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ABSTRACT

This study aims to update and establish a comprehensive list of nesting sites in Sicily and its minor islands, investigate the distri-
bution and environmental suitability of the loggerhead sea turtles' nesting in Sicily using spatial distribution models (SDMs), and
perform a gap analysis considering the protected area network in Sicily. Location: Sicily (Italy). Time period: 1979-2022. Data
on Loggerhead seaturtle's nests were collected through several sources, including literature, monitoring records from WWEF's
Progetto Tartarughe, reports from the local fauna haunting, online articles, referrals on websites and social networks often
related to monitoring activities. GIS was used to realize distribution maps. Bioclimatic indicators were downloaded through
Copernicus Climate Change Service. Predictors were eventually projected on the WorldClim's dataset. Suitability distribution
models (SDMs) were realized using the maximum entropy model (MaxEnt software). Caretta caretta's nests distribution map and
environmental suitability map were overlaid with the Natura 2000 sites map in Sicily. The results confirm that the main nesting
areas are mostly concentrated along the southern and eastern coasts of Sicily, with increasing numbers observed over recent
years. Additionally, global warming has made some beaches even more suitable along the north coast of the main island. The
variable affecting this species the most is the Mean Temperature of the Coldest Quarter (Bioll). Overlaying nesting distribution
and environmental suitability maps with Natura 2000 sites revealed significant portions of nests occurring outside protected
areas, highlighting the need for expanded conservation efforts.The demographic increase of nesting events in Sicily is induced by

a northward shift of the species distribution led by rising temperatures and probably due to climate change.

1 | Introduction

The loggerhead sea turtle, Caretta caretta (Linnaeus, 1758),
is the most common of the mediterranean sea turtles (Casale
and Margaritoulis 2010), and it has a cosmopolitan distribu-
tion, nesting in the widest geographical range of any sea tur-
tle. It inhabits the Atlantic, Indian, and Pacific Oceans and
the Mediterranean Sea. In the Mediterranean Sea, this species
has a wide nesting area along the coasts of Greece, Turkey,
Cyprus, and Libya, with minor breeding sites across Egypt,
Israel, Lebanon, Syria, and Tunisia, but also occasional nesting

concerning Spain, France, Italy, and their surrounding islands
(Casale et al. 2018).

The interest in loggerhead sea turtles in the Mediterranean,
particularly in Italy, has constantly increased during the last
four decades, and nesting sites were recorded on the coasts of
Sicily, Sardinia, Apulia, and the Ionic coasts of the Basilicata
and Calabria regions, where nesting is considered occasional,
except for the Ionic areas of southern Calabria and the Pelagian
Islands (Linosa and Lampedusa). As with every other sea tur-
tle species, loggerheads usually nest in specific areas, and nest
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counts represent the most common index of the population’s size
(Casale and Tucker 2015; Mazaris et al. 2017).

There has been a significant increase in the number of recorded
nests along the Italian shores over the years along with a growing
number of deposition sites in Sicily. On the island, together with
the increase of reported nests, the involvement of several coastal
areas in addition to the Pelagian Islands, where nesting has al-
ways occurred, is increasing (www.legambiente.it). Among the
living tetrapods in Europe, the loggerhead sea turtle is one of the
most protected under international agreements, national legisla-
tion, and directives: It is included in Annex A of the Convention
on International Trade in Endangered Species of Wild Fauna
and Flora (CITES), in Appendix II of the Bonn Convention, in
Annex II of the Barcelona Convention, in Annex III of the Berne
Convention, and in Annexes IT and IV of the Habitats Directive.

Loggerhead sea turtle is globally listed as Vulnerable (VU) in the
TUCN Red List of Threatened Species; the global population trend
is decreasing due to fragmentation, fluctuations, and a continuous
decline of mature individuals (Casale and Tucker 2017; IUCN),
while the Italian population is classified as endangered (EN) by
the TUCN Italian Red List (Rondinini et al. 2022). Loggerheads are
affected by several threats (Tomas et al. 2008; Casale 2010, 2011),
including the human-induced alteration of coastal environments,
the disturbance of the nesting sites, fishery, and pollution (Casale
and Margaritoulis 2010; Wallace et al. 2011).

The primary objective for the conservation of the species is to
identify, protect, and manage the nesting sites; to achieve this
goal, Special Areas of Conservation (SACs) have been established
in Europe. Nowadays, the species distribution models (SDMs)
are widely applied to understand various aspects of ecology, bio-
geography, and biodiversity conservation in order to investigate
the distribution of threatened species (Engler et al. 2004; Bombi
et al. 2009; Iannella et al. 2018) like the loggerhead sea turtle.

Therefore, the aims of this study are: (i) to establish and update
the list of nesting sites in Sicily and its minor islands; (ii) to inves-
tigate the Sicilian distribution and nesting suitability using spatial
distribution models (SDMs); (iii) to perform a gap analysis in a GIS
environment considering the protected area network in Sicily.

