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Abstract: Anoxia (Protanoxia) orientalis is a beetle of the family Melolonthidae for which Italy rep-
resents the western limit of its distribution. The ecology of this species is little known from the
quantitative point of view. The ecological correlates of A. orientalis presence in the whole European
range and, more specifically, at its western border in Sicily, are analyzed in this paper to develop a
potential distribution map for Sicily and to define the habitat selection of this species. There was
a clear non-random habitat selection by A. orientalis at both the European and the Sicilian scales
and a clear difference in the factors affecting the presence of this species in the larger spatial scale
compared to Sicily. At the European scale, the bioclimatic factors were more important than landscape
factors, whereas the same was not true at the Sicilian scale. In Sicily, the populations were statistically
influenced by a combination of predictors that make their potential optimal distribution very narrow
and mostly limited to a few coastal areas, suggesting a region-specific ecological diversification. Since
A. orientalis is in strong decline in Italy due to the degradation of coastal environments, it is necessary
to minimize the degradation of the dune and back dune environments in Sicily to achieve better
management for the populations of this beetle species.

Keywords: scarabaeidae; melolonthini; Europe; Sicily; ecological modelling; distribution

1. Introduction

Factors associated with occurrence and habitat preferences are not constant across
the whole distribution range of a species but may change locally and in general may be
different at the peripheral areas than in the core areas of a species’ range [1]. Thus, analyzing
these factors at the borders versus the core areas of a species’ range is important to better
understand the ecological and biogeographical dynamics behind the apparent distribution
patterns of a given species [2].

Anoxia (Protanoxia) orientalis Krynicki, 1832 (Figure 1) is a beetle of the family Melolon-
thidae, characterized by an overall length of 21–32 mm, with an Eastern European chorotype
(sensu [3]). Its wide range includes Austria, Bosnia and Herzegovina, Bulgaria, Croatia,
Greece, Hungary, Italy, Macedonia, Romania, Russia, Turkey [4,5], Ukraine, Serbia, Slove-
nia, Syria, Lebanon and Israel [6–8]. This species also occurs in Italy. That is interesting from
the ecological and biogeographical point of view (sensu [1]) as it represents the western
limit of its distribution. Indeed, A. orientalis was found in a small, disjointed population
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near the marshes of Orbetello in Tuscany [9], in a few stations in Calabria [10–13], and
in a comparatively higher number of sites in Sicily [14–16]. The ecology of this species is
little known from the quantitative point of view, but it is known that the flight period runs
from May to the end of July depending on the geographical area considered [5]. In Sicily,
non-quantitative studies revealed that the species’ phenology peaks between the third
week of May and the first week of June. At dusk, swarms of this beetle can be observed
flying on the top of tamarisks and reed beds, remaining active for about 30/40 min before
disappearing under the sand or, more rarely, clinging to the shrubs or bushes of Onopordum
where they can also be observed in the daylight hours [17]. Studies carried out in Central
Europe (Hungary, see [18]) have shown that oviposition occurs about a week after mating,
with eggs being laid in the roots of the host plants. The larva hatches the following year
and takes another three years before reaching the imago stage. No data concerning the
phenology of reproduction of A. orientalis are available for the western Mediterranean
range, where it is likely that the life cycle is shorter. Empirical evidence suggests that A.
orientalis inhabits a wide range of habitats across its range, from sandy coasts to deciduous
lowland forests and orchards, e.g., see [18].

Figure 1. Anoxia orientalis from “Foce del Simeto”, Sicily.

In this study, we (i) analyze the ecological correlates of A. orientalis presence at different
spatial scales, i.e., in the whole European range and, more specifically, at its western border
in Sicily, (ii) develop a potential distribution map for Sicily, (iii) define landscape and land-
use characteristics where the species is present compared to random sites and (iv) outline
the main conservation implications of our study.
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2. Materials and Methods
2.1. Study Area and Protocol

This study is based on both field and literature data. Original field data were collected
only throughout Sicily during the period 2012–2021. Sicily has a typical Mediterranean
climate, with a long hot and dry summer and with precipitation concentrated in autumn
and spring. Specimens were collected by hand or by light traps, and/or photographed
during the twilight flight (between about 20:45 and 21:30) or immediately after whilst
clinging to vegetation, alone or in copulation. Light traps consisted of a white sheet resting
on the ground and illuminated with a black light lamp (Wood’s light) and a cold white
light (color temperature 6500 degrees Kelvin)—both 20w and powered by lithium batteries
from 20,000 mha. This system was combined with another mobile trap system consisting
of a white umbrella illuminated by a 390–405 nm UV LED. The presence of the species
at given sites was also ascertained by elytra or fragments of specimens opportunistically
encountered in the field. Some captured specimens were dry prepared and stored.

