PLOS ONE

Check for
updates

E OPEN ACCESS

Citation: Patania I, Ogloblin Ramirez |, Carroll P,
Wroth K, Zaia S, Di Mauro S, et al. (2024) Between
land and sea: A multidisciplinary approach to
understand the Early Occupation of Sicily (EOS).
PLoS ONE 19(10): e0299118. https://doi.org/
10.1371/journal.pone.0299118

Editor: Enza Elena Spinapolice, Sapienza University
of Rome: Universita degli Studi di Roma La
Sapienza, ITALY

Received: July 5, 2023
Accepted: February 5, 2024
Published: October 9, 2024

Copyright: © 2024 Patania et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

Funding: |.P. GRO026081 Leakey Foundation
AE3EF780-6DFC-4926-BF63-BEC01B1C780D
https://leakeyfoundation.org/grants/research-
grants/ |.P. P23-05887 Rust Family Foundation
https://www.rfamfound1.org/RFFarchint.html The
funders had no role in study design, data collection
and analysis, decision to publish, or preparation of

Between land and sea: A multidisciplinary
approach to understand the Early Occupation
of Sicily (EOS)

llaria Patania'?®*, Isaac Ogloblin Ramirez>*%®, Peyton Carroll»°®, Kristen Wroth™,

Sara Zaia®®, Sebastiano Di Mauro®*, Danielle Falci®®, Iris Querenet Onfroy de Breville®®,

Ignacio Aguilar Lazagabaster'®''*, Gianmarco Minniti'#, Agatino Reitano'**,

Gianni Insacco'3*, Tristram Kidder'*, Christian Tryon®1%®

1 Department of Anthropology, Washington University in St. Louis, MO, United States of America, 2 Center
for Human Evolutionary Studies, Rutgers University, NJ, United States of America, 3 Department of Maritime
Civilizations, University of Haifa, Haifa, Israel, 4 The Leon Recanati Institute for Maritime Studies, Haifa,
Israel, 5 The Sonia and Marco Nadler Institute of Archeology, Tel Aviv University, Tel Aviv, Israel,

6 Department of Anthropology, University of Connecticut, Storrs, CT, United States of America,

7 Department of Chemistry, Earlham College, Richmond, IN, United States of America, 8 Department of
Anthropology, Harvard University, Cambridge, MA, United States of America, 9 Independent Scholar,
Augusta, Italy, 10 National Research Center on Human Evolution, Burgos, Spain, 11 Department of
Evolution, Ecology & Behaviour, University of Liverpool, Liverpool, United Kingdom, 12 Dipatimento di
Geologia, Universita di Catania, Catania, Italy, 13 Museo Civico di Storia Naturale di Comiso, Comiso, Italy,
14 Human Origins Program, National Museum of Natural History, Smithsonian Institution, Washington DC,
United States of America

& These authors contributed equally to this work.
1 KW, SDM, IAL, GM, AR, Gl and TK also contributed equally to this work
* ilaria.patania@rutgers.edu

Abstract

The island of Sicily is considered to be among the first occupied by humans in the European
Upper Palealithic. Studies to understand early occupation of the island are mostly concen-
trated on the northern shores. Our project, Early Occupation of Sicily (EOS), focuses on
southeastern Sicily so to address questions regarding dispersal to Mediterranean islands
and Late Pleistocene landscapes and environments. Here, we present the initial results of
our terrestrial and underwater surveys in combination with archival work and analyses of
museum collections. In SE Sicily very few Upper Paleolithic sites have been excavated and
analyzed using scientific methods. We have relocated and assessed ~20 caves and rock
shelters identified between the 1870s and 1990s, studied museum collections, and collected
raw material to reconstruct procurement patterns. To identify new sites, we conducted land
and underwater surveys to reconstruct paleo-shorelines and past environments. We have
identified three sites, two on land and one partially submerged, that still contain unexplored
archaeological sediments, demonstrated in one instance through seismic tomography. This
work shows the potential of re-examining minimally studied sites and materials to recon-
struct mobility patterns and environmental impact of the first inhabitants of the island.
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Introduction

Despite the long history of research in the Mediterranean our understanding of human dis-
persal and early occupation of its islands is still sparse, and highly debated, especially for sites
that predate the Holocene [1]. The absence of conclusive evidence for the pre-LGM human
occupation of the Mediterranean islands has previously been attributed to the low trophic level
on some of the smaller islands, which may not have been able to support a population. To fully
establish habitation on the Mediterranean islands, the role of domesticated animals may have
been crucial [1]. Recent hypotheses by Slimak [2] have highlighted the potential for crossing the
Mediterranean as an important mechanism for the expansion of Homo sapiens into southwest-
ern Asia, causing us to reconsider the role of islands in this process. On biogeographical
grounds, because of its proximity to the mainland and relatively large size (25,711 km?), Sicily is
a likely candidate for hosting the earliest human occupation among the Mediterranean islands
[1]. However, here and elsewhere in the Mediterranean, uncontroversial evidence for human
arrival, whether by land bridge or seafaring, is placed at ~16 kya shortly after the Last Glacial
Maximum (LGM ~26.5-19 ka) [1, 3, 4] (Table 1), which is quite late when considering the
much earlier keystone dates for the dispersal of H. sapiens, such as dispersal by land into Siberia
by 45 ka [5] and by open-ocean crossings eastward to Australia between 65 and 46 ka [6].

Although hypothesized, an African route into Sicily for Upper Palaeolithic (UP) humans
seems unlikely [reviewed in 4, 15, 16]. Instead, based on broad similarities in lithic technology
(i.e., Epigravettian), cranial morphology [17] and ancient DNA [2, 18], most scholars agree
that mainland Italy is the most likely source for the UP dispersion into the island [1, 15].
Human, and certainly animal migration, was most likely facilitated by a land bridge that con-
nected Sicily to Italy during the last glaciation [3]. In fact, early human occupation in Sicily
appears broadly coincident with a period of major faunal change and in the introduction of
several large and small mammals. Palaeontological analyses [19, 20] arranged the Pleistocene
vertebrates into five Faunal Complexes (FC). The fifth, Castello FC, dating from the Late Pleis-
tocene, contains extant continental species together with paleolithic artifacts, is made up of
continental European taxa including European wild ass (Equus hydruntinus), red deer (Cervus
elaphus), auroch (Bos primigenius), wild boar (Sus scrofa), and carnivores such the weasel
(Mustela sp.) and fox (Vulpes vulpes). The Castello FC replaces mammals of the previous FC of
the late Middle Pleistocene/Late Pleistocene, such the ~2 m-tall elephant Palaeoloxodon mnai-
driensis, the cave hyena (Crocuta crocuta spelaea) and a number of endemic ungulates. How-
ever, the timing and dynamics of this replacement is not yet clear.

