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Abstract

In this study, we investigate the habitat suitability and distribution patterns of two invasive alien crab species, Callinectes sapi-
dus and Portunus segnis, in the Mediterranean basin. Using a comprehensive dataset compiled from multiple sources, including
bibliographic records, online databases, and online informal sources, we mapped the occurrences of these species and overlaid
them with environmental variables obtained from the Copernicus Marine Service. We employed MaxEnt species distribution
models to predict habitat suitability, considering variables such as sea surface temperature, salinity, chlorophyll, and oxygen. Our
results indicate widespread distribution of C. sapidus across the basin, with notable concentrations in certain areas, while P. segnis
exhibits a predominantly southern distribution. Model evaluations demonstrate high predictive performance, with average AUC
(area under the receiver operating characteristic curve) values exceeding 0.85. Additionally, we assessed potential habitat overlap
between the two species at different probability thresholds, revealing regions where coexistence is likely. Our findings provide
valuable insights into the spatial dynamics of invasive alien crab species in the Mediterranean and contribute to ongoing efforts in

biodiversity conservation and management.
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Introduction

Biological invasions in the Mediterranean Sea are a
focal point within the scientific community due to the
significant impact of alien species on native biodiver-
sity and ecosystems. In the past few decades, the intro-
duction and establishment of non-indigenous species
(NIS) through the Suez Canal and the Strait of Gibral-
tar have increased by 40% (Zenetos et al., 2022). Cli-
mate change and the increase in commercial and tourist
shipping play a key role in facilitating the entry of NIS
(Pinsky et al., 2020). Among the alien decapods in the
Mediterranean, the Atlantic blue crab Callinectes sapidus
Rathbun, 1896 and the African blue crab Portunus seg-
nis (Forskal, 1775) are among the most widespread and
have an increasingly dramatic impact on Mediterranean
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ecosystems and the economy associated with fishery and
aquaculture industry (Kampouris et al., 2019). Callinect-
es sapidus — coming from the western Atlantic Ocean
from Nova Scotia to northern Argentina (Millikin & Wil-
liams, 1984) - is one of the most invasive crab species
(Streftaris & Zenetos, 2006) due to its great adaptability
to different environmental conditions. Typically consid-
ered a predator (Mancinelli ef al., 2016), it is a generalist
omnivorous that mainly feeds on algae, fish, mollusks,
and other small invertebrates, depending on availability
(Hines, 2007; Aslan & Polito, 2024; Prado et al., 2024,
Vivas et al., 2025). Callinectes sapidus colonizes mul-
tiple habitats, mainly in shallow waters, from seagrass
to soft bottoms and estuarine habitats, depending on its
life stage and needs (Millikin & Williams, 1984; Manci-
nelli et al., 2016). Females spawn several times during
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summer, with multiple clutches of eggs in each spawning
event (Dickinson et al., 2006). Its invasiveness is fur-
ther worsened by current rising sea temperatures (Neh-
ring, 2011; Mancinelli et al., 2017; Marchessaux et al.,
2022). First recorded in the Mediterranean in 1949 (as
Neptunus pelagicus: Giordani Soika, 1951), its presence
is now widely documented throughout the basin (Deidun
etal.,2022). Callinectes sapidus likely went through sev-
eral independent introductions from the Atlantic Ocean,
mainly with ballast water as a vector (Nehring, 2011).
The Lessepsian migrant P. segnis is considered the first
crustacean to have approached the Mediterranean, where
it arrived shortly after the opening of the Suez Canal (as
N. pelagicus: Fox, 1924; Galil, 2011). Since then, it has
expanded its range significantly, colonizing vast areas
of the central Mediterranean basin (Katsanevakis et al.,
2020) and, more recently, the Sicilian Strait (Shaiek et al.,
2021; Castriota et al., 2022). It usually inhabits coastal
waters, especially seagrass beds and mangroves (Giraldes
etal., 2016), feeding mainly on fish, invertebrates, and al-
gae (Zainal, 2013; Giraldes et al., 2016; Mancinelli et al.,
2022; Vivas et al., 2025). Portunus segnis has at least two
seasonal spawning events per year, one between Decem-
ber and March and the other between August and October
(Giraldes et al., 2016; Hadj Hamida et al., 2022). Previ-
ous studies on the distribution of invasive species, such
as the blue crabs C. sapidus and P. segnis (Mancinelli et
al., 2021; Shaiek et al., 2021), and on larval connectivity
(Marchessaux et al., 2023) have been carried out.
Monitoring the distribution of alien species, particu-
larly crustaceans such as C. sapidus and P. segnis, whose
larval stages exhibit complex mechanisms of dispersion
over time and space (Criales et al., 2019), is crucial for
a better understanding of their ecology, in order to miti-
gate the impact of invasive NIS on the native biota and
its linked economy in the Mediterranean. It is crucial to
detect any connections between the occurrence of these