In case of bibliographic data, only those studies reporting precise geographic co-
ordinates were included (see Figure 2). These bibliographic records included localities
appearing in a search on the main naturalistic forums (www.entomologiitaliani.net; www.
naturamediterraneo.com; both lastly accessed on 14 November 2021), online databases
(www.inaturalist.org; last accessed on 14 November 2021) and groups present on Facebook
(“Faunasiciliana”, “Entomology”). In all cases, reports were critically screened by selecting
only those from which it was possible to precisely determine the point of collection and
the species’ identity through unambiguous photos. However, it cannot be excluded that
there would be some cryptic taxa, currently identified as A. orientalis, within the wide
species’ range.

Figure 2. Distribution of the presence and random points of Anoxia orientalis in Europe.

2.2. Statistical Analyses

We downloaded bioclimatic rasters for the whole European scale (Maximum tempera-
ture, minimum temperature, average temperature, precipitation, solar irradiation and wind)
from the world climate database available at: https://www.worldclim.org/data/bioclim.
html (last accessed on 3 May 2022). For each occurrence point we created a buffer area of
8,5 Km radius. To select the random points at the European scale, we produced a convex
polygon with the creation of minimum bounding geometry around the selected points. The
extension of the convex (11.1666666666650034, 32.8333333333280066:35.1666666651290072,
47.6666666657120075) polygon was used to clip all the rasters. Climatic data of Sicily
(12.224950443, 15.713481331, 36.605915330, 38.876360611 [EPSG:4326]) was downloaded
from CFSR Global Weather Data for SWAT 1979–2014 (https://swat.tamu.edu/data/; last
accessed on 3 March 2022) [19,20]. Climatic data were processed with Excel 2016 and with

www.entomologiitaliani.net
www.naturamediterraneo.com
www.naturamediterraneo.com
www.inaturalist.org
https://www.worldclim.org/data/bioclim.html
https://www.worldclim.org/data/bioclim.html
https://swat.tamu.edu/data/
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QGIS 3.22; for the spatial data, the cubic interpolation with Delaunay triangulation was
used to obtain the climatic raster in the time span 1979–2014 of the maximum temperature,
the minimum temperature, the average temperature for May, June and July, winds, rela-
tive humidity, precipitation and solar irradiation. For Sicily, land use was obtained from
Copernicus Global Land Operations (https://land.copernicus.eu/global/products/lc; last
accessed on 3 May 2022) [21]. The discrete classification map provides 23 classes and is
defined using the land cover classification system (LCCS) developed by the United Nations
(UN) Food and Agriculture Organization (FAO). The Land Cover V2.0 products were
delivered in a regular latitude/longitude grid (EPSG:4326) with the ellipsoid WGS 1984
(terrestrial radius = 6378 km). The resolution of the grid was 1◦/1008 or approximately
100 m at the equator. The coordinate reference system of the project was reprojected with
SCRWGS 84 EPSG 4326. Fourteen land-use variables that were not autocorrelated were
used for this paper (Table 1). To provide a potential distribution map for Anoxia orientalis
in both Sicily and Europe, we used the MAXENT version 3.4.4, with the entropy being
defined as (Phillips et al. 2006):

H(π̂) = − ∑
x∈X

π̂(x) ln π̂(x) (1)

where x are the pixels of the study area, π = the probability distribution, and π̂ is the
entropy. The raster format used in the MAXENT of the land use had the same cell size,
extent and projection system as that used for the GLM model. The C-Log-Log function
was performed with parameters of presence points and the land use raster. Then, the
MAXENT model was set with 10,000 maximum random points, 5000 maximum iterations,
the random test being 25%, and the resampling technique used being the cross validation.
For both the European and the Sicilian scales, we used both climatic and land use data
for the presence-only sites to build the MAXENT models. For the European scale, raw
data outputs and control parameters were: (i) regularized training gain = 2.236, train-
ing AUC = 0.969, unregularized training gain = 2.561; (ii) unregularized test gain = 2.214;
(iii) test AUC = 0.962, standard deviation = 0.009. The model algorithm converged after
560 iterations, with 69 presence records used for training and 23 for testing. Overall,
10,069 points were used to determine the MAXENT distribution (background points and
presence points). As for the regularization values: linear/quadratic/product = 0.139, cat-
egorical = 0.250, threshold = 1.310, hinge = 0.500 and the random test points = 25. For
the Sicilian scale, raw data outputs and control parameters were: (i) regularized training
gain = 1.862, training AUC = 0.853, unregularized training gain = 1.449; (ii) unregular-
ized test gain = 1.763; (iii) test AUC = 0.976, standard deviation = 0.054 (calculated as in
DeLong et al., 1988, Equation (2). The model algorithm converged after 380 iterations,
with 18 presence records used for training and 6 for testing. Overall, 10,018 points were
used to determine the MAXENT distribution (background points and presence points).
As for the regularization values: linear/quadratic/product = 0.481, categorical = 0.250,
threshold = 1.820, hinge = 0.500, and the random test points = 25.

https://land.copernicus.eu/global/products/lc
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Table 1. List of the CORINE land cover variables used for both the Anoxia orientalis presence points
and the random points used for the analyses in the present paper.

