICYTLT
elLTI-0SPT  T'0F OV SEF90IE ‘ds pysiuan  31m) pawreyd 10d aprsut ZWMH  euweS  VI6THILT
OLEI-PEYI eu SPFOIIE ‘ds pisuan)  S1M) poLIeyd  YMEdY/JOOI OIMH  euljeS  9p7[-oWOY
ol 1E1-L¥Y1 eu ShFOTIE ‘ds pysiuan  F1my parreyd Jymeay TIH  ewes  gp7]-owoy
SIEI-00ST  9°0F 64T oy F 1P1€ xiyog/snindoqd  Sim) paueyd  yuedyjgoor  ZZIMH  eulfeS  VIIEyILT
Q96ET1-16V1 eU OV F0SI€ 'ds pysiuan  S1m) pawreyd Joox O  eules  Gp7I-owoy
a86€1-V6b 1 eu ShFSSI¢ ‘ds pisiuapn  Bimy paureyo yueay WIH  euleS  ppg[-owioy
98€1-62S1  S'0F 9T Ob F6LIE vovdond pa])  Sim} PALIEYD dmH  eueS  VSIEYILT
eCCE1-S091  SOF 617~ Sb F €81¢€ D240qp JO DI SIm) PALIEYD Sy  euleS  VOZEYILT
aSEPI-9ISI eu SPF0I1zE "ds pysiuany  Simy pawreyo Jooy TINH  eules  6p7[-owoy
Q9EP1-5TS1 2 S¥ ¥ 0TTE ‘ds vysiuany  Simy parreyd prs OmHy  euies  (OST[-oWoY
aLEP1-0091 eu Sh F 0£T€ ‘ds pisiuay  Bim) palreyo  [YUEdYJoor OWMH  euleS  Lp7]-owOY
eCEPI-€E91  SOF €T SP F95T¢ opaun sninqdy  31m) paLIeyd preunoo DY  1pwL] V80P TLT
86VI-€ELT  €O0FL8T SYF9I¢€€ ‘ds ppstua)  S1m) parreyd DMy 1P VIIEYTLT
e€191-LL8T  TOFLLT oY FOIPE papprowod  31M) pareyd 10d reau dAmH  pnoid  V96ZHILT
e€291-9L81 TOF €8T SEF 81¥€ D240q4p “Jo pIMY  BIm) PALIEYD AWMy Ipnonly  VZ6TYILT
eIb91-L881 SOF T 6T S¥ F 6b¥€ D240q4p “Jo PILF  FIM) PALIEYD AMH  Ipnonid  V66CYILT
0€91-0681 S'0F T6T 0S F 6vP€ padfiuta siig pass adeid 100} dMH  IpnoNl  VOIEYTLT
eSEST-TLOT  8OFLET- 08 FSSYE  WnyouSIp YA 24DSInA WNIPIOE] sisdoAreo geare  Jooeds  IpPMIIL  VH6THILT
0991-0261 $'0F '€~ 0S ¥ 99v¢ 2up3|Na Wnap.or] sisdoAres jodopisur  Jooeds 1pMAIY  VIOCYILT
8991161  €0F 1'9Z- SYF LLYE stunwwioo snjadpy  S1m) paLreyo AMH PO VL6TYILT
eS691-9261 V'O F V¥l Ob F 86¥€ D240Qup ‘JO poL  SIm) PILIEYD | eare dmMH  pnoyly  VE6TYILT
29691-0961 €0F ¥'ST- Sy F916€ opaun smnqdy  31m) pareyd dMH PO V86TYILT
e8VLI-LE6T  €0F 9T SE F 81S¢ “ds snunig  S1m) paLreyd dMH P VS6THILT
€PL1-010T  9°0F L'9T- SY F 6T5€ snosyua] v1ovisl  S1m) paLeyd 1o0d aprsut AMH  Ipnoi]  VSOEYTLT
eISLI-SS61 S OF8ST- SE F SESE opaun smnqdy  31m) paLreyd Meay/jool dMH P V60EyTLT
eISLTI-910C €O0FI'LT- Sh F 9vse 24p3na wnap.or] sisdoAreo jodiesu  Joeoedg 1M  V90EYTLT
e6SL1-ST0T S OF TET- S¥ ¥ 965€ D240q4p 3O PILY  Bim) PaLIBYD dMH  poqd  VZIEYTLT
OLLI-IZIT  €O0F9LT- 0S F 08S€ D240Qup 3O POLIY  SIM) PALIEYD Sy  euleS  VETEYLLT
9LLI-ETIT  €O0F V9T Sh ¥ 68S€ 24p3nA WNIPAOE] sisdoAres jodopisut  Jooeds 1PN VHOEYTLT
e€881-S€IT  €0F 197 SYF 129¢€ 24D3|nA WNIPAOE] sisdoAres jodapisur  Jooedg  1pMILY VL0V TLT
6881-S€1T  €O0F 9L SP F 0£9¢€ up3na wnapAof] sisdoAres jodopisur  -Jooeds  IPMALY  VEOEYTLT
9681-0vIT SOF9LL SY ¥ £49€ 24D3NA WNIPAOE] sisdoAres jodspisur  Jooeds  IPOOILI  VZOEHILT
0617-09vC TOF98C SY ¥ 678€ D240q4p YO PILIY  SIm) PALIEYD [ eare MY pnoNd  VOOEY1LT
(o 1) 404 25 aeiqie) (°%) D¢1Q dg 38e Dy, satoadg [eLIOIBIA 19AeT  1X9u0) BN I qe]