The relationships, if any, between human occupation, and environmental change/faunal
extinction are unclear largely because of the rarity of archaeological sites with carefully exca-
vated and finely resolved records. This paucity of research affects also our understanding of
Late Glacial and post-Glacial environments, and in general, paleoenvironmental records dur-
ing and immediately following the LGM are rare, with a marked unconformity in cores from
Lake Pergusa [21]; pollen or other evidence for interpreting terrestrial environments also are
absent from the Lago Preola cores [22]. Faunal data are generally sparse, and primarily focused
on taxonomic identification (Table 2) rather than zooarchaeological investigations of human
hunting or butchery practices for Epigravettian sites, although the situation improves substan-
tially for the Holocene Mesolithic record [e.g., 23, 24].

The apparent late dates for human migration into Sicily indicate either that island occupa-
tion is a very late part of human dispersal patterns in Eurasia or that older, formerly coastal
sites now lie submerged due to post-Pleistocene sea-level rise. These include the stepped and
gradually sloping offshore bathymetry of the eastern portion of Sicily along the Ionian Sea that
may preserve now-submerged rockshelters, and topographically flat regions that would have
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Table 1. Complete list of published Paleolithic radiometric dates for Sicilian sites with references.

Site Strata Lab No. 14C Date cal BP 20 Source
Acqua Fitusa’ B F-26 13760 + 330 17,740-15,550 [8]
Acqua Fitusa B, tgl. 3 Beta-194335 11440 + 50 17,676-17,659* [9]
originally in [10]
Addaura Caprara Individual 1 KIA-36055 12890 + 60 15,950-15,000 (3]
Castello 3 OxA-9975 11070 + 130 13,174-12,751* [11]
Castello 8 OxA-9976 10030 + 130 11,990-11,985* [11]
Castello 3 OxA-10105 10520 + 65 12,708-12,432* [11]
Castello 2C2 OxA-9977 9580 + 160 11,270-10,485™ [11]
Castello 2C1 OxA-9978 11350 + 100 13,136-13,124" [11]
Castello 2C1 OxA-9979 11350 + 180 13,586-13,546™ [11]
Castello 2B OxA-10002 12670 + 65 15,307-14,897* [11]
Castello 2B OxA-10003 12800 + 60 15,524-15,096* [11]
Castello 1C OxA-10037 12855 + 70 15,594-15,149* [11]
Castello 1C OxA-10038 12975 + 70 15,738-15,289* [11]
Castello 1A2 OxA-10039 13265 + 70 16,169-15,717* [11]
Castello 1A1 OxA-10040 13485 + 80 16,920-16,230 | [3]
d’Oriente 7D LTL-14260A 12149 + 65 14,136-13,932 [12]
d’Oriente 7E LTL-873A 12132 + 80 14,210-13,770 [3]
Giovanna?® 11 R-484 12840 + 100 16,150-14,890 [3]
Incisioni’ (Addaura) Trench IIT, spit 13 OxA-13818 12165 + 50 13,628-13,203" [9]
Incisioni’ (Addaura) Trench III, spit 1 OxA-13819 12310 + 50 13,791-13,363* [9]
Incisioni' (Addaura) Trench I1J, spit 2 OxA-13820 12480 + 45 14,040-12,650 [3]
Incisioni' (Addaura) Trench III, spit 2 OxA-13821 12455 + 50 14001-13526™ [9]
Incisioni' (Addaura) ADD-8 AAR-26308 11023 + 46 12,648-12,229 [13]
Incisioni’ (Addaura) ADD-11 AAR-26309 12266 + 53 13,747-13,542 [13]
Incisioni’ (Addaura) ADD-15 AAR-26310 12763 + 48 14,384-14,071 [13]
Incisioni' (Addaura) ADD-16 AAR-26311 10724 + 43 12,136-11,849 [13]
Incisioni’ (Addaura) ADD-18 AAR-30174 12066 + 47 13,510-13,335 [13]
Levanzo®" (Genovesi) Spit 6A, lower F-19 11710 + 295 13,740-12,590 [9]
Levanzo®" (Genovesi) Spit 6, lower F-20 10110 + 300 11,827-10,109* [9]
Levanzo®" (Genovesi) Spit 5A, lower F-18 10175 £ 300 11,908-10,183* | [9]
Levanzo®" (Genovesi) 3 R-566 11180 + 120 12,729-12,048* [9]
Levanzo' (Genovesi) Spit 10 OxA-14258 10750 + 45 12,166-11,555* [9]
Levanzo' (Genovesi) Spit 12 OxA-14259 11200 + 45 12,689-12,261* [ [9]
Niscemi' Spit 6 OxA-13823 12090 + 50 13,526-13,141* [9]
Niscemi' Spit 8 OxA-13824 12440 + 50 14,010-13,630 | [9]
Niscemi’ Spit 10 OxA-14255 11170 + 45 12,666-12,205* [9]
Perciata®" F-27 11960 + 330 14,090-12,650 3]
San Teodoro® B, facies B1 DSH-2749 18330 + 400 23,000-20,910 [3]
San Teodoro PAL DSH9270-GE 12624 + 59 15,224-14,708 [14]
San Teodoro Individual 1 ETH-34451 12580 + 130 15,240-14,120 [3]
Schiacciata® XII OxA-15561 12355 + 50 13,900-13,470 [3]
Uccerie 4D LTL-1517A 13191 + 120 16,660-15,250 [3]
Uccerie 4E LTL-1518A 12933 + 75 15,696-15,237* [15]
(Continued)
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Table 1. (Continued)

Site

Uccerie

Strata
4C

Lab No.
LTL-1516A

14C Date
12958 + 90

cal BP 20

15,764-15,236"

Source

[15]

Alternative site names are given in parentheses. § Non-AMS Date.