Distribution Map of the studied species

Latitude

species and environmental factors, particularly those
associated with ongoing climate change. The main pur-
pose of this study is to understand the current distribu-
tion ranges of C. sapidus and P. segnis and how environ-
mental variables connected to climate change may affect
their spreading and establishment in the Mediterranean
Sea. The use of species distribution models for the devel-
opment of habitat suitability maps allows, among other
things, the identification of areas where the two species
have not yet been found but would potentially encounter
ideal conditions for their survival.

Materials and Methods
Dataset

The records of C. sapidus and P. segnis have been
organized into a database from multiple sources: a) bib-
liographic sources, particularly collective articles and
first records in the Mediterranean (Suppl. Data S1). b) on-
line databases, specifically inaturalist.org and GBIF (last
accessed on 07/02/2024); and c¢) Facebook pages and
groups, especially “Oddfish” and “Mediterranean Marine
Fauna” (last accessed on 07/02/2024). The records used
to populate our database always include geographical
coordinates, year of occurrence, country of occurrence,
and references. In most records coming from Facebook
groups and inaturalist.org, photos and the date of the oc-
currence are also included. The data were collected in
spreadsheets where, if available, additional information
such as the number of observed individuals, habitat, and
depth were added. Subsequently, the data were processed
using R studio, standardizing coordinates from different
databases when in different formats. Finally, they were
represented on a shapefile of the Mediterranean basin

(Fig. 1).
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Fig. 1: Distribution map of Callinectes sapidus (in blue) and Portunus segnis (in red) in the Mediterranean Sea.
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Environmental Variables

Environmental variables were downloaded from
the Copernicus Marine Service in raster files with a
resolution of 0.042°x 0.042° (MEDSEA MULTI-
YEAR PHY 006 004; MEDSEA MULTIYEAR _
BGC _006_008), over a time span of 20 years, from 2001
to 2021, according to data availability. The selection of
environmental variables considers the physiology of the
species in larval and adult stages. Sea surface tempera-
ture (SST), salinity, chlorophyll, and oxygen raster files
were processed, and for each variable, a 20-year mean
was calculated, obtaining a single value per pixel using
the R studio library Raster. During the initial selection
of environmental variables, phytoplankton was also in-
cluded, but it was later excluded due to its strong cor-
relation with chlorophyll (0.99). The coordinates of the
occurrences for the two species under consideration were
overlaid to the raster of environmental variables. Data
related to the averages of environmental variables were
then graphically represented along with the species dis-
tribution, allowing an initial overview of the correlation
between the presence of individual species and the single
environmental variable.