(600 'TE 12 1Y) SAIND UONBIqI[Ed GO[eDIU] ay) Suisn (6007 Adswey Juolg) 9’ A [BDXO im pauLiojiad
uoneIqI[e) "BIIBUBJ UO ISIZZE[IJA [9P BIUN JB PUE ‘IPNOI[I] UO O193kIg O[] ‘BUI[ES UO B[[SLO JE SIUSWI[NAS a8y SZuolg S[PPIA dY) WO} SUONBUIULINIGP Dy, [ SqBL

https://doi.org/10.1017/50033822200047354 Published online by Cambridge University Press


https://doi.org/10.1017/S0033822200047354

696 V Caracuta et al.

Early Bronze Age Middie Bronze Age Late Bronze Age
Aeolian chronology] Capo Graziano1 l Capo Graziano2 Thapsos-Mi Ausonian
1]
°
o
LIRS
s
- Filobracci
> o o
HEES
e 2100-1700
§
§ 3+
§ Portella-P. Milazzese
15009200
-21
o L
2 ¢
L Ve
: £
26 | e
| £ S
R Y L5
8 1
= i HE =]
8 i B
< r v

The multi-sample
probability curves for
archaeological ocoupation

Figure 3 The sum of the probability of calibration curves of the 40 1“C dates, the “multi-sample prob-
ability curve for archaeological occupation,” is compared to the real number of settlements for phases
and paleoclimate carbon isotope curve. Gray stripes indicate the periods of reduced rainfall that,
despite all the forecasts, correspond to the phases with the highest probability of settlement spread.

The new *C measurements for Portella, performed by the CEDAD and Rome laboratories, restrict
the timeframe of the settlement to 4 centuries between ~1450 and 1100 BC (Martinelli 2005; Mar-
tinelli and Fiorentino 2008). Within this period, several occupation phases were identified on the
basis of stratigraphical observations and spatial distribution of the huts. The '“C chronology fits well
with the traditional chronology, which dates the beginning of the Milazzese facies, i.e. the early
MBA in the Aeolians, to the 15th century BC (Martinelli 2010). Of the 2 dates available for Punta
Milazzese, one (LTL4321A) matches the last phase of Milazzese culture already identified at the
Portella site, while the other (LTL4321A) belongs to the Ausonian horizon, although there are no
archaeological traces of occupation datable to this facies.

The 8'3C measurements enhance the value of the 14C dating. Because of the simultaneous measure-
ment of “C and stable carbon isotope ratios, changes in 5!3C values can be interpreted in terms of
well-dated paleoclimate signals. LTL4322A and LTL4300A were excluded because they do not fit
with the chronological range, while LTL4301 shows an outlier 8'3C value of —33%o. At least 3
phases of reduced 8'3C values (below —25.8%o), interpretable as an index of moister conditions, can
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be distinguished: the first at 3650-3580 BP (~2100-1950 BC); the second at 3450-3250 BP
(~1700-1500 BC); and the last at 3050-2950 BP (~1250-1100 BC). Between these phases are peri-
ods of high 8'3C values (more than —25.8%o), corresponding to increased aridity: one at 3580-3450
BP (~1950-1700 BC) and the other at 3250-3050 BP (~1500-1250 BC). The drought periods,
marked with gray stripes on Figure 3, are those that fit to the phases of higher human occupation (see
peaks in the multi-sample probability curve). They, indeed, correspond to the end of Capo
Graziano | and the beginning of Thapsos-Milazzese.

DISCUSSION: PALEOCLIMATIC AND ARCHAEOLOGICAL IMPLICATIONS

Our study of the Aeolian Islands provides an ideal opportunity to analyze the human-environment
relationship, since there are less relevant variables and can therefore be easier understood than in
continental contexts (Patton 1996). The identification of short-term climate changes provides a
unique chance to study the way in which Aeolian communities have adapted to shortages of natural
resources by changing food procurement strategies and/or developing contacts with external powers
(Figure 3). Combining data on climate and human dynamics with the environmental changes
recorded in the Gorgo Basso pollen sequence enables us to outline a complex system of correlations

(Figure 4).
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Figure 4 The Gorgo Basso pollen diagram (modified after Tinner et al. 2009) compared with the climate phases highlighted
by the Aeolian curve.

