
Abstract. The loggerhead turtle Caretta caretta is an endangered cosmopolite pelagic species oc-
curring in temperate, tropical and subtropical seas. The species is known to nest along the east-
ern Mediterranean coasts, including Italy, where nesting sites are reported for some localities of 
Calabria and Puglia, for Sicily and for Linosa and Lampedusa islands. Focusing on the need of 
identifying new nesting sites of Caretta caretta along the Italian coasts, we produced a suitabil-
ity model for potential nesting areas of the species along 38 km of the Adriatic coast of Molise. 
A GIS expert based model was developed on the basis of five environmental variables concern-
ing geomorphology, vegetation cover, and habitat disturbance factors. The results of the analysis 
indicate the persistence of a continuous suitable stretch 2850 m long in the southern portion of 
the coast of Molise, while in the northern portion only fragmented tracts of potential nesting 
areas were found. All the identified stretches suitable for nesting occur within two Sites of Com-
munity Importance. Field investigations are strongly recommended in the areas identified in 
this paper in order to ascertain actual nesting of Caretta caretta, to validate the GIS expert based 
model, and to improve the model itself for further investigations concerning potential/actual 
nesting sites of Caretta caretta in other Mediterranean sandy shores. 
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INTRODUCTION
	 The loggerhead turtle, Caretta caretta (Linnaeus, 1758), is a cosmopolitan pelagic species 
occurring in temperate, tropical and sub-tropical marine areas (Pritchard & Mortimer, 1999). 
Caretta caretta is worldwide threatened and is listed as Endangered (EN, A1abd) by IUCN 
(2012). It is one of the most endangered vertebrate species in Italy, where it is considered as 
Critically Endangered (Capula, 1998; Giacoma et al., 2011). Being a species of high conser-
vation interest, it is listed in the annexes II and IV of the Habitat Directive 92/43/CEE, in 
the Appendix I of the Convention on International Trade of Endangered Species (CITES), in 
the Appendix I of the Bonn Convention (1979), and in the Annex II of the Bern Convention 
(1979). Like other sea turtle species, Caretta caretta is particularly susceptible to population 
declines because of its vulnerability to anthropogenic impacts during all life-stages. The main 
threats to the species include incidental bycatch in marine fisheries, habitat degradation and 
habitat disturbance by humans at nesting beaches and feeding areas, intentional killing and 
exploitation, and marine pollution (Gerosa & Casale, 1999; Panou et al., 1992; Balletto et al., 
2003; Giacoma et al., 2011).
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	 Based on mtDNA analyses several authors have shown that the Mediterranean Sea hosts 
loggerhead turtle populations which are genetically differentiated from the Atlantic ones, and 
the Mediterranean aplotipes are limited to a low number of interbreeding colonies (see e.g. 
Bowen & Karl, 2007). This evidence clearly indicates that the Mediterreanean populations are 
of particular conservation relevance (Bowen et al., 1993; Laurent et al., 1993; Schroth at al., 
1996; Giacoma et al., 2011).
	 In the Mediterranean basin nesting areas of the species are known especially along the 
eastern coasts (Greece, Turkey, Cipro, Syria, Israel, Egypt, Italy). In Italy the loggerhead tur-
tle is known to nest on Linosa and Lampedusa islands (Pelagie Archipelago), and in some lo-
calities along the coasts of Calabria, Apulia (southern Italian Peninsula) and Sicily (see Ballet-
to et al., 2003; Scaravelli & Tripepi, 2006; Marzano et al., 2010; Mingozzi, 2010; Giacoma 
et al., 2011; Casale et al., 2012). According to Piovano et al. (2004), Mingozzi et al. (2007) 
and Casale et al. (2012) the number of nesting areas of Caretta caretta in Italy is probably un-
derestimated, and thus it would be necessary to carry out ad hoc investigations in suitable ar-
eas to get data on new potential/actual nesting sites, especially along the Adriatic coast of the 
Italian Peninsula. Following this suggestion and based on some field observations indicating 
the recent finding of many stranded adults of loggerhead turtle in some sites of the coastline 
of Molise (Capula et al., 2010; Affronte M., pers. comm..; Lucchese L., pers. comm.), we in-
vestigated the potential occurrence of nesting areas for Caretta caretta by analysing 38 km of 
sandy beaches along the Adriatic coast of Molise and by developing a suitability GIS model for 
Caretta caretta nesting sites. Suitability models or Species Distribution Models can be either 
deterministic, i.e. expert based, when a sufficient knowledge on the ecological requirements of 
a species in a given area are available, or inferential, when a sufficient number of occurrence 
data is available (Corsi et al., 2000; Boitani et al., 2002; Catullo et al., 2008; Rondinini & 
Chiozza, 2010). As the number of nesting sites in Italy would not offer a significant sample 
size to produce an inferential model (Boitani et al., 2002; 2008; Catullo et al., 2008; Rond-
inini & Chiozza, 2010), we produced an expert based distribution model on the basis of the 
available information regarding nesting areas of the loggerhead turtle in Italy. 