Species Distribution Models

Habitat suitability maps for the two species were per-
formed using the maximum entropy model (MaxEnt; Elith
et al., 2006; Phillips et al., 2006; Merow et al., 2013), al-
lowing us to process only presence data to calculate the
probability distribution for C. sapidus and P. segnis in
the Mediterranean. MaxEnt was employed to develop a
model linking each georeferenced observation with a se-
ries of predictor variables to forecast habitat distribution
based on the probability of suitability for species distri-
bution. We assessed the level of intercorrelation using
R Studio by calculating pairwise Pearson’s correlation
coefficient. Therefore, we identified the most significant
factors among variable pairs with a Pearson correlation
coefficient || > 0.85. Variables exhibiting strong correla-
tions were omitted to avoid misshaped outcomes. Weakly
correlated environmental variables were then analyzed to
determine the percentage contribution of each. To assess
the importance of each variable, we performed a jack-
knife test by running the model multiple times, each time
excluding an environmental variable, and comparing the
performance of the model with and without that variable.
The performed MaxEnt model — trained using batch files
— maintained several parameters as default, such as a
convergent threshold of 107°, a maximum interaction val-
ue of 500, and a maximum of 10,000 randomly selected
background points, as recommended by previous studies
(Phillips et al., 2006; Phillips & Dudik, 2008; Anderson et
al., 2016; Bargain et al., 2017). For the modeling evalua-
tions, we considered the area under the receiver operating
characteristic (ROC) curve (AUC) values, the standard
deviation, and the true skill statistic (TSS) mean, as used
in previous studies (Phillips et al., 2006; Liu et al., 2016;
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Palummo et al., 2023). The ROC curve displays the true
positive rate (sensitivity) in relation to the false positive
rate (1 - specificity) at different thresholds. The AUC
identifies the total performance of the model (AUC > 0.9:
Excellent model performance, with a very high ability
to distinguish between positive and negative cases: 0.7
< AUC < 0.9: Good performance, the model has some
misclassifications; 0.6 < AUC < 0.7: Fair performance;
AUC < 0.6: Poor performance; Bargain et al., 2017).
TSS measures the accuracy of the model by combining
both sensitivity and specificity. The range spans from —1
to +1 (TSS > 0.8: Excellent performance, the model has
high accuracy; 0.6 < TSS < 0.8: Good performance, the
model provides useful predictions; 0.4 < TSS < 0.6: Fair
performance, the model requires improvements; TSS <
0.4: Poor performance. The model’s predictions are not
reliable; Li et al., 2023).

Response Curves

The response curves delineate the influence of each
environmental variable on the MaxEnt predictions for
both species. They demonstrate how the predicted proba-
bility of presence changes as each environmental variable
is varied while keeping others at their average sample
value. The curves provide insight into variable marginal
effects and their impact on model predictions.

The records for the two species were overlayed on
their respective maps in order to detect any possible ar-
eas where habitat suitability indicates the presence of
the species. The two resulting maps — one for C. sapi-
dus and one for P. segnis — were then cropped by apply-
ing a bathymetric filter ranging from 0 to 100 meters in
depth in order to define habitat suitability areas likely to
support the presence of both species. At last, the maps
were overlaid to underline areas with the potential pres-
ence of both species. Then, the degree of potential com-
petition was assessed using different approaches. Each
model aimed to delineate areas where there is a specific
likelihood threshold of habitat overlap. Specifically, we
created maps highlighting regions where there is a 40%,
60%, and 80% probability of habitat overlap between the
two species (highlighted in red) and areas where only one
species can be found (highlighted in yellow).

This approach offers important insights into the spa-
tial dynamics of the species distributions within the Med-
iterranean environment and provides an understanding of
potential coexistence between the species.

Results
Distribution

Data collection on both species, using multiple sourc-
es, yielded 1378 occurrences for C. sapidus and 125
occurrences for P. segnis (Fig. 1) in the Mediterranean

basin. The distribution maps reveal that the presence
of C. sapidus extensively covers the entire basin, while
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P. segnis maintains a predominantly southern distribu-
tion, primarily centered in North Africa, the southern
Italian peninsula, and Greece.

Callinectes sapidus

The provided results from the MaxEnt model analysis
offer comprehensive insights into the predictive perfor-
mance and variable contributions of the species model.
Response curves (Fig. 2) highlight how individual envi-
ronmental variables influence MaxEnt predictions, while
the analysis of variable contributions quantifies the rela-
tive importance of each variable. Notably, chlorophyll-a
(chl) emerges as the most influential variable for C. sapi-
dus, contributing 81.1% to the model, while oxygen also