Definition According UN LCCS MAP COCDE Land Cover Class

These are woody perennial plants with persistent and woody stems
and without any defined main stem being less than 5 m tall. The

shrub foliage can be either evergreen or deciduous.
HISTO_20 Shrubs

Plants without persistent stem or shoots above ground and lacking
definite firm structure. Tree and shrub cover is less than 10%. HISTO_30 Herbaceous vegetation

Lands covered with temporary crops followed by harvest and a bare
soil period (e.g., single and multiple cropping systems). Note that

perennial woody crops will be classified as the appropriate forest or
shrub land cover type.

HISTO_40
Cultivated and managed
vegetation/agriculture

(cropland)

Land covered by buildings and other man-made structures HISTO_50 Urban/built up

Lands with exposed soil, sand or rocks and never has more than 10%
vegetated cover during any time of the year HISTO_60 Bare/sparse vegetation

Lakes, reservoirs and rivers. Can be either fresh or salt-water bodies. HISTO_80 Permanent freshwater
bodies

Land with a permanent mixture of water and herbaceous or woody
vegetation. The vegetation can be present in either salt, brackish or

fresh water.
HISTO_90 Herbaceous wetland

Tree canopy > 70%, almost all needle leaf trees remain green all year.
Canopy is never without green foliage. HISTO_111 Closed forest, evergreen,

needle leaf

Tree canopy > 70%, consists of seasonal broadleaf tree communities
with an annual cycle of leaf-on and leaf-off periods. HISTO_114 Closed forest, deciduous

broad leaf

Closed forest, mix of types HISTO_115 Closed forest, mix

Closed forest, not matching any of the other definitions HISTO_116 Closed forest, unknown

Top layer trees 15–70% and second layer-mixed of shrubs and
grassland, almost all needle leaf trees remain green all year. Canopy

is never without green foliage.
HISTO_121 Open forest, evergreen

needle leaf

Top layer trees 15–70% and second layer mixed of shrubs and
grassland, consists of seasonal broadleaf tree communities with an

annual cycle of leaf-on and leaf-off periods.
HISTO_124 Open forest, deciduous

broad leaf

Open forest, not matching any of the other definitions HISTO_126 Open forest, unknown

Permanent freshwater bodies, lagoons, estuaries HISTO_200 Freshwater systems

For the large scale (European) analysis, we downloaded the species’ occurrence points
from the GBIF Database (https://doi.org/10.15468/dl.tv9sm6; last accessed on 14 Novem-
ber 2021) and selected only the presence point labelled as “This observation is Research
Grade! It can now be used for research and featured on other websites”. In this way, it was
possible to select 45 presence points which were added to the 48 original presence points
used for the Sicilian distribution modeling.

The land use of Europe was created with the alignment of a set of rasters downloaded
from Copernicus Global Land Operations (https://land.copernicus.eu/global/products/lc;
last accessed on 14 November 2021) [21] with the same parameters mentioned above for
Sicily land use. A total of 114 random points were created within a MultiPolygon (Extent
10.6877552918004284, 32.4143404291684689:35.5075368339517539, 48.1279291305885693).
A buffer zone with a radius of 300 m was created for both the presence points and the
random points.

For the raster layer analysis, the algorithm “Zonal histogram” was used. This algo-
rithm appends fields representing counts of each unique land-use variable value from
a raster layer containing the polygons. The resulting output table has as many fields as

https://doi.org/10.15468/dl.tv9sm6
https://land.copernicus.eu/global/products/lc
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the unique value of the raster intersecting the polygons. We then calculated the relative
percentage of each land-use variable within each polygon, with a same procedure being
applied for both the presence and the random points.

The effect of the various land use/climatic variables on the presence/absence of the
study species was explored by logistic regression using a forward stepwise addition. Thus,
whereas for the MAXENT models we used only presence data, for the logistic regression
analyses we used the presence versus random data as the dependent variable, as this type
of analysis can be performed only with a binary dependent variable [22]. Three logistic
regression models were run: (i) all data included, (ii) Europe without Sicily, and (iii) only
Sicily. In this modelling procedure, the variables were presented in the final equation by
order of entrance in the models. For this analysis, 11 CORINE land cover (CLC) variables
that were not autocorrelated (p > 0.05) were considered (Table 1). Individual variables were
tested for explanatory power with G-statistics in univariate logistic regression analysis,
and presence data were contrasted with the random data that were chosen from the same
geographic area constituting the species’ range [22]. We equilibrated the impact of presences
and random (=absences) data through a weighting procedure [23], and we used a correct
classification score (CCS) to show the percentage of correctly described presences and
absences at π(x) = 0.5. Models were derived with the Bonferroni correction [24,25]. Logistic
regressions were made using PASW 18.0 statistical software. All tests were two-tailed with
alpha set at 5%.