2 | Materials and Methods

The region of Sicily is located in the centre of the Mediterranean
Sea, and it is composed of the largest island of the Mediterranean
sea with an area of 25,711 km? and the surrounding 15 minor is-
lands, with an area of 285.4km?. The main island has a remark-
able coastline. Of the 1152km, approximately 550km (47.8%)
consist of beaches and/or dune environments divided into 99
coastal segments (Corine Biotopes code: 16.1 sea beaches and
16.21 Shifting dunes).

Specific data on nesting areas of loggerhead sea turtles were col-
lected through a bibliographic analysis, personal observations,
reports from the local Wildlife division or local people witnessing
the nesting events, referrals on websites and social networks often
related to monitoring activities (WWF's Progetto Tartarughe in
Sicily). Duplications (i.e., clutches laid by the same female) cannot

be excluded. After georeferencing, all the locations of nests were
analyzed by using GIS to realize distribution maps.

Many ecological models predicting the spatial distribution
of species have been developed. In order to define the suit-
ability species distribution model (SDM) of Caretta caretta in
the Sicily main island, therefore excluding minor islands, we
used the maximum entropy method implemented through
the MaxEnt software (Phillips et al. 2006, 2017; Phillips and
Dudik 2008), already used to assess the suitability of foraging
areas for Caretta caretta (Fujisaki et al. 2020). This method,
which has often been acknowledged as one of the best per-
forming modeling algorithms (Elith et al. 2006; Pearson
et al. 2007), unlike generalized linear models (GLMs) and
generalized additive models (GAMs), which need a real ab-
sence data, uses pure machine-learning techniques for mod-
eling species distributions from presence-only records (Elith
et al. 2006; Phillips et al. 2006; Merow et al. 2013). This per-
fectly fits our study case, as we are unaware of sites where this
species does not nest.

For the construction of the species distribution model pertain-
ing to the major island, we used the nesting records of Caretta
caretta spanning from 1979 to 2022 (included). The continuous
bioclimatic variables from 1979 to 2018, at a 30-s arc resolution
(original resolution ~1km? grid cell; average for 1979-2018)
were extracted from the Copernicus Climate Change Service's
Downscaled Bioclimatic Indicators database for the designated
regions (Wouters 2021). The 19 bioclimatic variables selected
from the Copernicus database correspond to those reported in
the WorldClim database (Table 1), in order to allow a compar-
ison over time.

The Copernicus dataset contains the average values of the bio-
climatic variables between 1979 and 2018. To avoid possible
multicollinearity of the 19 environmental variables within
the considered years, we performed a correlation test. We as-
sessed the degree of intercorrelation by computing pairwise
Pearson's correlation coefficient. Subsequently, we selected
the most important factors within pairs of variables with
Pearson |rl>0.85 and excluding the ones having less eco-
logical importance to the species based on its autoecology.
Strongly correlated variables were excluded to prevent obtain-
ing misshaped results. Therefore, weakly correlated environ-
mental variables were considered to estimate the percentage
contribution of each of them to the choice of nesting sites.
Five climate variables were selected: Bio05 (maximum daily
temperature of the month with the highest monthly mean of
daily mean temperature), Bio07 (maximum temperature of the
warmest month minus minimum temperature of the coldest
month), Bioll (the mean of monthly mean temperature during
the coldest quarter, defined as the quarter with the lowest
monthly mean (of the daily mean) temperature using a mov-
ing average of 3 consecutive months), Biol2 (annual mean of
the daily mean precipitation rate), and Biol3 (maximum of the
monthly precipitation rate).

To perform the MaxEnt model, several default parameters were
retained unchanged, such as a convergent threshold of 1073, a
maximum interaction value of 500, and a maximum of 10,000
randomly selected background points, as recommended by
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TABLE 1 | The dataset of the nineteen bioclimatic variables considered as candidate predictors (from Worldclim.org), with their codes and

explication.

BIO1 = Annual Mean Temperature

BIO2 =Mean Diurnal Range (Mean of monthly (max temp—min temp))

BIO3 =Isothermality (BIO2/BIO7) (* 100)

BIO4 =Temperature Seasonality (standard deviation *100)
BIO5=Max Temperature of Warmest Month

BIO6 =Min Temperature of Coldest Month

BIO7 =Temperature Annual Range (BIO5-BIO6)

BIO8 =Mean Temperature of Wettest Quarter

BIO9 =Mean Temperature of Driest Quarter

BIO10 =Mean Temperature of Warmest Quarter

BIO11 =Mean Temperature of Coldest Quarter

BIO12 = Annual Precipitation

BIO13 = Precipitation of Wettest Month

BIO14 = Precipitation of Driest Month

BIO15 = Precipitation Seasonality (Coefficient of Variation)
BIO16 = Precipitation of Wettest Quarter

BIO17 = Precipitation of Driest Quarter

BIO18 = Precipitation of Warmest Quarter

Note: BIO19 = Precipitation of Coldest Quarter.

previous studies (Phillips and Dudik 2008; Anderson et al. 2016;
Bargain et al. 2017). The predictive model was computed based
on 10 replicates for the “Regularization Multiplier” (RM) param-
eter value. We opted for an RM of 1 to balance data adherence
and model complexity and to minimize the risk of overfitting
(Phillips et al. 2017; Bargain et al. 2018). For the modeling evalu-
ations, we took into consideration the AUC values, the standard
deviation, the TSS mean, and the TH value.