Response of Callinectes_sapidus to chl Response of Callinectes_sapidus to oxygen

plays a significant role, particularly in distinguishing the
species from background data (Table 1). The jackknife
test further underscores variable importance, with oxy-
gen and chl identified as the variables with the highest
gain when used in isolation, emphasizing chl predictive
power. The provided command line offers a means to rep-
licate the species model, outlining the specific parameters
and data sources used in the MaxEnt analysis. The result-
ing habitat suitability map (Fig. 3) shows a wide range
along the Mediterranean coasts for this species. In the
Western Mediterranean, the most suitable areas for the
species, depicted in red, correspond to the Alboran Sea
and to several areas, particularly along the North-West
African coasts. Along the northern coast of the Mediter-
ranean, the areas deemed most suitable by the MaxEnt
model are homogeneous from the coasts of Spain to those
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Fig. 2: Curves of predicted probability of presence for Callinectes sapidus. The curves in the top row show changes as each envi-
ronmental variable is varied, keeping all other environmental variables at their average sample value. The curves in the bottom row
derive from the MaxEnt model using only the corresponding variable. These plots reflect the dependence of predicted suitability
both on the selected variables and on dependencies induced by correlations between the selected variable and other variables.
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Fig. 3: Habitat suitability map for Callinectes sapidus in the Mediterranean Sea. The increasingly dark shades, from 0 (white) to 1
(red), indicate areas where the chance of encountering the species is increasingly higher according to the environmental variables

tested with the MaxEnt model.
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Table 1. Estimate of relative contributions of environmental vari

ables to the MaxEnt model for Callinectes sapidus.

. Percent Permutation
Variable o .
contribution importance
chl 81.1 40.9
oxygen 10.2 44.2
salinity 4.9 6.6
sst 3.8 8.3

of northern Italy, with greater adaptability in areas with
a high concentration of river mouths and brackish zones.
The Adriatic coast features areas more suitable for the
species’ presence in the entire coastal area until the Gulf
of Taranto, as well as along the coastal areas of Monte-
negro and Albania. Proceeding along the Aegean Sea, the
suitable areas embrace Greece and Turkey. Further south,
the most suitable areas are between Israel and Egypt (es-
pecially along the mouth of the Nile) on the east side and
between the Gulf of Gabes in Tunisia and Morocco.

Portunus segnis

Table 2 presents the estimate of the relative contribu-
tions of environmental variables to the MaxEnt model.
Response curves (Fig. 4) show how each environmental
variable shapes the MaxEnt predictions, while the analy-

sis of variable contributions quantifies the relative impor-
tance of each variable. SST emerges as the most influen-
tial variable, contributing 64.6% to the model, followed
by chlorophyll-a (chl), salinity, and oxygen. The jack-
knife test confirms SST as the variable with the highest
gain when used in isolation and the most significant de-
crease in gain when omitted. The suitability map for this
species (Fig. 5) remarks an imaginary border between the
north of the basin, where P. segnis meets less suitable ar-
eas, remarked with light red, and the central-south basin,
where we see more suitable habitats. The Italian penin-
sula shows good suitability in its southern part, and the
same is true for the entire Sicilian and Maltese coasts.
The coasts of Greece, in the Aegean Sea, are suitable for
the presence of the species, together with the entire coast-
al areas of Turkey, Cyprus, Syria, Lebanon, and Israel.
The same high suitability is displayed in the entire Medi-
terranean African coast from Egypt to Morocco.

Table 2. Estimate of relative contributions of environmental variables to the MaxEnt model for Portunus segnis.

. Percent Permutation
Variable . .
contribution importance
sst 64.6 46.5
chl 16.8 19.1
salinity 11.4 13.3
oxygen 7.2 21.2
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Fig. 4: Curves of predicted probability of presence for Portunus segnis. The curves in the top row show changes as each environ-
mental variable is varied, keeping all other environmental variables at their average sample value. The curves in the bottom row
derive from the MaxEnt model using only the corresponding variable. These plots reflect the dependence of predicted suitability
both on the selected variables and on dependencies induced by correlations between the selected variable and other variables.
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Fig. 5: Habitat suitability map for Portunus segnis in the Mediterranean Sea. The increasingly dark shades, from 0 (white) to 1
(red), indicate areas where the chance of encountering the species is increasingly higher according to the environmental variables

tested with the MaxEnt model.
Modeling Evaluation

Both MaxEnt models underwent cross-validation,
resulting in an average AUC value exceeding 0.85 and
a standard deviation ranging from 0.014 to 0.044. This
indicates a significant improvement over random predic-
tion. Table 1 displays the AUC values, standard devia-
tions, and mean TSS for both models, serving as indica-
tors of model accuracy.