3. Results
3.1. Ecological Modelling at Two Spatial Scales

A total of 93 presence sites were uncovered during the present study, including 47
from our field surveys throughout Sicily and 46 from the literature (Appendix A), whereas
a total of 114 random points were used for building the distribution models. Some of these
presence sites were relative to very nearby sites and are therefore presented only once in
Appendix A. The distribution of the presence and random points at the two spatial scales
is given in Figure 2.

A logistic regression model applied to the whole available dataset (Wald = 0.237,
df = 13, p = 0.569) uncovered six significant variables that were positively correlated
with the presence of the species, with three variables being by far the most important
(i.e., HISTO_50, HISTO_40 and HISTO_114; Table 2). After the Bonferroni correction, the
significance of HISTO_20 and HISTO_110 disappeared from the model. Thus, the final logit
equation for A. orientalis at the European scale was as follows:

G(x) = −0.068 + 48.735 × HISTO_50 + 30.951 × HISTO_40 + 29.139 × HISTO_114
+ 23.615 × HISTO_126 + 16.985 × HISTO_80 + 12.828 × HISTO_114.

(2)

Considering only Europe (without Sicily), the logistic regression model (Wald = 22.168,
p < 0.0001) uncovered four variables significantly and positively affecting the species’
presence, with only one (HISTO_50) being by far the most important (Table 2). The resulting
equation was:

G(x)i= −0.809 + 49.044 × HISTO_50 + 13.39 × HISTO_114 + 12.485 × HISTO_126 + 7.551 × HISTO_40.

At the Sicilian scale, the logistic regression (Wald = 25.273, df = 13, p < 0.00001) revealed
that after the Bonferroni correction, nine variables were correlated with the presence of the
species (Table 2) according to the following logit:

G(x)ii= −0.208 + 45.693 × HISTO_80 + 22.166 × HISTO_50 + 18 − 176 × HISTO_121 + 11.421 × HISTO_200 +
10.266 × HISTO_90 + 8.406 × HISTO_20 + 8.406 × HISTO_124 + 8.215 × HISTO_115 + 11.421 × HISTO_40+.

(3)

Comparing G(x)i with G(x)ii, there were remarkable differences (Table 2) with seven
variables that were significant for Sicily but not for Europe (HISTO_20, HISTO_80, HISTO_90,
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HISTO_115, HISTO_121, HISTO_124, HISTO_200) and two variables that were significant
for Europe but not for Sicily (HISTO_114 and HISTO_126). Instead, two variables were
significant at either spatial scale (HISTO_40, HISTO_50), and the remaining three variables
were not significant at any spatial scale (Table 2).

Table 2. Results of a logistic regression analysis on the relationship between Anoxia orientalis occur-
rence and habitat characteristics (explained as land use CORINE categories) at different spatial scales
(overall, in its European range and in Sicily). Significance is in boldface. Note that despite their
p-value being <0.05, the significance of some variables disappeared after the Bonferroni correction
was applied. Codes for the variables are as in Table 1.

Variable All Data Europe without Sicily Sicily

Estimate p-Value Estimate p-Value Estimate p-Value

HISTO_20 3.88 0.049 0.036 0.849 8.406 0.004
HISTO_30 0.127 0.721 0.614 0.433 5.776 0.016
HISTO_40 30.951 0.0001 7.551 0.006 11.421 0.001
HISTO_50 48.735 0.0001 49.044 0.0001 22.166 0.00001
HISTO_80 16.985 0.0001 0.978 0.323 45.693 0.00001
HISTO_90 3.291 0.07 4.947 0.026 10.266 0.001
HISTO_110 4.113 0.043 1.738 0.187 0.822 0.365
HISTO_114 29.139 0.0001 13.39 0.0001 3.911 0.048
HISTO_115 1.945 0.163 0.64 0.424 8.215 0.004
HISTO_116 1.125 0.289 2.964 0.085 3.963 0.047
HISTO_121 0.547 0.459 1.614 0.204 18.176 0.00001
HISTO_124 12.828 0.0001 5.478 0.019 8.406 0.004
HISTO_126 23.615 0.0001 12.485 0.0001 5.776 0.016
HISTO_200 3.223 0.0781 3.576 0.059 11.421 0.001

3.2. Graphical Model Map for Anoxia Orientalis in Europe

The distribution of A. orientalis presence points in relation to the investigated variables
resulted in a valid MAXENT model according to the ROC pattern (Figure 3). The most
important variables affecting the presence were bioclimatic (Table 3), with a graphical
spatial model showing that the most suitable areas of presence were along the coast
(Figure 4).

