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Abstract
The lionfish Pterois miles (Bennett, 1828) is one of the most successful invasive aquatic species globally.
Recently, few individuals have been reported from the East Mediterranean Sea. The potential distribution of
the lionfish in the Mediterranean has been examined by using open access data from the GBIF, data from the
new sites as well as environmental data from the BioOracle dataset. A maximum entropy model (MaxEnt) was
developed based on these data, which was used to identify areas for the potential distribution of the species as
well as to examine the factors that promote it.
Keywords: Pterois miles, Lionfish, Mediterranean, MaxEnt, BioOracle.

1. Introduction
In order to predict the distribution of species, the use of presence only data and environmental
variables has become a diffusive method in order to address ecological and biogeographical
questions (Peterson et al., 2011). Algorithms and models, distribution data and geophysical variables
establish complex mathematical relationships and thus Species Distribution Models (SDMs) can be
used to estimate the potential distribution of the studied species, the probability of presence under
the studied conditions when these are projected into the geographical space (Soberon & Nakamura,
2009). One of the most important and useful application of this approach is the model projection to
the future (application of climate change scenarios) or to new areas, for the prediction of the
potential areas of invasion by non indigenous species in both aquatic and terrestrial environments
(Thuiller et al., 2005; Wang et al., 2014). These potential areas are suitable areas yet not occupied by
the species. Techniques to identify these areas need presence-only data (Jimenez-Valverde et al.,
2008). Presence-only models include diverse methods and algorithms, among them MaxEnt (Phillips
et al., 2006). The MaxEnt model approach is one of the most popular niche model applications in
species distribution. It uses the principle of maximum entropy on presence-only data in order to
estimate a set of functions that correlate habitat suitability and environmental variables with the
potential geographic distribution.
Invasive species can be detrimental to ecosystems by altering habitats, competing with native
organisms for limited resources, reducing biodiversity and causing extinctions of native species
(Kalogirou, 2011; Katsanevakis et al., 2014). The lionfish Pterois miles (Bennett, 1828) and the
congeneric Pterois volitans (Linnaeus, 1758) are among the most successful invasive aquatic species
(Albins & Hixon, 2008). They have been introduced to the West Atlantic in the middle 90s’ through
aquarium trade and now they have been spread to the Caribbean Sea, the Sea of Mexico and the
Florida coastal zone (Schofield, 2010). In the eastern Mediterranean, P. miles has been infrequently
observed from 1992 until now (Golani & Sonin, 1992; Bariche et al., 2013; Evripidou, 2013). The aim
of this work is to identify suitable areas for the lionfish in the Mediterranea Sea by incorporating
presence data from open access sources like the Global Biodiversity Information Facility (GBIF) and
marine environmental variables from the BioOracle database (Tyberghein et al., 2012) into the
MaxEnt model. The results can support an early warning system for the identified areas as the
species is highly venomous for the fishermen and the divers, persons that potentially could have a
close encounter with it.
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2. Materials and methods
2.1 Presence Data & Environmental Variables

Global Biodiversity Information Facility (GBIF, 2013) is one of the well-known open access data
sources of the presence of animals and plants globally. It currently hosts >52.000.000 occurrences of
>1.400.000 species globally. Pterois miles occurrence records have been extracted from the database
in the form of xml. A total of 623 records are included in the database, including data from the
invasive area of West Atlantic. Data for the Mediterranean have been extracted after the review of
the aforementioned literature. Five records so far have been extracted and used. From the GBIF
dataset, 503 georeferenced records have been used, as the rest didn’t include location information.
All data have been stored in a database for further use in the model process (Fig. 1).

Fig. 1. Georeferenced data on the distribution of Pterois miles (Data for the Mediterranean Sea in red).