5.00°0 0.00° 5.00°E 10.00°E 15.00°E

Coexistence

In the first model (Fig. 6), where the probability of
finding habitat suitability for both C. sapidus and P. seg-
nis is set at 40%, the areas affected by a possible overlap
are many. These include the area around the Strait of Gi-
braltar, a significant portion of the Spanish and French
coasts, almost the entire Italian peninsula, part of north-
ern Sicily and the Strait of Sicily, and all the coasts of the
Eastern Mediterranean. However, the areas highlighted in

20.00°E 25.00°E 30.00°E 35.00°E

40.00°E 45.00°E

35.00°N 40.00°N 45.00°N 50.00°N

30.00°N

Fig. 6: Habitat suitability maps for Callinectes sapidus and Portunus segnis with overlap at 40% possibility. Areas with 40%
opportunity to find both crab species are highlighted in red; those with 40% chance of finding only one of the two species are

highlighted in yellow.
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red represent the regions where the probability of coexist-
ence of the two species is higher. On the Tyrrhenian side,
the area of overlap is limited to the Italian Gulf of Naples.
On the Ionian side, a localized red area is highlighted on
the eastern coast of Sicily, between Catania and Siracusa.
On the Adriatic coast, only some enclosed areas are af-
fected by this overlap: a part of the Gulf of Venice, a por-
tion of south Croatia, and a wider arca within the border
of Albania and Greece, which includes the eastern side of
Corfu Island. Lastly, in the Eastern Mediterranean, sev-
eral other gulfs in Greece are contained in the overlap,
along with the eastern coasts of Turkey, part of the coast
of Lebanon, and the entire coasts of Israel, as well as the
entrance of the Suez Canal and the eastern coast of Egypt.
The Tunisian coast is almost entirely highlighted in red,
especially in the whole area of the Gulf of Gabes.

The second model (Fig. 7) displays the areas where
the probability of coexistence is higher than 60%, and the
areas affected by the possibility of coexistence between
the two species are reduced throughout the entire Med-
iterranean basin. The highlighted areas along the Span-
ish, French, and Italian coasts almost disappear, with no
red areas for the Northern and Western coasts. The only
remarked area is a small portion of the coast in Greece,
between the main Island and Zante. Moving to the East-
ern Mediterranean, the Gulf of Antalya in Turkey is still
marked in red. Israel and Egypt show again a high possi-
bility of overlapping, but the red areas are more limited.
The Gulf of Gabes, in Tunisia, is the only remarkable spot
along the North African coast.

Finally, the third model (Fig. 8) depicts the areas
where the probability of coexistence is greater than 80%
and highlights only a few areas throughout the entire ba-
sin. The areas that were highlighted in red in the previous
models are now less frequent and yellow, marking the

5.00°0

0.00° 5.00°E

10.00°E

15.00°E

same areas. However, the red areas are limited to a small
portion of the Turkish coast, in the Gulf of Antalya, a few
areas in Egypt, between the Suez Canal and the Nile, and
a tiny portion of the Gulf of Gabes, in Tunisia.

Discussion

The Mediterranean Sea is witnessing increasing con-
cern within the scientific community due to the escalating
impact of biological invasions, particularly from NIS, on
native biodiversity and ecosystems. The introduction and
establishment of NIS, facilitated by human activities and
global environmental changes, pose significant threats to
the region’s ecological balance and socio-economic sta-
bility. The invasion dynamics of NIS, such as C. sapidus
and P. segnis, highlight the challenges posed by biolog-
ical invasions in the Mediterranean. Both species have
rapidly expanded their ranges, with C. sapidus display-
ing extensive coverage across the entire basin, while P
segnis maintains a predominantly southern distribution,
concentrated in regions such as North Africa, southern
Italy, and Greece. The spread of these species is attribut-
ed to various factors, including the widening connectivity
facilitated by the Suez Canal — for P. segnis — alongside
climate change—induced alterations in marine environ-
ments (Harley et al., 2006; Pecl et al., 2017; Santojanni
etal.,2023).