Figure 3. ROC curve for the MAXENT modelling of the potential distribution of Anoxia orientalis in
Europe.
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Table 3. Relative importance of the various factors associated with the presence points in a MAXENT
modelling on the potential distribution of Anoxia orientalis in Europe.

Variable % Contribution Permutation Importance

Minimum Temperature 30.7 44.9
Land Use 22.9 11.6

Average Temperature 19 0
Maximum Temperature 18.3 4

Wind 7.9 17.7
Precipitation 1.2 21.8

Figure 4. Graphical model map of Anoxia orientalis in Europe. Different colors would indicate the
probability of occurrence of the species on the basis of the given ensemble of predictors.

3.3. Graphical Model Map for Anoxia Orientalis in Sicily

The distribution of A. orientalis presence points in relation to land use and bioclimate
in Sicily is given in Appendix B, whereas the climate ensemble is given in Appendix C.
The MAXENT model appeared statistically valid according to the ROC pattern (Figure 5),
with the land-use characteristics and the relative humidity being the two most important
factors associated with the presence points of A. orientalis in Sicily (Table 3). The resulting
graphical model map showed that this species had very narrow areas of optimal suitability
in Sicily, almost entirely situated along the coast (Figure 6), with the landuse variables
being far more important than the bioclimatic variables (Table 4).
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Figure 5. ROC curve for the MAXENT modelling of the potential distribution of Anoxia orientalis
in Sicily.

Figure 6. Graphical model map of Anoxia orientalis in Sicily. Different colors would indicate the
probability of occurrence of the species on the basis of the given ensemble of predictors.

Table 4. Relative importance of the various factors associated with the presence points in a MAXENT
modelling on the potential distribution of Anoxia orientalis in Sicily.

Variable % Contribution Permutation Importance

Land Use 58.1 23.0
Minimum Temperature 12.3 2.2

Relative Humidity 10.2 30.8
Precipitation 6.8 19.5

Average Temperature 6.1 19.4
Wind 4.7 2.7

Solar Irradiation 1.7 2.3
Maximum Temperature 0.0 0.0

4. Discussion

This study showed two main patterns: (i) an obvious non-random habitat (=land use
category) selection by A. orientalis at both the European and the Sicilian scales, and (ii) a
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clear difference in the factors affecting the presence of this species in Sicily compared to the
larger spatial scale. Interestingly, the factors associated with the presence of A. orientalis
were partially different at the two spatial scales, thus suggesting a region-specific ecological
diversification of this widely distributed species in this Mediterranean island. More specifi-
cally, the Sicilian populations were statistically influenced by the presence of a combination
of seven variables that make their potential optimal distribution very narrow and mostly
limited to a few coastal areas. At the European scale, the bioclimatic factors were more
important than landscape factors, whereas the same was not true at the Sicilian scale.
At present, there are no data to evaluate why the Sicilian populations of A. orientalis are
different from those of the rest of Europe in terms of habitat (=land use category) character-
istics. However, it should be mentioned that apparently similar habitat use patterns are
also observed in other sympatric populations of melolonthinid beetles in Sicily, including
the endemic Polyphylla ragusae [26], Anoxia (Mesanoxia) matutinalis and Anoxia (Anoxia)
scutellaris (Muscarella et al., unpublished data).

Using statistical analyses and a MAXENT graphical model map, we also showed that
A. orientalis could be a habitat generalist in Europe, but in Sicily, the populations were
statistically influenced by a combination of predictors that make their potential optimal
distribution very narrow and mostly limited to a few coastal areas. Indeed, Anoxia orientalis
inhabits sandy coasts, both dunes and back dunes in almost all Sicily. Today, we can find
this species only in dunes because the back dune environment has been modified faster and
more extensively, thus the only remaining suitable habitat for this species is the terminal
sandy strip near the sea. A similar distribution and habitat patterns were observed in
the endemic Polyphylla ragusae [26]. We should, however, take into consideration that our
MAXENT model at the Sicilian scale suggests that it may poorly predict the distribution of
A. orientalis since most of the recorded localities (presence data) lie in the area of very low
probability of the occurrence of the species. We suppose that the scarce predictive spatial
power may depend on a combination of a relatively low number of presence cases and the
relatively inconsistent characteristics of some sites in terms of characterizing variables.