To assess the potential impact of climate change on the presence
of nesting suitability sites for Caretta caretta, once the environ-
mental suitability model was obtained using the Copernicus
dataset, we projected the predictors onto the WorldClim dataset
(ver.2.1), containing the average values of the same variables,
relating to the period 1979-2000 (Fick and Hijmans 2017). This
was done to generate the corresponding environmental suitabil-
ity map for the species.

The loggerhead sea turtle's nests distribution map and envi-
ronmental suitability map were overlaid with the Natura 2000
sites map in Sicily, in order to establish how many nests fit into
Natura 2000 sites, including Special Protection Areas (SPAs)
and Special Conservation Areas (SACs).

3 | Results

Between 1944 and 2022, 498 egg depositions occurred in
the Sicilian Region (Prato et al. 2022; Table S1): 363 in Sicily

(Figure 1), and the remaining 135 in some of its smaller islands.
Specifically, 3 egg depositions involved the Eolian Islands (1 in
Panarea, 1 in Stromboli, and 1 in Lipari), and 132 the Pelagie
Islands (80 in Lampedusa and 52 in Linosa) (Figure 2).

The depositions observed in Sicily have included 99 coastal seg-
ments, with varying lengths spanning from 0.4 to 66km. The
majority of the sites are located along the entire southern coast,
extending northward along half of the eastern coast of the island
(Figure 3).

About the environmental suitability, according to the classifi-
cation of Swets (1988), the model of C. caretta obtained with the
Copernicus dataset (Figure 4) showed very good overall perfor-
mance (AUC =0.961; SD =0.011; threshold =0.13; TSS=0.832),
thus indicating high predictive power for nest deposition.

The bioclimatic variable with the highest gain when used in
isolation is the mean monthly temperature during the coldest
quarter (Bioll), with a contribution of 89% (Copernicus). This
suggests it provides the most useful information on its own. The
contribution of the other considered variables is considerably
lower (Table 2).

The resulting map, obtained from the elaboration of nesting
data, shows that the maximum value of the suitability estimate
(red) by MaxEnt for these areas is equal to 0.97 and how areas
of maximum suitability for nesting are mainly along the south-
ern coast of the island, especially the southernmost area, located

30f 10


http://worldclim.org

88

33

2626

FIGURE1 | Temporal distribution of loggerhead turtle's nests (n =363) recorded in Sicily (Italy) in the 1944-2022 period.
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FIGURE2 | Temporal distribution of loggerhead turtle nests (n=132) recorded in Pelagie Islands (Italy) in the 1975-2022 period.

east of the island. Maximum suitability is also remarkable on
the south-west coast, in the Sicilian Channel (from Mazara del
Vallo to Sciacca and Licata), and south of the Ionian slope (from
Catania's Gulf to Augusta). Specific areas with a high value of
suitability (orange) are displayed along the northern side of the
Ionian coast and along the Tyrrhenian coast of the island.

Figure 5 shows the model of the environmental suitability re-
alized by projecting the predictive functions obtained with

Copernicus onto the WorldClim dataset, which contains the an-
nual averages of the variables for the period 1979-2000. Once
again, it showed very good overall performance (AUC =0.963;
SD =0.011; threshold =0.164; TSS =0.904).

Even so, the bioclimatic variable with the highest gain when
used in isolation is the mean monthly temperature during the
coldest quarter (Bioll), with a contribution of 89.7%, and the
contribution of the other considered variables is considerably
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FIGURE4 | Suitability distribution areas of Caretta caretta in Sicily (dataset Copernicus 1979-2018).

lower (Table 3). These values are very similar to the ones ob-
tained in the Copernicus dataset (cfr. Table 2).

Figure 6 shows how the trend of the environmental vari-
able Bioll affects the Maxent prediction obtained with the
Copernicus and WorldClim datasets.

The maxent suitability map is only based on the occurrence of
deposition within the analyzed cells, regardless of the amount of
depositions in each of them. Connecting the suitability degree
of the cells in which the deposition occurred with the number
of depositions known, a significant correlation value emerged
(p=0.012).
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Comparing the suitability maps (Figures 4 and 5), it is possible
to underline how some areas were, at first, less suitable and re-
cently turned into more suitable sites for nesting, due to higher
temperatures reached in the latest years, which led to new depo-
sitions along the Tyrrhenian coast of Sicily (Figure 3).

Out of the 363 depositions that occurred in Sicily from 1944 to 2022,
169 of them affected 22 Natura 2000 sites, specifically 5 Special
Protection Areas (SPAs), 2 Special Protection Areas/Special Areas
of Conservation (SPA/SAC), and 15 (Special Areas of Conservation
(SACs)) (Figure 7). Among these, only 8 sites (36.4%) reported
Caretta caretta within the standard data form, which neverthe-
less refers to the protection of the species in relation to emerged
areas. The remaining 194 (53%) depositions occurred outside of
these sites: in some cases, the nests are very close to the edges of
the Natura 2000 sites, although a considerable number (n=77) of
depositions occurred far from any of these sites.