+ Date from marine shell.

* Dates calibrated by authors using the original uncalibrated data reported by excavators. Calibrations were done using the rcarbon R package with the IntCal20 [7]

calibration curve (terrestrial) and the Marine20 calibration curve for marine shells corrected using the local reservoir age value for Sicily [3].

https://doi.org/10.1371/journal.pone.0299118.t001

Table 2. Summary faunal data for Epigravettian sites from Sicily. Data from [15, 23, 25-30].

Species Common Levanzo/Genovesi ~ Uccerie Oriente | Uzzo Strato | Castello | San Teodoro | Pedagaggi | Corruggi | Giovanna San
name Strato 3, tagli 5 & | Strato4D | Strato7 | Basale 33— Layer D Corrado
6 48
Ungulates ‘
Sus scrofa wild boar 4 41 2 6 5 26 12 6 Present | Present
Cervus elaphus | red deer 129 6 ‘ 104 0 52 127 11 87 Present
Cervus sp. deer 357 1 Present
Bos auroch 32 28 9 10 9 49 7 2 Present
primigeniust
Bos sp. bovid
Equus wild ass 17 57 14 0 52 15 Present
hydruntinust
Equus cf. probable Present
hydruntinus wild ass
Carnivores
Vulpes vulpes | red fox 6 3 ‘ 11 6 5 1 43 Present
cf. Lynx lynx lynx 1
Felis sylvestris | European 7%
wildcat
Canis cf. lupus | wolf 3 2 Present
Ursus sp. bear 1
Martes sp. martin 1
Mustela cf. least weasel 2
nivalis
Small
mammals
Arvicola water vole 2 0 0
terrestris
Lepus sp. hare 1 ‘ 0 1
Erinaceus European 0 11 6 1 1
europaeus hedgehog
Microtus sp. vole ‘ 7 2
Apodemus sp. | mouse
Oryctolagus European 13
cuniculus rabbit
NISP 190 136 151 400 125 203 47 176 0 0
Ntaxa 6 6 6 10 6 4 5 9
Equid: Deer 0.13 9.50 0.13 0.00 1.00 0.00 1.36 0.09 N/A N/A
ratio
tExtinct.
https://doi.org/10.1371/journal.pone.0299118.t002
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formed a landbridge connecting Sicily to Malta between the LGM and the Holocene [31]

(Fig 1A). Even if we accept this late colonization date there are still large gaps in our knowledge
of the Sicilian Paleolithic. In fact, the current chronological estimates for the Epigravettian
(late Upper Paleolithic) levels are supported by 44 well-published radiometrically dated sam-
ples (Table 1) from 12 sites, but these 12 sites are mostly concentrated on the northern shore
[3,9, 13, 15] and the majority (n = 27) of the dates are from just 3 sites along the northern and
northwestern shoreline. Moreover, two sites, Acqua Fitusa [8-10] and Grotta Giovanna (the
only one in the south of the island [3]), were analyzed before the use of AMS and the dates are
therefore considered less reliable. Finally, 20 of the 44 dates are from marine shells and are
thus may be less reliable than those from bone or charcoal. Recent genetic data [2] have sug-
gested that Sicilian Epigravettian foragers lived at very low population densities with distinct
lineages maintained within the island. Using archaeological data to test these sorts of anthro-
pological questions requires both a larger, and geographically more evenly distributed sample
of sites.

The Early Occupation of Sicily (EOS) project was initiated in 2022 in partnership with the
Superintendence of Cultural and Natural Heritage of Siracusa and Ragusa, and with the Super-
intendence of the Sea of Sicily. The project has the aim of extending our understanding of the
Paleolithic record of Sicily, with a focus on the southeastern portion of the island (Siracusa and
Ragusa Provinces), considering both the terrestrial record and the potentially submerged one
(Fig 1). We do this by (a) using unpublished archival data and evidence from avocational
archaeologists conducted between the 1870s and the 1990s that remain underreported and
absent from most recent syntheses, (b) conducting field survey to relocate known sites and to
look for new ones, both on land and underwater, (c), reanalyzing existing museum collections,
and (d) outlining new analytical pathways to understand the Sicilian Paleolithic record. By
sheer numbers it is clear that although reporting on Sicilian Palaolithic sites goes back to the
late 19" century [32], only a very restricted number of sites have been analyzed with modern
scientific methods and these are all concentrated in the northern shore of the island. Re-evalu-
ation of sites in other parts of Sicily, and exploration of never before surveyed palaeo-land-
scapes that are today submerged is crucial not only to create a more complete image of
Epigravettian occupation of Sicily, but also to start answering important questions regarding
human mobility patterns and human-environmental feedback.

We report here our initial efforts to meet these objectives, including (a) the exact locations
for 25 caves and rockshelters found between 1870s and 1990s and then virtually lost, (b) new
data resulting from previously unexplored submerged palaeo-coastlines and new work at the
Epigravettian sites of Pedgaggi, Campolato Sud A, and Grotta Corruggi, (c) initial results of a
reanalysis of the lithic assemblage from Pedagaggi, and (d) developing a protocol for using
new and published data to reconstruct patterns of landscape use and social organization
among Epigravettian foragers on Sicily.

Paleolithic Sicily

As shown by Di Maida [4] in their recent review of evidence for Palaeolithic occupation of Sic-
ily, pre-LGM migrations on the island, when present, are currently based on surface finds or
on collections coming from possibly disturbed palimpsest deposits. The site of Fontana
Nuova, in particular, considered Aurignancian (~40-28 ka) by some on lithic technological
and typological grounds [cf. 4, 33, 34], now appears to date to the Holocene on the basis of
direct radiometric dating. Instead, the earliest evidence is concentrated at ~16-17 ka, consis-
tent with the Late Glacial Epigravettian period seen elsewhere in Italy [35, 36 and summarized
in Table 1]. The Epigravettian is defined largely on the basis of lithic technology, which
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https://doi.org/10.1371/journal.pone.0299118.9002

consists primarily of the production of blades and bladelets retouched into a variety of tools
including endscrapers and backed points and blades, which Martini et al. [15] divide into a
number of ‘phases’ based on the presence, absence, and frequency of different tool types,
although the chronological relationship of these phases remains imprecise (Fig 2). Also notable
are the multiple ochre-covered burials at San Teodoro and at Grotta d’Oriente [14, 37], and
painted or engraved pebbles and rockshelter wall surfaces, as at Cala Genovese [38] and Grotta
Addaura [39]. Diets appear to be based on terrestrial food sources until the Holocene [9, 40].