MATERIALS AND METHODS
Study area
	 The present investigation was carried out along the Adriatic coast of Molise, taking in-
to account all available data on landscape, vegetation and soil structure. Molise coastal line is 
38 km long, ranging from the mouth of the river Trigno to the mouth of the river Saccione, 
and 90% of it is represented by sandy beaches and coastal dunes. Most of the Molise coastal 
dunes of high conservation interest are currently included in the following Sites of Communi-
ty Importance (SIC): (1) Foce Trigno-Marina di Petacciato (SIC IT7228221); (2) Foce Bifer-
no-Litorale di Campomarino (SIC IT7222216); (3) Foce Saccione-Bonifica Ramitelli (SIC 
IT7222217).

Experimental protocol 
	 The distribution model for the suitability of nesting areas of Caretta caretta along the 
Adriatic coast of Molise was produced within a GIS environment, by combining a series of 
fine scale thematic layers (1:5000) produced ex-novo to describe the distribution of environ-
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mental factors which are known to affect positively or negatively nesting of the loggerheads. 
Layers were produced through visual interpretation of recent digital high resolution (0,5 m) 
color ortophotos (2007 flight), which were kindly provided by the Italian Dipartimento della 
Protezione Civile, using ESRI.ArcGis10. Each cartographic element (point, line or polygon) 
which was considered to have either a negative or positive effect on loggerheads nesting sites 
was buffered based on the radius of its influence on the surrounding landscape (Witherington 
& Martin, 2000; Scaravelli & Tripepi, 2006). Then, a suitability value ranging from 0 (not 
suitable) to 1 (suitable) was assigned to each buffer area. Each layer was then filtered follow-
ing a dichotomic process as shown in Fig. 1. According to Scaravelli & Tripepi (2006) fine-
grained sand substrates located ~10-15 m from the shoreline are usually experienced by log-
gerheads as preferential nesting areas. Based on this evidence, a 30 m buffer was first drawn 
along the coastline, considering ~10 m of tide oscillation. The area inside the buffer was con-
sidered as suitable (value 1), while the territory outside the buffer was considered unsuitable 
(value 0) (see Fig. 1). In a second step, the non-sandy areas within the buffer (i.e. estuary, 
eroded coast, gravels, rocks) were considered unsuitable and excluded from further analysis. 
Anthropogenic disturbance was evaluated by considering two factors:
1)	 light pollution, which is known to interfere with visual orientation during the seafinding 
of hatchlings (Salmon et al., 1995; Witherington & Martin, 2000);
2)	 noise disturbance.

	 To introduce the above mentioned disturbance factors in the distribution model, a 100 
m buffer of unsuitable areas was drawn around the urban areas because of their intense light 
pollution. Moreover, in order to include the effects of noise on the distribution of potential 
loggerhead nesting sites, a non suitable buffer of 50 m was drawn around human buildings 
and parking areas; in addition, a non suitable buffer of 30 m was drawn also around the sub-
urban roads.

Fig. 1 – Schematic representation of the procedure for modeling the potential nesting areas of Caretta caretta along 
the Adriatic coast of Molise (see Materials and Methods for detailed explanation).
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RESULTS
	 Figure 2 shows the distribution of potential nesting areas for Caretta caretta along the 
Adriatic coast of Molise resulting from the GIS expert based model analysis. The highly suit-
able areas - which can be defined as optimal habitats - occur on six kilometers of the coastline 
only, while the rest of the regional coastal territory resulted to be not suitable. The suitable ar-
eas are divided into seven sectors, which are included in two Sites of Community Importance: 
Foce Trigno-Marina di Petacciato (SIC IT7228221), and Foce Saccione-Bonifica Ramitelli 
(SIC IT7222217).
	 The length of each suitable sector varies from a minimum of 300 m to a maximum of 
2850 m. In the northern portion of the coast (SIC Foce Trigno-Marina di Petacciato) only 
fragmented tracts of suitable nesting areas were found. The total length of these areas is 3232 
m. At the SIC Foce Saccione-Bonifica Ramitelli (southern coast of Molise) the distribution 
of potential nesting areas is concentrated in a single, very interesting site 2850 m long, which 
is close to the mouth of the river Saccione (see Fig. 2). However, it must be noted that at this 
SIC a recent process of marine erosion is damaging the whole coastal line (see Iannantuono, 
2002; Aucelli et al., 2003).