Figure 7shows UTM Map (gridcell 10x10km) update of C. caretta
in Sicily, based on previous distribution atlases (Turrisi and

TABLE 2 | The selected variables with their percent contribution
and permutation importance (dataset Copernicus 1979-2018).

Vaccaro 1998; Lo Valvo and Longo 2001; Bella and Turrisi 2005;
AAVYV. 2008; Giacoma et al. in Corti et al. 2010), new literatures
and online sources, including depositions in 2022.

4 | Discussion

Nesting events are known for Sicily since the XIX century
(Doderlein 1871). The first distribution map of Caretta caretta,
concerning the period between 1975 and 1997 and based on
nesting events, defines Sicily as an irregular nesting site (Turrisi
and Vaccaro 1998), while the nesting events in Lampedusa and
Linosa islands are classified as regular nesting sites (Turrisi and
Vaccaro 1998; Lo Valvo and Longo 2001; Bella and Turrisi 2005;
AANVYV 2008; Giacoma et al., in Corti et al. 2010). The produced
map of Sicily (UTM WGS84; gridcell 10x10 km?) shows the
presence of reproductive sites within 7 gridcells. A second map,
corresponding to the period 1975-1999, reports instead the pres-
ence of reproductive sites falling in 6 gridcells (Giacoma et al. in
Corti et al. 2010). The Italian herpetological atlas (Sindaco et al.

TABLE 3 | The selected variables with their percent contribution
and permutation importance (dataset Worldsclim 1979-2000).

Percent Permutation Percent Permutation
Variable contribution importance Variable contribution importance
bioll 89 82.8 bioll 89.7 88.2
biol3 7.6 9.6 biol3 3.5 5.2
bio07 5.3 0.8 bio07 2.9 0.2
biol2 3.4 3.9 biol2 2.1 3.2
bio05 2.9 2.9 bio05 2.7 3.2
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FIGURE 5 | Suitability distribution areas of Caretta caretta in Sicily (dataset Worlclim 1979-2000).
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FIGURE 7 | Atlas updated map (UTM WGS84) of Caretta caretta’s egg-laying sites in Sicily. Blue circle = confirmed previous atlas data; yellow

circle = new data; white circle = non confirmed data.

2006), updated to 2005, strangely did not consider the species as
a nesting population on the island. A further distribution map,
taking into account the nests observed between 1980 and 1999,
reports 13 gridcells occupied, which are reduced to 9 by 2006
(AAVV 2008).

From 2011, the number of nesting events has shown a signif-
icant increase compared to the past, and it appears to exhibit
regular patterns over time, especially along the southern coast
of the island (Casale et al. 2012). A very lacking map concern-
ing 25 depositions in Sicily for the years 2017 and 2018 has been

published by Surdo and Massa (2020), although the nesting
events known for this same period are 37 (cf. Prato et al. 2022).
A more comprehensive map is provided by Prato et al. (2022),
which covers depositions from 1944 to 2021.

This abrupt increase of nests and colonizing individuals (cfr. Luna-
Ortiz et al. 2024) in the past decade has been interpreted as the
result of heightened beach monitoring efforts, associated with
the activation and implementation of LIFE projects, as well as in-
creased public awareness. Citizens have learned to recognize the
tracks left on the sand by female turtles during their excursions for
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TABLE 4 | Suggested updates to sites of community importance for a better ecological network for the protection of Caretta caretta in Sicily.

Newly
Present established Extension Form
1TA010011 SAC X Including the beach to the east up to the
mouth of the Cavarretto torrent (UTM
WGS84 33S 320202, 4159140)
ITA040003 SAC X Including the beach to the east up to Punta
secca (UTM WGS84 33S 359700, 4130940)
ITA040015 SAC X Including the beach to the east up
to Porto Empedocle harbor (UTM
WGS84 33S 369130, 4127660)
1TA030032 SAC X Including the beach to the south (Angonia's Beach)
ITA070001 SPA SAC X X
ITA070029 SPA SAC X
ITA070030 SAC X
ITA090002 SAC X
ITA090003 SAC X
ITA090004 SAC X
ITA090010 SAC X

nesting and they report their presence to authorities (Pietroluongo
et al. 2021). Furthermore, it is likely due to an actual increase in
the number of nestings in Sicily, contrary to the statement made
by Surdo and Massa (2020). This increase, which seems to be con-
firmed by nesting events on beaches characterized by high and
constant human activities, where the presence of the species had
never been reported before, is also highlighted by the increasing
number of sea turtle rescues at marine turtle rehabilitation centers
in recent years (cf. Caracappa et al. 2018), but also by the increas-
ing number of sightings at sea and along the island's coasts.

The hypothesis of an increase in the breeding sites in Sicily is
also supported by the comparison of the two suitability maps
obtained for different periods.