Holistic reconstructions that might provide a good understanding of the paleoenvironmen-
tal context for Sicilian Late Pleistocene foragers are largely lacking. Macrobotanical analyses
from the Late Pleistocene (but before the LGM) are restricted to charcoal analyses from San
Teodoro [41], with pollen also reported from hyena coprolites from the same site [42], sedi-
ment samples from the Madonie mountains [43], and cores form Lake Pergusa [21]. Overall,
these studies suggest a mosaic of wooded and steppic environments, which are also suggested
by the younger post-LGM fossil fauna found at Sicilian Epigravettian archaeological sites
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(Table 2, Fauna), in particular C. elaphus and E. hydruntinus [1, 19]. Stiner and Munro [44]
use a ratio of these two taxa as indicators of changing conditions (open to closed habitats) with
declining sea level following the LGM at Francthi Cave in Greece, which we report in Table 2.
The results suggest substantial variation across the island but are not sufficient for inferring
any kind of robust geographic or temporal patterning within Sicily. Detailed zooarchaeological
analyses are available only for 11 sites (Table 2), of which 2 only list presence absence of taxa,
and thus in general we lack a direct understanding of human interactions with these faunas as
an accumulation agent. Isotopic reconstructions from analyses of bones and teeth, while use-
ful, are thus far restricted to the Holocene [e.g., 9, 45].

Three main things are worth noting here in relation to the earliest known human occupa-
tion of Sicily: (1) As shown by Antonioli et al. [3] a land bridge connected Sicily to South Italy
for at least 1.5 ka during the LGM, between 21.5 and 20 ka. This facilitated European fauna,
including E. hydruntinus and C. elaphus arriving on the island and eventually replacing the
endemic population of mammals [19], (2) The known human occupation postdates the forma-
tion of the land bridge, and consists of sites attributed to the Epigravettian, a terminal UP
archaeological taxonomic unit also found throughout mainland Italy and adjacent areas, and
(3) it is still not clear what is the precise relationship, if any, between the LGM faunal turnover
and human arrival on Sicily, although some sort of impact would be predicted by comparison
with the coincidence of human arrival and ecological change on other islands within the Medi-
terranean and elsewhere [46, 47].

Materials and methods

We concentrated our efforts on the Hyblean Plateau, in the Province of Siracusa (Fig 1). The
Hyblean Plateau, which rises to a maximum of 986 m above sea level (asl), consists of Mesozoic
and Quaternary carbonate sedimentary successions and marls [48] that lies on the northern
portion of the African plate, which collided with the Eurasian plate, which consists of Oligo-
cene calcareous rocks in the west and metamorphic ones in the east [49]. The Hyblean Plateau
itself is divided into two tectonic domains by the Tellaro river valley: the Eastern Siracusa one
and the western Ragusa one [50]. Because of its tectonic background the Hyblean Plateau
forms a quasi-stable coast, having undergone minimum uplift in comparison to the rest of the
island, although quantification of the amount of uplift is imprecise because it relies on only
two sites [51, 52] The unique tectonic stability of the area facilitates the reconstruction of sea-
level changes, simplifying the investigation of paleoshorelines that are now submerged. There-
fore, the southeastern corner of Sicily presents a unique opportunity to simultaneously investi-
gate inland and coastal sites during the UP period.

Site and collections recovery, survey, and description

We used a multi-stage interdisciplinary approach to relocate and assess old collections and
sites, and to locate and assess new archaeological sites on land and underwater. Preparatory
work included archival research in local town libraries of town and provincial historical bulle-
tins and news articles and self-published articles as far back as the 19t century, many of which
are rarely available elsewhere [e.g., 32, 53, 54]. Once we compiled a list of the sites identified in
the area of Siracusa we cross-referenced each with the archival lists of the Superintendence for
Natural and Cultural Heritage of the Province of Siracusa to find exact locations, official
reports and photographs, and physical location of the material recovered. Because photographs
or georeferenced coordinates for most sites were rare, and because some sites had multiple
designations in sequential reports, we also interviewed local avocational archaeologists, work-
ers for the original excavations, when possible, recreational divers and fishermen. Key
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collections are maintained at the University of Catania, the Paolo Orsi Museum in Siracusa,
and at the Superindence for Cultural and Natural Heritage of Siracusa.

We then surveyed by land and boat aided by historical aerial photographs from the 1966
collection of the Italian Military Geographic Institute and the Geological 1:250.000 map of Sic-
ily [55]; the 1:100.000 Geological map of the Southeast of Sicily [56], the 1:10.000 Regional
Technical Map [57] and the 1:50:000 Vulnerability of the Aquifer Map [58]. Our surveys tar-
geted four main areas (Fig 1). Along the coastline, we surveyed (a) ~16 km of continuous
coastline from Baia Arcile to Augusta both by land and by boat, with (b) the Santa Panagia
area of Siracusa surveyed by boat and underwater diving, and (c) a visit to Grotta Corruggi
along the SE shoreline of Sicily (Fig 1). Lastly, in the interior, we surveyed the Serra Paradiso, a
valley at the upper reaches of the Gelso River where the site of Pedagaggi is located. Terrestrial
survey focused on the investigation of rockshelters and outcrops of Pleistocene terrestrial sedi-
ments (i.e., alluvial deposits); we also targeted Marine Isotope Stage 5.e (MIS5.¢e) (124-119
kya) beaches to quantify tectonic uplift of the modern Siracusa coastline and thus aid in our
recovery of submerged deposits, as present rates for the eastern margin of the island are based
on only two measured sites [59, 60]. Our marine survey included boat and diving reconnais-
sance of the same coastline covered during land surveys so to provide new data on partially
submerged and submerged caves as well as the presence and conservation of submerged paleo-
sols. To identify submerged anthropogenic sediments, we followed the protocol described in
Ogloblin Ramirez et al. [61].