Fig. 2 – Suitable nesting areas for Caretta caretta along the Adriatic coast of Molise. The perimeters of the Sites 
of Community Importance (Foce Trigno-Marina di Petacciato; SIC IT7228221; Foce Biferno-Litorale di Cam-
pomarino, SIC IT7222216; Foce Saccione-Bonifica Ramitelli, SIC IT7222217) are also indicated. The thickness 
of the suitable areas is shown out of scale to allow better viewing.

Suitable

SIC
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DISCUSSION 
	 Our data clearly indicate that some potential nesting areas for Caretta caretta still persist 
along the Adriatic coast of Molise, fulfilling the need to correctly orient the monitoring efforts 
on Caretta caretta in Italy (see Piovano et al., 2004; Mingozzi et al., 2007) and providing a 
better estimate method to recognize potential/actual nesting sites of the species. The sites iden-
tified via GIS expert based model analysis are characterized by a very reduced surface (no more 
than 6 km out of 38 km of the Molise Adriatic coastline) and, in addition, are threatened by 
human activities and by marine erosion processes in action. These evidences indicate that the 
coastal areas of conservation interest identified in this paper are in need of urgent protection 
measures primarily aimed to reduce the process of marine erosion and human disturbance 
(light and noise pollution). In this respect it must be noted that the potential nesting sites for 
Caretta caretta are located in two Sites of Community Importance and are the last stretches 
of natural pristine landscape occurring along the Adriatic coast of Molise (see e.g. Carranza et 
al., 2004; Di Iorio et al., 2005; Izzi et al., 2007; Stanisci et al., 2007). Although the presence 
of physically suitable beaches for nesting detected by beach surveys does not always indicate 
the effective occurrence of nesting (see e.g. the suitable beaches found in Albania and in the 
southern coast of Croatia, where no sea turtle tracks or nesting activity were recorded to date; 
Casale & Margaritoulis, 2010), based on the results provided in this paper field investigations 
in the areas identified as potential nesting sites are needed and strongly recommended in order 
(i) to ascertain actual nesting of Caretta caretta in Molise, (ii) to validate the GIS expert based 
model and the robustness of our hypothesis, and (iii) to improve the model itself for further 
investigations concerning potential/actual nesting sites of Caretta caretta in other Mediterra-
nean sandy shores. 
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RIASSUNTO
	 Identificazione di aree potenziali di ovodeposizione di Caretta caretta lungo la co-
sta del Molise mediante modelli di idoneità ambientale
	 La Tartaruga comune Caretta caretta è una specie pelagica a distribuzione cosmopolita 
attualmente in pericolo di estinzione. Nel bacino del Mediterraneo le aree note di nidificazio-
ne della specie sono distribuite prevalentemente lungo le coste orientali, inclusa l’Italia. Nel 
nostro Paese i siti di ovodeposizione sono attualmente noti in alcune aree della Calabria, del-
la Puglia e della Sicilia e per le isole di Lampedusa e Linosa. Al fine di individuare nuovi siti 
di nidificazione di Caretta caretta lungo le coste italiane, nel presente lavoro è stato prodotto 
un modello di idoneità ambientale analizzando le caratteristiche dell’intera costa adriatica del 
Molise (38 km). Il modello è stato sviluppato in ambiente GIS, utilizzando un approccio de-
terministico (expert based) e prendendo in considerazione cinque variabili ambientali: la ge-
omorfologia (tipologia di substrato e distanza dalla linea di costa), la vegetazione presente e i 
fattori di disturbo antropico (inquinamento luminoso e tipologia delle infrastrutture presenti 
sulle spiagge). Sulla base di questa analisi è stato possibile identificare due aree potenziali di 
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nidificazione di Caretta caretta: la prima, sita nella parte meridionale del Molise, è costituita 
da un tratto continuo di costa lungo 2850 m, mentre la seconda, posta nella parte settentrio-
nale della regione, consta di 6 aree frammentate e contigue, lunghe complessivamente 3232 
m. Tutte le aree risultate idonee si trovano all’interno di due Siti di Importanza Comunitaria 
(Foce Trigno - Marina di Petacciato, SIC IT7228221, Foce Saccione-Bonifica Ramitelli, SIC 
IT7222217). Al fine di (i) accertare se nei tratti di costa del Molise individuati nel presente 
lavoro avvenga o meno la nidificazione di Caretta caretta e (ii) validare il modello di idoneità 
utilizzato per le analisi (GIS expert based) sarà necessario compiere al più presto delle ricerche 
mirate ed approfondite nel corso del periodo riproduttivo della specie. 
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