It is reasonable to assume that the demographic increase of nest-
ing events on the island is induced by the northward shift of the
species, due to the increase in temperatures and the presence of
beaches that have become suitable for nesting. Just at the begin-
ning of the nesting season, the Tyrrhenian coast of Sicily already
counts twelve nests only in the province of Palermo (Mondello
Beach, Trappeto, Cefalu; Pozzillo, Balestrate, Isola delle Femmine,
Lascari; source: firsthand data from WWF Italia). Like many
thermophilic species (cfr. Ventura et al. 2019; Esposito et al. 2021;
Ivesa et al. 2021), loggerhead turtles could use warmer waters
and enlarge their habitat to avoid competition for food and breed-
ing. Northward displacement is likely to be facilitated by climate
change and rising sea surface temperatures (SST) in recent years
(Pastor et al. 2018; Reddin et al. 2022; Hamdeno and Alvera-
Azcarate 2023). In support of this theory, the unusual but increas-
ingly common nests is observed in the northern Tyrrhenian and
northern Adriatic (Hochscheid et al. 2022).

Therefore, Sicily has now become not only a regular site for log-
gerhead sea turtle oviposition but also an important area for the
conservation of this turtle species in the central Mediterranean
region. Consequently, it is essential to protect these new nesting
sites through the implementation of already existing conserva-
tion measures and the institution of new conservation measures.
Despite this increase, an update has not yet been undertaken.

In consideration of the importance of Sicily today as an egg-
laying area for Caretta caretta, it would be essential to update
the ecological network for the protection of this species, includ-
ing, if not present, the taxon in the standard form of sites already
established, modifying the boundaries of some sites already es-
tablished by expanding their surfaces or establishing new ones
by including areas suitable for deposition and inserting the spe-
cies in the standard forms (Table 4).

Eventually, it would be necessary to establish a new SAC coin-
ciding with the Calabernardo Beach (Lido di Noto, Siracuse).

Author Contributions

Chiara Siddiolo: conceptualization (equal), data curation (equal),
methodology (equal), supervision (equal), validation (equal), writing -
original draft (equal), writing - review and editing (equal). Antonietta
Rosso: data curation (equal), supervision (equal), validation (equal),
writing - original draft (equal). Grazia Orecchio: data curation (equal),
formal analysis (equal), visualization (equal). Mario Lo Valvo: con-
ceptualization (equal), data curation (equal), formal analysis (equal),
methodology (equal), software (equal), supervision (equal), validation
(equal), visualization (equal), writing — original draft (equal), writing -
review and editing (equal).

8 of 10

Ecology and Evolution, 2025



Acknowledgements

This work was partly financed with funds from the University of
Palermo (PJ_AUTF_001835). This publication was produced while at-
tending the PhD programme in PhD in Sustainable Development And
Climate Change at the University School for Advanced Studies IUSS
Pavia, Cycle XXXVIII, with the support of a scholarship financed by
the Ministerial Decree no. 351 of 9th April 2022, based on the NRRP—
funded by the European Union—NextGenerationEU—Mission 4
“Education and Research”, Component 1 “Enhancement of the offer of
educational services: from nurseries to universities” - Investment 4.1
“Extension of the number of research doctorates and innovative doc-
torates for public administration and cultural heritage” funded by the
University of Catania. We thank Elena Prazzi for providing important
data about nesting events in Lampedusa Natural Reserve.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data are available from the Dryad Digital Repository: http://datad
ryad.org/stash/share/uTRCjnkxKSWbVzZYIMHS8zvr8US2uEIL2]j
ZJzQD0zQ.

References

AANVV.2008. Atlante della Biodiversita della Sicilia: Vertebrati terrestri.
Studi e Ricerche, 6. ARPA Sicilia. pp. 536 Note: The use of “AA.VV.” indi-
cates multiple authors. The specific authors are not provided. Consider
adding a comment explaining this.

Anderson, O. F., J. M. Guinotte, A. A. Rowden, D. M. Tracey, K.
A. Mackay, and M. R. Clark. 2016. “Habitat Suitability Models for
Predicting the Occurrence of Vulnerable Marine Ecosystems in the
Seas Around New Zealand.” Deep Sea Research Part I: Oceanographic
Research Papers 115: 265-292. https://doi.org/10.1016/j.dsr.2016.
07.006.

Bargain, A., F. Foglini, I. Pairaud, et al. 2018. “Modeling Investigation
of the Nutrient and Phytoplankton Variability in the Chesapeake Bay
Outflow Plume.” Progress in Oceanography 162: 151-168. https://doi.
org/10.1016/j.pocean.2018.03.004.

Bargain, A., F. Marchese, A. Savini, M. Taviani, and M. C. Fabri. 2017.
“Santa Maria di Leuca Province (Mediterranean Sea): Identification
of Suitable Mounds for Cold-Water Coral Settlement Using
Geomorphometric Proxies and Maxent Methods.” Frontiers in Marine
Science 4: 338. https://doi.org/10.3389/fmars.2017.00338.

Bella, S., and G. F. Turrisi. 2005. Status e Conservazione dei Testudinati
in Sicilia. WWF Sicilia, 50 pp.