Located sites were mapped (Fig 1 and S1 Table), and in the case of Campolato Sud A,
assessed using surface axial seismic tomography to better understand the depth of sediment
and buried stratigraphy, therefore the potential for future excavation [62, 63]. Acquisitions
and processing were conducted in collaboration with the team of Ceratonia Geophysics. The
modeling involved the preliminary inversion of the data through different algorithms, chosen
mainly according to the geological characteristics of the investigated area; the final models
obtained derive from the inversion according to Occam’s algorithm [64, 65].

Fourier transform infrared spectroscopy (FTIR) was done to describe the mineralogical
composition of sediments with the intent of identifying anthropogenic signals such as heated
clay [e.g. 66]. Infrared spectra were collected using the KBr method in transmission mode
between 4000 and 400cm-1 using a Nicolet iS5 (Thermo Scientific) spectrometer and analyzed
with OMNIC 9.3 software. Phytoliths analysis from collected sediments was done following
Katz et al. [67]. All sediment was sieved through a 2 mm mesh for the recovery of artifacts.

Lithic analysis

Our analysis of retouched tools followed the system of Laplace [68-70] because of its wide use
in Italian Epigravettian studies, with cores classified using a simple system that takes into con-
sideration the number of surfaces from which flakes were removed, and the orientation of
flake removals on those surfaces (single surface unidirectional cores, single surface bidirec-
tional cores, and multi-surface/multi-platform cores). Metric data focused on the weight and
maximum linear dimensions of tools, cores, and flakes. These data were then used to assess the
degree of winnowing or loss of material using the comparative approach of Schick [71, 72].
The frequency of retouched pieces to cores and flakes per cubic meter of excavated volume
was used to assess occupation intensity and landscape patterns following Barton and Riel-Sal-
vatore [73]. Raw material types were assessed visually (aided by a 10x magnification) and the
presence of cortex noted, for comparison with known or potential geological sources, espe-
cially for chert and quartzite [74-76]. As quartzite is not present on the Hyblean Plateau and
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must therefore have been transported to sites within it, we use ratios of chert: quartzite
retouched pieces to assess material transport and curation.

Results
Terrestrial survey along the coast

We recorded ~20 mid-to-Late Pleistocene sites identified and/or excavated between the 1870s
and the 1960s along the coastal margin between Augusta and Siracusa, including six partially
submerged caves, shown in Fig 1C and S1 Table. While several of the relocated caves still con-
tained sediments, most bore evidence of severe recent human impacts as well as bioturbation.
The most drastic of these is Cozzo Telegrafo [77], a cave that was repurposed asa WWII bun-
ker and had all its sediment deposits removed, although we did find several lithic artifacts
eroding downslope from the cave openings. Two sites, the Campolato 3 cave [54, 77, 78] and
Acquasanta rockshelter [53], contained evidence of almost complete archaeological excava-
tion, with no clear evidence for remaining intact deposit. Campolato 1 cave and the collapsed
Campolato rockshelter [77-80] were relocated. Campolato 1 includes a thin (~20-30 cm
thick) deposit containing lithic artifacts attributed to the Epigravettian, whereas the rockshelter
apparently includes low-density lithic artifacts and fossil fauna from the UP to Roman times
and was only minimally tested by Russo [54, 78, 80]. We prioritized two sites that we consider
worthy of further study: the rockshelters Campolato Sud A [81] also known as Vallone Amara
Nord 3 [54], and Corruggi [82].

Campolato Sud is a cave complex (Fig 3A) ~30 m from the Ionian Sea near Augusta com-
posed of at least six caves and one rockshelter, part of the Vallone Amara Nord complex of
Russo [54]. We focus on Campolato Sud A of Guzzardi [81], also known as Cave 6 of Russo
[54]. The rockshelter is small (~17 m deep and 7 m wide) (Figs 2 and 3), with intact red silty
deposits visible in the interior of the shelter and in front of it, which contains blocks suggesting
recent roof collapse (Fig 3). Russo [54, 78] identifies lithic artifacts he attributes to the Epigra-
vettian eroding from the front of the shelter. The brief report of Guzzardi [81] indicates explor-
atory excavations at the site to a depth of 1 m that are still visible (Fig 3), with abundant
artifacts and faunal assemblages that are rich in deer. We conducted surface axial seismic
tomography along two survey lines starting from the outside of the cave and converging at the
back wall, one of 25 m with 24 geophones at 1 m interval, and a second of 13 m with 12 geo-
phones (Fig 4A). Analyses of the velocity model allows to distinguish 3 main seismo-strati-
graphic layers (Fig 3C and 4B), listed below in stratigraphic order:

+ 0.1 < Vp < 0.4/0.6 km/s; low-velocity surface layer, probably consisting of silty sandy
matrix soil with pebbles/rock fragments; thickness approx. between 0.0 and 2.0 m;

» 0.4/0.6 < Vp < 1.0/1.2 km/s; intermediate layer, probably consist of blocks in a granular
matrix and/or portions of altered/disintegrated rock mass; thickness approx. between 0.3 and
3.5m;

» Vp > 1.0/1.2 km/s: third layer consisting of rock mass probably in place.

To further assess preservation of surface sediments and possible impact of erosion and bio-
turbation on the remaining talus sediments we opened a 50x50 cm test trench on the SE corner
of the old excavation. We sifted using a 2mm sieve and stopped excavating when we exposed
the intact profile and floor of the 1990s excavation at 45 cm below modern floor. No artifacts
were recovered from the sieves.

The near-shore (<50 m) cave of Corruggi (Fig 5), was discovered and partially excavated by
Orsi in 1898 and further excavated by Bernab6 Brea in 1945 [82]. The site is located on a lime-
stone terrace in the southernmost part of Sicily’s eastern coastline, facing the LGM land-bridge
that would have connected Sicily to Malta. The lithic assemblage from Bernabo Brea’s

PLOS ONE | https://doi.org/10.1371/journal.pone.0299118 October 9, 2024 10/27



PLOS ONE The Early Occupation of Sicily

Fig 3. A) aerial view of Campolato site complex; B) view of Campolato Sud A and B note the red sediment in the cave; C) view SE from the cave note the
proximity to shore.

https://doi.org/10.1371/journal.pone.0299118.g003

excavation was studied by Laplace [68], who attributed it to the late Epigravettian, although
Martini et al. [15] caution that the Epigravettian layers may have been mixed with overlying
ones during excavation. The fauna, studied by Villari [28], does include E. hydruntinus

(Table 2), generally considered extinct by the early Holocene and thus supporting a Pleistocene
age for portions of the deposit. In contrast to the other sites we catalogued, the location of this
cave was known, however assessment of the remaining sediments had not been carried out.
Although most sediments were removed during past excavations, we identified about 2 m* of
intact sediment that still remains below the collapsed shelter’s roof (Figs 4B, 4C, and 5A), as
well as intact talus deposits (Fig 5C), eroding out of which we observed several chert bladelets
and equid teeth identified as E. cf. hydruntinus (Fig 5D). Per descriptions of past excavations
and our survey we believe that the talus of the cave still contains intact sediments that have
been minimally impacted by erosion or bioturbation.