The first Bronze Age occupation of the Aeolian Archipelago was characterized by settlements such
as Filo Braccio (Filicudi) and Diana (Lipari), situated in lowland plains, where agriculture was prac-
ticed despite the limited availability of arable land. 4C dating for this phase comes from material
gathered in “Space L” in Filo Braccio, a courtyard devoted to cereal processing dated to ~2100—
1950 BC. This period is characterized by low 8'3C values, indicating moister conditions.

The Gorgo Basso pollen diagram (Figure 4) shows a general increase in trees during this phase,
especially evergreen oak (Quercus ilex), and fewer shrubs (e.g. Pistacia lentiscus), which can be
interpreted as a sign of moister conditions. The favorable environment apparently supported a farm-
ing economy that would have provided enough food to feed the local communities. Starting from the
20th century BC, signs of disruption are evident in Capo Graziano 1 villages. 1*C dating, performed
on material coming from fire layers in hut F, reveals that the settlement was destroyed around
1700 BC. The centuries that preceded this episode are characterized by increased aridity, as sug-
gested by the high 8'3C values. At the same time, an open landscape developed in the surroundings
of Gorgo Basso, where the arboreal coverage was limited and shrubs and herbs prevailed. The
reduced number of microcharcoal within the pollen sequence, above all in the last part of the phase,
suggests that the decrease in trees was not due to human activity but was more likely the response
of natural plant cover to drought conditions.
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The effects of climate on local natural resources could have undermined the basis of subsistence for
the Aeolian agricultural communities and weakened the settlers against their enemies. The Capo
Graziano 2 phase saw the introduction of new elements, especially the development of contacts with
Mycenaean traders who crossed the western Mediterranean in search of minerals. The role of Aeo-
lians in the trade system also influenced settlement patterns. Lowland sites were abandoned and
people moved to the hilltops where they founded villages in favorable positions in order to control
the marine routes. Lipari and Filicudi were still the only inhabited islands, but in both cases people
relocated to sites in prominent positions. The Lipari Acropolis was settled for the first time, while
on Filicudi Island, settlers relocated to La Montagnola, a new site on the higher promontory. '4C dat-
ing performed on Filo Braccio samples suggests that scattered occupation occurred in huts F and G
and Area 1, although there is no archaeological evidence of Capo Graziano 2.

Despite the favorable conditions that characterize the period, as suggested by the low 8!3C values of
samples and the increased arboreal pollen in the Gorgo Basso diagram, the Aeolians did not practice
farming. It is likely that trade supplied food and other goods. The importance of trade increased during
the Milazzese phase (~1500—-1300 BC), when the “Mycenaeanized” Aeolian communities struggled
against their neighbors for control of maritime trade and pillaged the coastal peninsular settlements.

The struggle between the Aeolians and the Tyrrhenian population took place during a period of
reduced rainfall, characterized by high 8'3C values, during which the Mediterranean arboreal vege-
tation suffered from the combined effect of drought and human activity. The reduction of tree cover
in the Gorgo Basso sequence coincides with an increase in microcharcoal concentration. This
increase was too large and too rapid to be attributed to natural factors alone, and must therefore have
been at least partly the result of human action. The decrease in the 8!3C of AMS-dated plants after
~1300 BC indicates moister conditions, which may also have favored the spread of olive trees in the
Gorgo Basso area.

Despite the favorable environment, the Aeolian system collapsed during the Late Bronze Age.
Traces of disruption are evident in all the settlements occupied during the Middle Bronze Age, most
of which were abandoned and never repopulated. Scholars attribute this development to the invasion
of the “Ausonians,” a group of invaders from the Italian mainland who destroyed all the settlements
except the Lipari Acropolis, which was used as a center of control. The conflict may have had many
causes, including the pressure exercised by the “Mycenaeanized” Aeolians during the Milazzese
phase on their mainland neighbors, as well the inability of the islands to control maritime routes
after the rise of the Phoenicians.

CONCLUSION

Rethinking the role of botanical remains can expand the potential of AMS. If selected in an appro-
priate manner, plants from archaeological contexts can provide not only a reliable chronological
framework, but data with which patterns of short-term paleoclimate changes can be established.
New measurements of 14C and 8!3C on 33 samples collected in 3 sites in the Aeolian Archipelago
provide a robust chronology of settlement dynamics during the Bronze Age. The opportunity to inte-
grate human history with environmental developments during the Bronze Age prompted our adop-
tion of a combined approach using carbon isotope analyses to identify trends in rainfall variation
during the 2nd millennium BC. The reliability of this method was tested, and climate signals were
found to be consistent with changes in the vegetal cover recorded in the Gorgo Basso pollen
sequence. Thanks to the high chronological resolution ensured by the use of AMS techniques, cli-
mate signals could be integrated with the history of Aeolian communities and the resilience of set-
tlers to the harsh environment was evaluated.
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