Bombi, P., L. Luiselli, M. Capula, and D. Salvi. 2009. “Predicting
Elusiveness: Potential Distribution Model of the Southern Smooth
Snake, Coronella girondica, in Italy.” Acta Herpetologica 4: 7-13. https://
doi.org/10.13128/Acta_Herpetol-4162.

Caracappa, S., M. F. Persichetti, A. Piazza, et al. 2018. “Incidental
Catch of Loggerhead Sea Turtles (Caretta caretta) Along the Sicilian
Coasts by Longline Fishery.” PeerJ 6: €5392. https://doi.org/10.7717/
peerj.5392.

Casale, P. 2010. Sea Turtles in the Mediterranean: Distribution, Threats
and Conservation Priorities. IUCN.

Casale, P. 2011. “Sea Turtle By-Catch in the Mediterranean.” Fish and
Fisheries 12: 299-316. https://doi.org/10.1111/j.1467-2979.2010.00394.x.

Casale, P., A. C. Broderick, J. A. Camifas, et al. 2018. “Mediterranean
Sea Turtles: Current Knowledge and Priorities for Conservation and
Research.” Endangered Species Research 36: 229-267. https://doi.org/10.
3354/esr00901.

Casale, P., and D. Margaritoulis. 2010. Sea Turtles in theMediterranean:
Distribution, Threats and Conservation Priorities. ITUCN/SSC Marine.
Turtle Specialist Group. 294 pp.

Casale, P, G. Palilla, A. Salemi, et al. 2012. “Exceptional Sea Turtle Nest
Records in 2011 Suggest an Underestimated Nesting Potential in Sicily
(Italy).” Acta Herpetologica 7: 181-188.

Casale, P, and A. D. Tucker. 2015. “Caretta caretta. The IUCN Red List
of Threatened Species 2015: e. T3897A83157651.” https://doi.org/10.
2305/TUCN.UK.2015-4.RLTS.T3897A83157651.en.

Casale, P, and A. D. Tucker. 2017. “Caretta caretta. The IUCN Red List
of Threatened Species 2017: e. T3897A119333622.” https://doi.org/10.
2305/TUCN.UK.2017-2.RLTS.T3897A119333622.en.

Corti, C., M. Capula, L. Luiselli, E. Razzetti, and R. Sindaco. 2010.
Fauna d'Ttalia, Reptilia. Edizioni Calderin.

Doderlein, P. 1871. “Alcune Generalita Intorno la Fauna Sicula dei
Vertebrati. Classe dei Rettili e Batraci.” Annual Society Natural Modena
4:200-211.

Elith, J., C. H. Graham, R. P. Anderson, et al. 2006. “Novel Methods
Improve Prediction of Species' Distributions From Occurrence Data.”
Ecography 29: 129-151. https://doi.org/10.1111/§.2006.0906-7590.
04596.x.

Engler, R., A. Guisan, and L. Rechsteiner. 2004. “An Improved
Approach for Predicting the Distribution of Rare and Endangered
Species From Occurrence and Pseudo-Absence Data.” Journal of
Applied Ecology 41: 263-274. https://doi.org/10.1111/j.0021-8901.
2004.00874.x.

Esposito, G., M. Prearo, V. Menconi, et al. 2021. “Northward Spread
of the Parrotfish Sparisoma cretense (Teleostei: Scaridae) in the
Mediterranean Sea: An Update on Current Distribution With Two New
Records From Sardinia.” Journal of Marine Science and Engineering 9,
no. 5: 536. https://doi.org/10.3390/jmse9050536.

Fick, S. E., and R. J. Hijmans. 2017. “WorldClim 2: New 1-Km Spatial
Resolution Climate Surfaces for Global Land Areas.” International
Journal of Climatology 37, no. 12: 4302-4315. https://doi.org/10.1002/
joc.5086.

Fujisaki, I., K. M. Hart, D. Bucklin, et al. 2020. “Predicting Multi-
Species Foraging Hotspots for Marine Turtles in the Gulf of Mexico.”
Endangered Species Research 43: 253-266.

Hamdeno, M., and A. Alvera-Azcarate. 2023. “Marine Heatwaves
Characteristics in the Mediterranean Sea: Case Study the 2019
Heatwave Events.” Frontiers in Marine Science 10: 1093760. https://doi.
org/10.3389/fmars.2023.1093760.

Hochscheid, S., F. Maffucci, E. Abella, et al. 2022. “Nesting Range
Expansion of Loggerhead Turtles in the Mediterranean: Phenology,
Spatial Distribution, and Conservation Implications.” Global Ecology
and Conservation 38: €02194. https://doi.org/10.1016/j.gecco.2022.
€02194.

Iannella, M., F. Cerasoli, P. D'Alessandro, G. Console, and M. Biondi.
2018. “Coupling GIS Spatial Analysis and Ensemble Niche Modelling to
Investigate Climate Change-Related Threats to the Sicilian Pond Turtle
Emys trinacris, an Endangered Species From the Mediterranean.” PeerJ
6: €4969. https://doi.org/10.7717/peerj.4969.