Terrestrial survey of the interior

Survey of the interior focused on the Serra Paradiso, a valley formed near the head of the Gelso
stream and site of an important freshwater spring (Fontana del Paradiso), ~20 km inland at an
elevation of ~300 m asl (Fig 1C). We focused on this valley because it contained the site of
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Fig 4. A) Plan view of the Campolato Sud A cave showing the position of 1990s trench and the 2023 test trench. Black lines note the placement of sensors for
St01 and 5t02, dotted line signals the dripline. B) St01 P waves velocity model (in Km/s; RMS error = 4.11%); dashed black lines shows probable seismo-
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https://doi.org/10.1371/journal.pone.0299118.g004
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Fig 5. A) view of Corruggi from NE; B) unexcavated area under collapse; C) View SE; D) equid teeth recovered from talus during survey.
https://doi.org/10.1371/journal.pone.0299118.9005

Pedagaggi, an important, if undated Epigravettian assemblage with a detailed typological anal-
ysis of the retouched stone tools [83] and a taxonomic assessment of the recovered fossil fauna,
which, like Corruggi, included the extinct E. hydruntinus [27]. However, the site was excavated
as a single ~50-cm-thick stratigraphic unit, and concerns remained about the mixing of for-
merly discrete layers and the age of the site [15]. Our objective was to relocate the site, assess
and describe the sedimentary sequence, and to attempt to date the site by radiometric meth-
ods. However, the publications provided almost no details on the location of the site (beyond
basic dimensions of the shelter), and neither the size nor method of excavation was described.
Indeed, the original excavator (Di Geronimo, now >80 years old), had no recollection of the
work when interviewed.

Although the Gelso valley has numerous shelters (most with Neolithic to Bronze age depos-
its) [83-85], we were able to use archival photographs taken during the initial excavation,
housed at the Superintendence offices in Siracusa, to relocate the site. Fig 6 shows a side-by-
side comparison of the archival photos of Pedagaggi with those taken in 2023. While we were
able to locate the site, our own trial excavation confirmed our initial impressions upon arrival
that the site had been completely excavated in the past. We were able to estimate the size of
their excavation (~12 m?). Our sieving of the backdirt and fill using 2 mm mesh resulted in the
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Fig 6. Side by side comparison of 1964 archival photographs of the first discovery of the cave of Pedagaggi and modern pictures showing the cave
location today. Note the vegetation that covers the entrance completely rendering the cave almost impenetrable and very difficult to spot from the valley.

https://doi.org/10.1371/journal.pone.0299118.g006

recovery of multiple fossils and artifacts, including complete flakes <3 cm in maximum
dimension. This has important implications for understanding the post-depostional history of
the lithic assemblage collected in the 1980s, as detailed below.

Also visible in the Gelso stream is a~20-m-thick sequence of fluvial and lacustrine sedi-
ments. The age of these deposits is unknown, but they have the potential to provide a key
paleoenvironmental archive for the assemblage.

Coastal survey by sea and underwater. The underwater survey located four submerged
caves (one with an intact paleosol), a second intact paleosol, hyena coprolites, and one partially
submerged cave, Grotta della Seggia (S2 Table) (Figs 1 and 7). Although no artefacts were
recovered from the underwater sites (with the exception of reworked pottery sherds inside one
of the submerged caves), we identified the presence of well-preserved palaeosols, which we
define as an old soil that has no chemical or physical relation to its modern contextualized
environment, that are promising for our future reconstruction of the now submerged land-
scape, and for the chances of finding submerged Palaeolithic sites. Similar palaeosols contain-
ing archaeological remains have been identified in Israel [86] and other regions of the world as
United Kingdom [87] or Argentina [88].

Grotta della Seggia (Fig 7) is part of six sites first found >150 years ago [32] and neither
explored nor documented since, whose precise locations had been lost. The Grotta della Seggia
has three levels indicating multiple stages of formation. The second and middle level contains
a terrestrial palimpsest that develops in three chambers and is divided into four sedimentary
layers (Fig 7D). The lowermost of these layers contains Middle-Late Pleistocene (pre-LGM)
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Grotta della Seggia

Holocene deposits

Fig 7. A) submerged cave containing paleosol deposits; B) example of paleosol deposit C) coprolites found in Pleistocene deposits in Grotta della Seggia; D)
eroded prolife of sediments in Grotta della Seggia dated to MIS5.e to the Crusader period thanks to fossils and anthropogenic material (e.g. pottery and
obsidian blades).

https://doi.org/10.1371/journal.pone.0299118.9007

fossils of Cervus elaphus and Palaeoloxodon mnaidriensis and hyena coprolites, while the
uppermost contains Holocene-aged artifacts (e.g., obsidian blades, pottery) attributed to the
Neolithic (Stentinello) period, with a bronze coin indicative of even more recent ones.
Although lacking Upper Paleolithic material, we used Grotta della Seggia as a model to begin
to develop and refine our analytical methods. Loose bulk samples were collected from each
layer within the first chamber (S3 Table). The sediment samples were analyzed using FTIR and
phytoliths concentrations were quantified.