We hypothesize that the habitat selection patterns by the Sicilian A. orientalis is due to
the fact that this species is here at the edge of its distribution range and in a condition of
peninsularity (southern Italy) and/or insularity (Sicily). However, the available information
on the habitat requirements of A. orientalis in Italy and in Europe are just anecdotal and
purely descriptive, so they are difficult to be compared with our quantitative data. How-
ever, the available literature suggests that in Italy, the A. orientalis habitat of choice is intact
dune environments located mostly near river mouths that have a rich riparian vegetation
where it lives in coexistence with Polyphylla ragusae, Anoxia matutinalis, Anoxia scutellaris
and other species linked to the dunes, whereas it can rarely go towards the inland (Valle
del Crati, Trasi [13]). However, some differences in the distribution and type of habitat
preferred in Sicily by these species should be underlined. Indeed, Anoxia scutellaris sicula
and A. scutellaris argentea are exclusively dune-dwellers and limited to the northwestern
beaches [27] both in the northernmost (A. scutellarsi sicula) and southernmost territories
(A. scutellaris argentea). Polyphilla ragusae, instead, is widely diffused in all Sicilian coasts,
except a northeastern portion, with the nominal subspecies (from Palermo to Gela) and
with the ssp. aliquoi (from Gela to Syracuse). Moreover, it also prefers the back dune,
moving away from the coast, where possible, even for several kilometers [26]. Anoxia
matutinalis matutinalis is more sporadic on the coasts of all of Sicily but is present in various
inland locations [16] even at higher altitudes on Etna [28]. It also has a marked photophilic
behavior, thus being easily attracted to light traps (our unpublished observations). Consid-
ered in Central Europe as a harmful species for orchards and vineyards [29], A. orientalis
is, however, in strong decline in Italy due to the degradation of coastal environments [30].
Thus, the degradation of the dune and back dune environments should be considered
as the first cause of rarefaction of this species in Sicily, where almost all bibliographic
and our recent observations refer to locally abundant populations. The destruction of the
localities where A. orientalis lives may cause the disappearance of this species which, how-
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ever, tends to recolonize these environments if conditions for even partial renaturalization
are created. This is the case of the populations of the Buonfornello plain, between the
mouths of the Imera River and the River Torto [31], where Anoxia orientalis disappeared
after 1973–1975, then returned around 1990 and is now in a phase of further decline due to
new environmental alterations.

At the moment, the most abundant A. orientalis populations in Sicily are found at the
mouth of the Simeto River. Already known since the first half of the 1800s [31], they have
not shown any significant decrease in the last 50 years of observations in this locality that is
today even protected by law (“Oasi del Simento Nature Reserve”).
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Appendix A

Table A1. Summary of the Presence Records for Anoxia Orientalis on the Basis of Our Original Field
Surveys and Literature Data. LAT = latitude; LON = longitude.

LAT LON Place-Name References (All Last Accessed on 14th November 2021)

39.101644 26.213163 https://www.inaturalist.org/observations/97134414
45.751898 27.32421 https://www.inaturalist.org/observations/86405304
40.991452 24.710548 https://www.inaturalist.org/observations/87132596
40.991452 24.710548 https://www.inaturalist.org/observations/86967876
46.239098 20.015411 https://www.inaturalist.org/observations/87448339
46.238688 20.015373 https://www.inaturalist.org/observations/87450103
46.151047 30.551987 https://www.inaturalist.org/observations/86821141
32.854259 35.091865 https://www.inaturalist.org/observations/86473641
38.347366 16.451261 https://www.inaturalist.org/observations/85689461
41.245758 23.211645 https://www.inaturalist.org/observations/85581437
32.900622 35.094815 https://www.inaturalist.org/observations/81191664
32.89664 35.097284 https://www.inaturalist.org/observations/77881757

32.900434 35.09478 https://www.inaturalist.org/observations/81566882
32.90043 35.094584 https://www.inaturalist.org/observations/81566886

37.733756 27.032078 https://www.inaturalist.org/observations/82259755
32.859701 35.099585 https://www.inaturalist.org/observations/79568735
47.688475 19.126963 https://www.inaturalist.org/observations/55170843
46.238695 20.014683 https://www.inaturalist.org/observations/67563125
40.998301 25.173624 https://www.inaturalist.org/observations/62807179
40.270849 22.499536 https://www.inaturalist.org/observations/51340185
45.147493 29.677792 https://www.inaturalist.org/observations/61025928
40.991452 24.710548 https://www.inaturalist.org/observations/61956078
45.147784 29.677603 https://www.inaturalist.org/observations/53491085
43.29149 22.007421 https://www.inaturalist.org/observations/56512689