The implementation of MaxEnt modeling techniques
provided insights into the habitat suitability and potential
distribution patterns of C. sapidus and P. segnis across
the Mediterranean basin. The points indicating every oc-
currence for C. sapidus and P. segnis (collected data) are
overlayed to the suitability distribution models (MaxEnt)
to highlight how most of the red areas, where the environ-

20.00°E 25.00°E 30.00°E 35.00°E

40.00°E 45.00°E

50.00°N

45.00°N
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Fig. 7: Habitat suitability maps for Callinectes sapidus and Portunus segnis with overlap at 60% possibility. Areas with 60%
opportunity to find both crab species are highlighted in red; those with 60% chance of finding only one of the two species are

highlighted in yellow.
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Fig. 8: Habitat suitability maps for Callinectes sapidus and Portunus segnis with overlap at 80% possibility. Areas with 80%
opportunity to find both crab species are highlighted in red; those with 80% chance of finding only one of the two species are

highlighted in yellow.

mental conditions are ideal, already have several occur-
rences of each species (Fig. 9; Fig. 10).

The habitat suitability map provided by MaxEnt also
highlights some areas where the two species have not yet
been found but where the environmental conditions sug-
gest their possible presence. C. sapidus is spread in most
of the areas highlighted by the suitability map: the only
areas highlighted in red where the species does not show
occurrences are on the western coast of Algeria and in
Syria. For P. segnis, the red areas where the species does

5.00°0 0.00° 5.00°E

10.00°E 15.00°E

not occur include the western coast of Lybia, the Syrian
coast, some areas in Turkey, and some portions of south-
ern Greece.

Through the integration of species occurrence data
and environmental variables, our study developed robust
predictive models capable of accurately forecasting the
current species distributions across varying temporal and
spatial scales. The achievement of consistently high av-
erage AUC values exceeding 0.85, coupled with minimal
standard deviations, attests to the effectiveness of the

20.00°E 25.00°E 30.00°E 35.00°E

40.00°E 45.00°E

35.00°N 40.00°N 45.00°N 50.00°N

30.00°N

Fig. 9: Occurrences of Callinectes sapidus collected from the Mediterranean Sea and used to build the MaxEnt model, overlaid to
the habitat suitability map, to emphasize areas where the species has not yet been reported, but which have suitable environmental

conditions for its occurrence.
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Fig. 10: Occurrences of Portunus segnis collected from the Mediterranean Sea and used to build the MaxEnt model, overlaid to
the habitat suitability map, to emphasize areas where the species has not yet been reported, but which have suitable environmental

conditions for its occurrence.

MaxEnt models in discerning suitable habitat conditions
from unsuitable ones. These results underscore the reli-
ability of our models in capturing the intricate relation-
ships between species occurrences and environmental
factors. These findings highlight the effectiveness of the
models and the accuracy of their predictions regarding
the habitat distribution of C. sapidus and P. segnis in the
Mediterranean region (Table 3).

An in-depth analysis of the contribution from differ-
ent variables revealed the pivotal environmental drivers
shaping the habitat suitability of both C. sapidus and
P segnis. Variables such as chlorophyll-a and oxygen
emerged as significant predictors for C. sapidus, reflect-
ing the species’ preference for nutrient-rich and thermally
suitable habitats. However, SST exhibited the highest in-
fluence on the habitat suitability of P. segnis, underscor-
ing its critical role as an environmental determinant for
the species’ distribution. Moreover, response curves pro-
vided nuanced insights into the marginal effects of indi-
vidual environmental variables on species distributions,
elucidating how changes in environmental conditions
influence habitat suitability probabilities. These findings
contribute to a deeper understanding of the ecological
niche requirements of invasive decapod species, thereby
informing targeted conservation efforts and management
strategies aimed at mitigating their impacts.

The assessment of habitat overlaps between C. sapi-

dus and P. segnis unveiled intriguing spatial dynamics
with profound implications for species coexistence and
potential interspecific competition. By delineating areas
of high probability of habitat overlap, our study identi-
fied regions where interspecific interactions may occur,
thereby influencing community dynamics and ecosystem
functioning. In the first model, depicting a 40% proba-
bility of habitat overlap, extensive areas across the Med-
iterranean basin were identified as potential hotspots for
both species’ coexistence. Particularly noteworthy were
regions around the Strait of Gibraltar, the Spanish and
French coasts, the Italian peninsula, and the Eastern Med-
iterranean, suggesting widespread opportunities for in-
terspecific interactions and ecological niche overlap. As
the probability threshold for habitat overlap increased to
60% in the second model, the extent of overlapping areas
decreased, indicating a more constrained range of poten-
tial coexistence. This reduction in overlap was particular-
ly pronounced in Greece and Turkey, as well as in Israel,
Egypt, and Tunisia, suggesting a decreased likelihood
of interspecific interactions in these regions. In the third
model, where the probability of habitat overlap exceed-
ed 80%, only a few localized areas throughout the basin
exhibited significant overlaps, highlighting specific re-
gions of increased potential for coexistence. Despite the
overall reduction in overlapping areas, certain hotspots
of coexistence persisted along the Egyptian and Tunisian