The FTIR analyses of the sediment layers show peaks of clays, carbonate hydroxylapatite
and quartz. The upper portion of layer 1 in contact with the black crust lacks the presences of
peaks at the hydroxyl groups at the 3600cm ™" region usually an indication of heat alteration,
however, we note the lingering presence of the peak 912cm™ (Fig 8). To assess the possible
presence of human controlled fires in these sediments we will complete micromorphological
and FTIR microspectroscopy to detect presence/absence of heating above 500°C [89, 90]. Pres-
ence of heating right above the mid-Pleistocene faunal remains likely implied human use of
the cave. Overall, we note that phytoliths concentrations are too low (between 0.20 and 0.60
million phytoliths per gr of sediment depending on the layer) to accomplish morphological
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Fig 8. Spectra of layers identified within the first chamber. a) Layer 1. Noted the presence of calcite in contract with Layer 3 (d). b) Contact between Layer 1
and Layer 2. Note the lack of hydroxil peaks around the 3600cm ' and the shift of the main peak of the silicates to a higher number 1035cm ' in comparison to
(a). c) Layer 2 has a very similar composition than (b). d and e) Layer 3 and 4 composed of unheated clay and quartz.

https://doi.org/10.1371/journal.pone.0299118.9008

identifications with the protocol adopted. However, the majority of the phytoliths that were
observed had poor preservation with indications for dissolution (Fig 9A) [91]. The presence of
quartz noted in the FTIR was confirmed preparing grain mounts of the sediment indicating
that the layers could be dated using optically stimulated luminescence (OSL) in the future

(Fig 8B).

Shoreline uplift estimates

To help quantify uplift in the area we surveyed the coastline for remnants of MIS 5e beaches
(Fig 10 and S4 Table). To date them we used the presence of fossil fauna and malacofauna.
Starting from the already identified MIS 5e beach [3, 59, 60], we surveyed the coastline of the
region north of Augusta and identified three additional beach deposits that can be traced for
~1.5 km containing the Senegalese Guest gastropod Thetystrombus latus (= Strombus bubo-
nius) and other index fossils of Sicily. One beach deposit contains elephant remains (femur
and tusk). From the size of the femur and the curvature of the tusk we identify this as a possible
P. mnaidriensis, consistent with an MIS 5 age [19]. Our new observations show these beach
deposits present at elevations between 6 and 16 meters above sea level (asl) for the area of
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a)

250 ym

Fig 9. Grain mount observations: a) Long cell phytolith with an unclear morphology probably due to dissolution of opal due to high alkaline conditions [91].
b) Two sub-angular silt grains of quartz found within Layer 1, the lowest level.

https://doi.org/10.1371/journal.pone.0299118.9009

A

Fig 10. Paleobeaches with associated fossils dated to MIS5.e.

https:/doi.org/10.1371/journal.pone.0299118.g010
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Augusta (a complete study including postdepositional processes of deposits will follow). Such
data are essential for accurate reconstructions of ancient, now submerged shorelines. Our
observations reinforce those of Antonioli et al. [3], while highlighting the value of surveying
this region in search of coastal Paleolithic sites, as rates and amount of uplift vary across the
island. Thus, the SE corner of Sicily is a promising area for the identification of submerged
prehistoric sites.

Reanalysis of museum collections

We reexamined lithic material from the site of Pedagaggi stored at the Paolo Orsi Museum of
Siracusa and at the Museum of Paleontology of the University of Catania. The material from
the Paolo Orsi Museum consists only of the 11 artifacts collected by M. Mentesana during the
initial discovery of the site and described by Bernabo Brea [83]. The collection from the Uni-
versity of Catania, is more significant, and substantially larger (n = 4,442). Di Geronimo et al.
[84] provide a comprehensive analysis of the retouched tools following the system of Laplace.
We focused on issues of site formation processes, lithic technology, raw material procurement,
and site use. Our initial results, reported here, draw largely from published data [83]. A com-
plete reanalysis, including geochemical sourcing, is still ongoing.

We examined 2,538 pieces of unretouched flaking debris (a 69% sample of the published
total), collecting size data according to the methods of Schick [71, 72], where pieces are binned
according to 1-cm size classes. The assemblage is dominated by pieces between 2—3 cm in max-
imum dimension (Fig 11), consistent with the interpretation that the archaeological collection
is the result of on-site artifact production and has been minimally disturbed by post-deposi-
tional processes. Experimental core reduction has shown that in fact, pieces < 1 cm in maxi-
mum dimension are the most abundant, but the amount recovered archaeologically varies
depending on the size of the mesh used. We sieved backdirt and fill from the late 1970s-early
1980s excavation at Pedagaggi using 2 mm mesh, and recovered hundreds of flake fragments
as well as complete flakes with dimensions < 1 cm. From this, we infer minimal post-deposi-
tional loss of lithic material prior to excavation.

Consistent with the application of the Laplace typology, Di Geronimo et al. [84] did not
provide details on the cores, which can provide important insights on the technological
approaches to flake production. The cores (n = 69) (Fig 12A-12C) are generally small (41.0
49.9 cm in maximum dimension) and consist largely of those flaked unidirectionally or bi-
directionally on a single surface (n = 49) for producing laminar blanks (blades or bladelets),
and multi-surface/multi-platform and other types (n = 20) for the production of flakes. While
classified as tools, some of the burins may have been used primarily for the production of
small bladelets (spalls), as suggested by others elsewhere [92].

In terms of raw material, the assemblage is dominated by chert of a variety of different col-
ors, textures, and inclusions (n = 1,625), with rare quartzite (n = 22) and a single piece of vesic-
ular lava. The abundance of cortical pieces is high, with cortex present on >25% of the
assemblage. The sources of the raw material are unknown but are almost entirely non-local.
The valley itself drains outcrops of basalt and limestone without chert based on inspection of
the relevant geological maps and our own extensive targeted and random sampling of cobbles
in Gelso stream immediately below the site. These surveys yielded several pieces of very fine-
grained basalt; experimental knapping demonstrated the utility of this locally available raw
material, yet none of it is present in the excavated assemblage. The source of the chert is
unknown, but the nearest known sources are the Leonardo Member of the Ragusa Formation
and in the Amerillo Formation, both of which crop out near the town of Monterosso Almo
[56], ~20 km from Pedagaggi. Our brief survey of the chert from these sources suggests that it
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Fig 11. Comparison of the Pedagaggi debitage size distribution to Schick’s [71, 72] experimentally derived assemblage. Pedagaggi artifact counts are listed
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https://doi.org/10.1371/journal.pone.0299118.g011

occurs in a range of colors and textures, many similar to those found at Pedagaggi, but defini-
tive geochemical or other means of uniquely identifying particular chert sources in Sicily
remain inconclusive [cf. 74, 75] and our own study is just beginning. Importantly, the chert
sources near Monterosso Almo are drained by streams that flow away from Pedagaggi, on the
other side of a major divide within the Hyblean Plateau. This makes it unlikely that closer sec-
ondary sources (e.g., as stream clasts) would have been available to the occupants of
Pedagaggi.