42.697708 23.321868 https://www.inaturalist.org/observations/54943275
45.154389 29.668756 https://www.inaturalist.org/observations/53384775
45.154281 29.668667 https://www.inaturalist.org/observations/53490939

https://www.inaturalist.org/observations/97134414
https://www.inaturalist.org/observations/86405304
https://www.inaturalist.org/observations/87132596
https://www.inaturalist.org/observations/86967876
https://www.inaturalist.org/observations/87448339
https://www.inaturalist.org/observations/87450103
https://www.inaturalist.org/observations/86821141
https://www.inaturalist.org/observations/86473641
https://www.inaturalist.org/observations/85689461
https://www.inaturalist.org/observations/85581437
https://www.inaturalist.org/observations/81191664
https://www.inaturalist.org/observations/77881757
https://www.inaturalist.org/observations/81566882
https://www.inaturalist.org/observations/81566886
https://www.inaturalist.org/observations/82259755
https://www.inaturalist.org/observations/79568735
https://www.inaturalist.org/observations/55170843
https://www.inaturalist.org/observations/67563125
https://www.inaturalist.org/observations/62807179
https://www.inaturalist.org/observations/51340185
https://www.inaturalist.org/observations/61025928
https://www.inaturalist.org/observations/61956078
https://www.inaturalist.org/observations/53491085
https://www.inaturalist.org/observations/56512689
https://www.inaturalist.org/observations/54943275
https://www.inaturalist.org/observations/53384775
https://www.inaturalist.org/observations/53490939
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Table A1. Cont.

LAT LON Place-Name References (All Last Accessed on 14th November 2021)

45.154432 29.668619 https://www.inaturalist.org/observations/53375260
40.271642 22.529 https://www.inaturalist.org/observations/51138706
32.893545 35.09933 https://www.inaturalist.org/observations/49617599
46.025264 32.93471 https://www.inaturalist.org/observations/40826845
45.598728 18.784591 https://www.inaturalist.org/observations/28199695
40.316898 23.043716 https://www.inaturalist.org/observations/26863007
46.090131 30.480397 https://www.inaturalist.org/observations/28544999
46.196785 30.423226 https://www.inaturalist.org/observations/27620819
47.585035 19.113417 https://www.inaturalist.org/observations/27395223
47.583659 19.112302 https://www.inaturalist.org/observations/27395410
46.975033 31.994583 https://www.inaturalist.org/observations/27226112
32.889121 35.099794 https://www.inaturalist.org/observations/26070769
42.410997 27.702439 https://www.inaturalist.org/observations/21388526
46.606761 19.84153 https://www.inaturalist.org/observations/14464759
42.275857 27.74654 https://www.inaturalist.org/observations/6995003
42.273628 27.749683 https://www.inaturalist.org/observations/13825485
38.855483 16.688403 https://www.inaturalist.org/observations/13645441
38.037355 13.56834 https://www.inaturalist.org/observations/13113393

38.0408389 12.9804 “Alcamo Marina foce
Calatubo” La Piana & Sparacio, 2006 [16]

37.2350583 15.18846667 “Augusta foce
Mulinello”

https://www.facebook.com/groups/Faunasiciliana/posts/2348
331308615536/

38.0017444 13.88930556
“Campofelice di

Roccella foce torrente
Rocella”

La Piana & Sparacio, 2006 [16]

37.3452833 15.09236111 “Carlentini Villaggio
San Leonardo”

https://www.facebook.com/groups/157858384240686/posts/48
00179503341861/

38.0385306 13.56623611 Casteldaccia original record

38.051975 13.55043889 “Casteldaccia foce
Milicia” original record

38.0584083 13.021625
“Castellammare del

Golfo foce San
Bartolomeo”

original record

37.4703611 15.08430556 Catania https://www.facebook.com/groups/Faunasiciliana/posts/1036
898449758835/

37.3986194 15.08847778 “Catania foce Simeto” Original record
37.39861 15.088477

37.5262056 15.11598611 “Catania Ognina” original record

37.4738389 15.08436944 “Catania vicino
aereoporto”

https://www.naturamediterraneo.com/forum/topic.asp?TOPIC_
ID=82971

37.3942167 13.27189444 “Cattolica Eraclea foce
Platani” original record

38.3473611 16.45125 Caulonia Marina original record

38.1829167 15.67283333 “Gallico Santa
Domenica I” original record

38.17975 15.67838889 “Gallico Santa
Domenica II” original record

38.1721444 14.89201944 Gioiosa Marea https://www.facebook.com/groups/Faunasiciliana/posts/1437
804403001569/

37.1334222 13.84478889 “Licata foce Gallina” https://www.facebook.com/groups/Faunasiciliana/posts/2343
963962385604/

37.91995 15.84061944 Marina di San Lorenzo https://www.facebook.com/groups/157858384240686/posts/47
77316018961543/