Ivesa, N., M. Piria, M. Gelli, et al. 2021. “Feeding Habits of Predatory
Thermophilic Fish Species and Species With Subtropical Affinity From
Recently Extended Distributional Range in Northeast Adriatic Sea,
Croatia.” Diversity 13, no. 8: 357. https://doi.org/10.3390/d13080357.

Lo Valvo, F., and A. M. Longo. 2001. Anfibi e Rettili in Sicilia.
DoraMarkus ed. pp. 85.

Luna-Ortiz, A., G. Marin-Capuz, E. Abella, et al. 2024. “New Colonisers
Drive the Increase of the Emerging Loggerhead Turtle Nesting in
Western Mediterranean.” Scientific Reports 14: 1506. https://doi.org/10.
1038/s41598-024-51664-w.

90f 10


http://datadryad.org/stash/share/uTRCjnkxKSWbVzZYJMHS8zvr8US2uEIL2ljZJzQD0zQ
http://datadryad.org/stash/share/uTRCjnkxKSWbVzZYJMHS8zvr8US2uEIL2ljZJzQD0zQ
http://datadryad.org/stash/share/uTRCjnkxKSWbVzZYJMHS8zvr8US2uEIL2ljZJzQD0zQ
https://doi.org/10.1016/j.dsr.2016.07.006
https://doi.org/10.1016/j.dsr.2016.07.006
https://doi.org/10.1016/j.pocean.2018.03.004
https://doi.org/10.1016/j.pocean.2018.03.004
https://doi.org/10.3389/fmars.2017.00338
https://doi.org/10.13128/Acta_Herpetol-4162
https://doi.org/10.13128/Acta_Herpetol-4162
https://doi.org/10.7717/peerj.5392
https://doi.org/10.7717/peerj.5392
https://doi.org/10.1111/j.1467-2979.2010.00394.x
https://doi.org/10.3354/esr00901
https://doi.org/10.3354/esr00901
https://doi.org/10.2305/IUCN.UK.2015-4.RLTS.T3897A83157651.en
https://doi.org/10.2305/IUCN.UK.2015-4.RLTS.T3897A83157651.en
https://doi.org/10.2305/IUCN.UK.2017-2.RLTS.T3897A119333622.en
https://doi.org/10.2305/IUCN.UK.2017-2.RLTS.T3897A119333622.en
https://doi.org/10.1111/j.2006.0906-7590.04596.x
https://doi.org/10.1111/j.2006.0906-7590.04596.x
https://doi.org/10.1111/j.0021-8901.2004.00874.x
https://doi.org/10.1111/j.0021-8901.2004.00874.x
https://doi.org/10.3390/jmse9050536
https://doi.org/10.1002/joc.5086
https://doi.org/10.1002/joc.5086
https://doi.org/10.3389/fmars.2023.1093760
https://doi.org/10.3389/fmars.2023.1093760
https://doi.org/10.1016/j.gecco.2022.e02194
https://doi.org/10.1016/j.gecco.2022.e02194
https://doi.org/10.7717/peerj.4969
https://doi.org/10.3390/d13080357
https://doi.org/10.1038/s41598-024-51664-w
https://doi.org/10.1038/s41598-024-51664-w

Mazaris, A. D., G. Schofield, C. Gkazinou, V. Almpanidou, and G.
C. Hays. 2017. “Global Sea Turtle Conservation Successes.” Science
Advances 3: €1600730. https://doi.org/10.1126/sciadv.1600730.

Merow, C., M. J. Smith, and J. A. Silander Jr. 2013. “A Practical Guide
to MaxEnt for Modeling Species’ Distributions: What It Does, and Why
Inputs and Settings Matter.” Ecography 36: 1058-1069. https://doi.org/
10.1111/j.1600-0587.2013.07872.x.

Pastor, F.,J. A. Valiente, and J. L. Palau. 2018. “Sea Surface Temperature
in the Mediterranean: Trends and Spatial Patterns (1982-2016).”
Pure and Applied Geophysics 175: 4017-4029. https://doi.org/10.1007/
$00024-017-1739-z.

Pearson, R. G., C. J. Raxworthy, M. Nakamura, and A. Townsend
Peterson. 2007. “Predicting Species Distributions From Small
Numbers of Occurrence Records: A Test Case Using Cryptic Geckos in
Madagascar.” Journal of Biogeography 34: 102-117. https://doi.org/10.
1111/j.1365-2699.2006.01594.X.

Phillips, S.J., R. P. Anderson, M. Dudik, R. E. Schapire, and M. E. Blair.
2017. “Opening the Black Box: An Open-Source Release of Maxent.”
Ecography 40: 887-893. https://doi.org/10.1111/ecog.03049.

Phillips, S. J., R. P. Anderson, and R. E. Schapire. 2006. “Maximum
Entropy Modeling of Species Geographic Distributions.” Ecological
Modelling 190: 231-259. https://doi.org/10.1016/j.ecolmodel.2005.
03.026.

Phillips, S. J., and M. Dudik. 2008. “Modeling of Species Distributions
With Maxent: New Extensions and a Comprehensive Evaluation.”
Ecography 31:161-175. https://doi.org/10.1111/j.0906-7590.2008.5203.x.