Table 3. Modelling evaluation showing the Treshold, TSS, AUC and Dev/st values for both species, highlighting the accuracy of

the MaxEnt models.
Species Threshold TSS AUC Dev/st
Callinectes sapidus 0.2455 0.7512 0.901 0.014
Portunus segnis 0.2857 0.6811 0.891 0.044
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coasts, underscoring areas of elevated interspecific inter-
action potential and ecological significance. These maps
confirm expectations indicating that areas with a chance
of a high coexistence of C. sapidus and P. segnis are the
ones where the environmental conditions are suitable
for both species, allowing their presence. However, it is
important to consider not only the presence of a suitable
habitat but also their biology and ecology. A key ecolog-
ical factor at the base of coexistence is competition. The
two species are both predators, so they might compete for
food resources. Habitat is another aspect of paramount
importance. Although C. sapidus, unlike P. segnis, needs
brackish-water environments to complete its life cycle,
they could co-occur in the open sea because they can in-
habit coastal sandy bottoms at least for a part of their life
cycle. Lastly, temperature, which we have already identi-
fied as a key parameter, especially for P. segnis, may help
explain the current and future distribution of the two spe-
cies. On the one hand, P. segnis, which comes from the
Red Sea and the western Indian Ocean, tends to prefer the
warmer areas of the Mediterranean; on the other hand, the
temperate west-Atlantic origin of C. sapidus might have
favored its wide spreading throughout the Mediterranean
basin (Marchessaux et al., 2022; 2024).

Our study offers comprehensive insights into habitat
suitability and potential coexistence dynamics of invasive
decapod species within the Mediterranean basin. By in-
tegrating MaxEnt modeling techniques with habitat over-
lap analysis, we have provided a holistic understanding
of species distributions and ecological interactions, there-
by informing targeted conservation efforts and invasive
species management strategies. Future research endeav-
ors should prioritize the refinement and validation of pre-
dictive models, the inclusion of additional environmental
variables, and the integration of spatiotemporal dynam-
ics to enhance the accuracy and applicability of habitat
suitability assessments. Continued monitoring efforts and
collaborative initiatives are imperative for addressing the
ongoing challenges posed by biological invasions and
safeguarding the ecological integrity of the Mediterra-
nean ecosystem. The possibility that C. sapidus and P,
segnis may coexist in certain areas of the Mediterranean
is made plausible not only by the environmental condi-
tions of the entire basin and their evolution but also by the
ecology of the two species. Along the Atlantic coast of
America, C. sapidus has been observed competing with
the lady crab, Ovalipes ocellatus (Herbst, 1799), and the
Atlantic rock crab, Cancer irroratus (Say, 1817), at the
mouths of several rivers (Stehlik et al., 2004). Dietary
overlap has been identified with Callinectes similis (Wil-
liams, 1966) and Callinectes ornatus (Ordway, 1863). In
general, the genus Callinectes is particularly competitive
and aggressive (Ben Abdallah-Ben Hadj Hamida et al.,
2019). The future coexistence of C. sapidus and P. seg-
nis in certain areas of the Mediterranean could result in
significant ecological interactions. Given the competitive
nature of C. sapidus, known for its aggressive behavior
and dietary overlap with other species, it is likely that both
species will compete for similar resources. Both species
are carnivores and feed on a wide variety of prey items
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(Mancinelli et al., 2017; Hamida et al., 2019). Moreover,
the introduction of these crabs might affect the local bi-
odiversity and ecosystem dynamics, potentially leading
to unforeseen consequences for the marine environment.
To fully understand the implications of their coexistence,
comprehensive studies are necessary, focusing on their
ecological roles, competition mechanisms, and potential
impacts on native species and habitats in the Mediterra-
nean.
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