38.8554722 16.68841667 “Marindi Villaggio
Eucaliptus” original record

37.5825 12.866425 “Menfi foce Belice” original record

https://www.inaturalist.org/observations/53375260
https://www.inaturalist.org/observations/51138706
https://www.inaturalist.org/observations/49617599
https://www.inaturalist.org/observations/40826845
https://www.inaturalist.org/observations/28199695
https://www.inaturalist.org/observations/26863007
https://www.inaturalist.org/observations/28544999
https://www.inaturalist.org/observations/27620819
https://www.inaturalist.org/observations/27395223
https://www.inaturalist.org/observations/27395410
https://www.inaturalist.org/observations/27226112
https://www.inaturalist.org/observations/26070769
https://www.inaturalist.org/observations/21388526
https://www.inaturalist.org/observations/14464759
https://www.inaturalist.org/observations/6995003
https://www.inaturalist.org/observations/13825485
https://www.inaturalist.org/observations/13645441
https://www.inaturalist.org/observations/13113393
https://www.facebook.com/groups/Faunasiciliana/posts/2348331308615536/
https://www.facebook.com/groups/Faunasiciliana/posts/2348331308615536/
https://www.facebook.com/groups/157858384240686/posts/4800179503341861/
https://www.facebook.com/groups/157858384240686/posts/4800179503341861/
https://www.facebook.com/groups/Faunasiciliana/posts/1036898449758835/
https://www.facebook.com/groups/Faunasiciliana/posts/1036898449758835/
https://www.naturamediterraneo.com/forum/topic.asp?TOPIC_ID=82971
https://www.naturamediterraneo.com/forum/topic.asp?TOPIC_ID=82971
https://www.facebook.com/groups/Faunasiciliana/posts/1437804403001569/
https://www.facebook.com/groups/Faunasiciliana/posts/1437804403001569/
https://www.facebook.com/groups/Faunasiciliana/posts/2343963962385604/
https://www.facebook.com/groups/Faunasiciliana/posts/2343963962385604/
https://www.facebook.com/groups/157858384240686/posts/4777316018961543/
https://www.facebook.com/groups/157858384240686/posts/4777316018961543/
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Table A1. Cont.

LAT LON Place-Name References (All Last Accessed on 14th November 2021)

38.2142667 15.32884444 Milazzo

https://www.facebook.com/groups/Faunasiciliana/posts/9414
15572640457/

https://www.facebook.com/groups/Faunasiciliana/posts/4166
925993422716

42.41875 11.23402778 Orbetello https://www.entomologiitaliani.net/public/forum/phpBB3
/viewtopic.php?f=168&t=58565&hilit=anoxia+orientalis

37.9653389 15.38598056 Roccalumera https://www.facebook.com/groups/Faunasiciliana/posts/8405
38186061530/

38.2404528 15.42078333 Rometta Marea https://www.facebook.com/groups/96614526499/posts/101573
06497086500/

38.2233028 15.37206389 Spadafora https://www.facebook.com/groups/Faunasiciliana/posts/1425
504814231528/

38.8085583 15.22719167 “Stromboli
Ficogrande” La Piana & Sparacio, 2006 [16]

38.8009889 15.24130556 “Stromboli Scari”
La Piana & Sparacio, 2006 [16]

https://www.facebook.com/groups/Faunasiciliana/posts/2348
331308615536/

37.9822417 13.82250833 “Termini Imerese foce
Imera Settentrionale” original record

37.9926694 13.68858056 “Termini Imerese foce
San Leonardo” original record

37.9726639 13.77051667 “Termini Imerese foce
Torto” original record

37.5836806 12.81810833 “Triscina di Selinunte
dune” original record

38.2421194 15.42835278 Villafranca Tirrenica original record

Appendix B

Figure A1. Distribution of Anoxia Orientalis Presence Points in Relation to Land Use in Sicily. The
various CORINE landcover categories are given in the legend.

https://www.facebook.com/groups/Faunasiciliana/posts/941415572640457/
https://www.facebook.com/groups/Faunasiciliana/posts/941415572640457/
https://www.facebook.com/groups/Faunasiciliana/posts/4166925993422716
https://www.facebook.com/groups/Faunasiciliana/posts/4166925993422716
https://www.entomologiitaliani.net/public/forum/phpBB3/viewtopic.php?f=168&t=58565&hilit=anoxia+orientalis
https://www.entomologiitaliani.net/public/forum/phpBB3/viewtopic.php?f=168&t=58565&hilit=anoxia+orientalis
https://www.facebook.com/groups/Faunasiciliana/posts/840538186061530/
https://www.facebook.com/groups/Faunasiciliana/posts/840538186061530/
https://www.facebook.com/groups/96614526499/posts/10157306497086500/
https://www.facebook.com/groups/96614526499/posts/10157306497086500/
https://www.facebook.com/groups/Faunasiciliana/posts/1425504814231528/
https://www.facebook.com/groups/Faunasiciliana/posts/1425504814231528/
https://www.facebook.com/groups/Faunasiciliana/posts/2348331308615536/
https://www.facebook.com/groups/Faunasiciliana/posts/2348331308615536/
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Appendix C

Figure A2. Spatial Distribution of the Climatic Variables of Sicily.
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