Pietroluongo, G., A. Miliou, S. Antichi, K. Ashok, F. J. Falquina, and
B. Q. M. Montalvo. 2021. “The Role of Citizen Reports in Turtle Nests
Discovery: The Case of Samos Island, Greece.” 2021 International
Workshop on Metrology for the Sea; Learning to Measure Sea Health
Parameters (MetroSea), Reggio Calabria, Italy. 153-157. https://doi.org/
10.1109/MetroSea52177.2021.9611548.

Prato, O. O., V. Paduano, G. Baldji, et al. 2022. “Minor Sea Turtle Nesting
Areas May Remain Unnoticed Without Specific Monitoring: The Case
of the Largest Mediterranean Island (Sicily, Italy).” Animals 12: 1221.
https://doi.org/10.3390/ani12101221.

Reddin, C. J., M. Aberhan, N. B. Raja, and A. T. Kocsis. 2022. “Global
Warming Generates Predictable Extinctions of Warm-and Cold-Water
Marine Benthic Invertebrates via Thermal Habitat Loss.” Global Change
Biology 28: 5793-5807. https://doi.org/10.1111/gcb.16321.

Rondinini, C., A. Battistoni, and C. Teofili. 2022. Lista Rossa IUCN dei
Vertebrati Italiani 2022. Comitato Italiano TUCN e Ministero dell’Ambi-
ente e della Sicurezza Energetica.

Sindaco, R., G. Doria, E. Razzetti, and F. Bernini. 2006. Atlante degli
Anfibi e dei Rettili d'Ttalia/Atlas of Italian Amphibians and Reptiles.
Societas Herpetologica Italica, Edizioni Polistampa, Firenze.

Surdo, S., and B. Massa. 2020. “Aggiornamento sulla nidificazione
della tartaruga marina Caretta caretta (Reptilia Cheloniidae) in Sicilia.
Riflessioni sul valore della citizen science.” Naturalista Sicil 44: 115-
126. https://doi.org/10.5281/zenod0.4050094.

Tomas, J., P. Gozalbes, J. A. Raga, and B. J. Godley. 2008. “Bycatch of
Loggerhead Sea Turtles: Insights From 14 Years of Stranding Data.”
Endangered Species Research 5: 161-169. https://doi.org/10.3354/
esr00116.

Turrisi, G. F., and A. Vaccaro. 1998. “Contributo alla conoscenza degli
anfibi e dei retti li di Sicilia.” Bollettino della Sedute Accademia Gioenia
di Scienze Naturali, Catania 30: 5-88.

Ventura, D., F. Colloca, and D. Ardizzone. 2019. “First Record of the
Land Planarian Caenoplana Bicolor (Graff, 1899) (Platyhelminthes,
Tricladida, Continenticola) in Greece.” Biolnvasions Records 8, no. 3:
413-418. https://doi.org/10.3391/bir.2019.8.3.04.

Wallace, B. P.,, A. D. DiMatteo, A. B. Bolten, et al. 2011. “Global
Conservation Priorities for Marine Turtles.” PLoS One 6, no. 9: e24510.
https://doi.org/10.1371/journal.pone.0024510.

Wouters, H. 2021. Downscaled Bioclimatic Indicators for Selected
Regions From 1979 to 2018 Derived From Reanalysis. Copernicus
Climate Change Service (C3S) Climate Data Store (CDS). https://doi.
org/10.24381/cds.f9d2963b.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

10 of 10

Ecology and Evolution, 2025


https://doi.org/10.1126/sciadv.1600730
https://doi.org/10.1111/j.1600-0587.2013.07872.x
https://doi.org/10.1111/j.1600-0587.2013.07872.x
https://doi.org/10.1007/s00024-017-1739-z
https://doi.org/10.1007/s00024-017-1739-z
https://doi.org/10.1111/j.1365-2699.2006.01594.x
https://doi.org/10.1111/j.1365-2699.2006.01594.x
https://doi.org/10.1111/ecog.03049
https://doi.org/10.1016/j.ecolmodel.2005.03.026
https://doi.org/10.1016/j.ecolmodel.2005.03.026
https://doi.org/10.1111/j.0906-7590.2008.5203.x
https://doi.org/10.1109/MetroSea52177.2021.9611548
https://doi.org/10.1109/MetroSea52177.2021.9611548
https://doi.org/10.3390/ani12101221
https://doi.org/10.1111/gcb.16321
https://doi.org/10.5281/zenodo.4050094
https://doi.org/10.3354/esr00116
https://doi.org/10.3354/esr00116
https://doi.org/10.3391/bir.2019.8.3.04
https://doi.org/10.1371/journal.pone.0024510
https://doi.org/10.24381/cds.f9d2963b
https://doi.org/10.24381/cds.f9d2963b

	Heat Nests: The Impact of Climate Change on Loggerhead Turtle (Caretta caretta) Nesting Distribution in Sicily (Italy)
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	3   |   Results
	4   |   Discussion
	Author Contributions
	Acknowledgements
	Conflicts of Interest
	Data Availability Statement
	References