ORACLE dataset provides marine environmental information for global-scale applications. ORACLE
offers an array of geophysical, biotic and climatic data at a spatial resolution 5 arcmin (9.2 km) in the
ESRI ASCII format. Modelling techniques are sensitive to multicollinearity among the predictor
variables used. Available predictor variables (23) were tested for multicollinearity based on
Spearman’s rank correlation (r.s, 0.7). This resulted in a subset of 9 uncorrelated predictor variables
which were used as initial input to the models (Table 1). Presence data and environmental variables
have been processed and analyzed by using the SDMtoolbox in ArcGIS 10.2 (Brown, 2014).
Table 1. Predictor variables used in the Model.
Name
Mean Sea Surface Temperature
Silicate
Salinity
Phosphate
Ph
Photosynthetically Available
Radiation
Dissolved oxygen
Chlorophyll A concentration
Calcite

Source
BioOracle
BioOracle
BioOracle
BioOracle
BioOracle

Unit
o
C
μmol/L
PSS
μmol/L
unitless

Abbr. name
sst_mean
silica_mean
sal_mean_an
phos_mean
ph_mean

BioOracle
BioOracle
BioOracle
BioOracle

Einstein/m²/day
ml/l
mg/m³
3
mol/m

par_mean
dissox
chlo_mean
calcite_mean

2.2 MaxEnt.

MaxEnt is a machine-learning method that fits the probability distribution of maximum entropy
for presences, constrained by the values of the pixels where the species has been found. The
convergence to the optimal probability is guaranteed by the deterministic algorithms (Phillips et al.,
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2006; Elith et al., 2011). MaxEnt 3.3.3k (http://www.cs.princeton.edu/~schapire/maxent/) was run
with default parameters. The prepared dataset has been split into two parts: (a) with (henceforth
MOD1) and (b) without (MOD2) the Mediterranean records. This has been selected in order to use
the Mediterranean records as validation data for the projection of the potential distribution in new
Mediterranean areas.
3. Results.
When the 503 georeferenced data from GBIF have been used in the model, apart from the known
places that Pterois miles occurs, including the expansion to the West Atlantic, new areas in the
Mediterranean have been flagged as potential areas for future expansion (Fig. 2, Fig. 3). When the
known locations from the Mediterranean Sea have been incorporated to the model analysis, the
same areas in the Mediterranean as previous (MOD2) have been highlighted as potential areas for
the expansion. By superimposing the known locations from the Mediterranean, these have been
placed in areas of high probability of distribution (>0.8). Model performance has been tested by
using the Area under the Receiver Operating Characteristic Curve, known as AUC. Is derived from the
Receiver Operation Characteristics Curve (ROC) and is calculated by the MaxEnt app. In all models
(MOD1 and MOD2) the value of AUC is > 0.9; the results are close to perfect prediction. Mean
Temperature and Mean Chlorophyll have the most important contribution to the model.

Fig. 2. Globally probability of the distribution of Pterois miles (MOD2).

Fig. 3. Probability of the distribution of Pterois miles in the Mediterranean Sea (MOD2).
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4. Conclusions/Discussion
The results provide an insight to the potential expansion of the lionfish in the Mediterranean Sea and
the identification of the suitable areas for it to establish. By using the GBIF data only in order to train
the model, excluding the Mediterranean records, the model show that for the certain species, the
results are promising. Such approach should be used in high level planning in the scale of
Mediterranean in the cases of newly invaders in order to identify the potential distribution. Also by
using modelling techniques, the factors that will promote can be identified (based on the
environmental data). The results can be used in an early warning system to inform the authorities in
cases of species entrance which can cause problems to the human health, to high value biodiversity
elements and to the aquaculture sector. Moreover, human activities like fishing can be affected by
them, as in our studied species, the lionfish has strong poison in the spines and potentially can
become harmful as well as due to the fact that are carnivores and feed on small crustaceans and fish,
including the young of important commercial fish species. New records, if any, will be incorporated in
the model in order to have a better understanding on the spread and the factors that promote it.
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