Quartzite outcrops are not present in the Hyblean Plateau, but secondary sources are likely
available as stream clasts in drainage basins at >40 km north of Pedagaggi. Data from Peda-
gaggi and other sites suggest declining frequency of this material as one moves away from
areas where quartzite is present, which tend to be greatest in the northeastern part of the
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Fig 12. Lithic artifacts from Pedagaggi (all chert). (a) unidirectional core; (b) bidirectional core; (c) multi-surface/multi-platform
core; (d-e) endscrapers; (f) burin; (g-h) backed points. Artifacts d-h redrawn from Di Geronimo et al. (1981-1992) [84]. Drawn
using a modified version of the STIVA method [93].

https://doi.org/10.1371/journal.pone.0299118.9012

island. Table 3 summarizes our own data from Pedagaggi with published information from
other sites. We use a ratio of quartzite to chert tools because data for tools (retouched pieces)
are generally available, and we assume a least-effort model where more local raw materials will
be predominant at a site. The data suggest a decline in abundance from areas in the northeast-
ern part of Sicily where quartzite is abundant, as at San Teodoro [76] where quartzite tools out-
number chert ones, to lower ratios at sites near the margin of the Hyblean Plateau (Pedagaggi
and Capo Campolato 1), to an absence of quartzite at sites far from the margin (Corruggi).
These data give some sense of the scale of artifact transport among these Epigravettian sites in
southeastern Sicily.

Table 3. Published flint and quartzite tool and debitage counts. Sites ordered by geographic location on the island (equally but arbitrarily divided into four quadrants)
with references.

Site Location Chert Tool Count Quartzite Tool Count Chert: Quartzite Tools Source
Uccerie, Inferior NwW 136 0 1: 0 [15]
Uccerie, Superior NwW 67 0 1:0 [15]
Levanzo, III NW 116 0 1:0 [94]
Levanzo, IT NW 69 0 1:0 [94]
d’Oriente NwW 73 0 1: 0 [15]
San Teodoro, Inferior NE 798 458 1: 0.6 [14]
San Teodoro, Superior NE 183 599 1:3 [14]
Pierre Sottano, VI SE 22 13 1: 0.6 [95]
Cafici, ITT SE 227 1 1: 0.004 [96]
Campolato 1 SE 187 29 1:02 [53]
Pedagaggi SE 572 9 1: 0.02 Data collected by the authors
San Corrado SE 293 0 1:0 [97]
Giovanna SE 151 0 1: 0 [15]
Fontana Nuova SE 108 0 1:0 [33]
Corruggi SE 647 0 1:0 [83]

https://doi.org/10.1371/journal.pone.0299118.t003
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Lastly, we estimated the artifact volumetric density for Pedagaggi, using the published lithic
count data (761 retouched pieces and 3,681 pieces of flakes, flake fragments, and cores) and
our estimate of the excavation size (6 m®) based on our rediscovery of the site itself. Based on
these data, the relative frequency of tools is 20.7 and the artifact volumetric density is 613.5
artifacts/m>. Based on comparative data compiled in Heffter [98] for other European Upper
Paleolithic sites, the relative frequency of retouch is high and the artifact volumetric density is
low. This pattern is consistent with assemblages produced by highly mobile groups [73, 99],
and may in part explain the use of stone raw materials from non-local sources.

Discussion and conclusions

Our current understanding of human dispersal into Sicily relies on a limited number of scien-
tifically analyzed sites concentrated on the northern shore of the island. The paucity of data
hinders our reconstructions of timing and means of human arrival and dispersal throughout
the island (and to neighboring areas such as Malta) and limits our understanding of Sicilian
paleoenvironments and the impacts of humans on them, whether by overhunting, landscape
alteration through burning, or other means. The Early Occupation of Sicily (EOS) project was
started to increase our understanding of Late Pleistocene human communities and environ-
ments on Sicily by focusing on the southeastern portions of the island. The EOS project
remains in its initial stages, but aims to increase our understanding of the early human coloni-
zation of the Mediterranean islands by enlarging the small sample of well-studied and securely
dated sites, including those now underwater that likely included areas preferentially selected
for occupation by Late Pleistocene humans.

While we are still in the early stages of the project, we have shown the potential for re-
examining historical and archival records in search for sites located, often by avocational
archaeologists, which are usually excluded from syntheses of the prehistory of Sicily. Our
fieldwork has identified and assessed over 40 sites of interest of which ~17 have been relo-
cated from older identifications, listing for the first time, exact locations for each one. Two
of these sites (Campolato Sud A and Corruggi) have the potential of containing Upper
Paleolithic (Epigravettian) occupation traces, including fossil fauna, which are targeted for
future excavation. We relocated an additional site (Pedagaggi), and while we determined
that the site had been completely excavated in the past, were able to estimate the size of the
past excavation and to recover important behavioral information by fine-sieving the back-
dirt and fill.

EOS incorporates a perspective that combines both the land and the sea. We therefore
expanded our search to also include submerged paleocoastlines, identifying submerged and
partially submerged caves, some of which preserve fossil or artifact-bearing sediments and
paleosols, although none yet that match the age of the sites found during our on-land surveys.
Our sea survey proves good preservation of submerged and partially submerged Pleistocene
sediments and sites in the area between Brucoli and Siracusa proper, promising data for fur-
ther exploration of the submerged coast, with ongoing development of methods for the analy-
sis and interpretation of the formation and subsequent alteration of sediments in submerged
and partially submerged caves. Finally, our analysis of the Epigravettian lithic assemblage from
Pedagaggi is the first step in the re-evaluation, curation, and publication of forgotten collec-
tions. Our results suggest that the majority of the lithic assemblage is preserved, that core
reduction was oriented toward the production of blades and bladelets and was likely produced
by highly mobile foragers relying on non-local sources of stone. Building on these data
requires an expanded data set for comparison, something we look forward to doing in the near
future.
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(DOCX)
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