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Abstract. This work increase the knowledge related to bat fauna present
in the “Monte Pellegrino” Nature Reserve in the Palermo municipality.
The acoustic sampling took place in the summer/autumn season using the
D500X Bat detector in 22 samples. The identified signals were attributed
to 8 species and one genus. The Taxa with the most passes in the reserve
are: Tadarita teniotis followed by Pipistrellus kuhlii, Hypsugo savii (100%
of Costancy), Pipistrellus pygmaeus, Pipistrellus pipistrellus, Plecotus sp.,
Miniopterus schreibersii and last with a single recording Rhinolophus
ferrumequinum and Rhinolophus hipposideros. The dendrogram of
similarity shows 3 distinct bats cenosis. Two samples present intense
activity in almost all time slots and three samples, close to each, show a
peak increase in the intermediate time slots for the three most abundant
species. The analysis carried out on the environmental preferences shows
that among the 13 Corine Land Cover (CLC) habitats, the highest number
of passes is recorded in Artificial lakes (code 5122), Orchards (code 222)
and Arid limestone grassland (code 3211). The Arid limestone grassland
habitat (code 3211) has the highest Shannon Index value, while the Mastic
stain habitat (code 32312) has the lowest diversity value. The dendrogram
of similarity shows two clusters. In the first there are Gorse (code 32231),
Mediterranean scrub (code 31111), Orchards (code 222), Mosaic of
agricultural plots (code 242), while the second cluster contains the
remaining habitats.

1 Introduction

Sicily is the largest island in the Mediterranean and has a great variety of habitats.
Despite this, the data and knowledge related to Chiropterofauna are few and fragmented.

Nowadays the checklist of bats of the Sicilian territory includes 24 species [1]. Only
recently Gaisler’s long-eared bat Plecotus gaisleri [2] is added to the list for the island of
Pantelleria bringing the number of bats species in the Sicilian Region to 25. The most
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recent studies, although scarce in numbers, took place in almost all the provinces of the
Sicily [3-6], however, there are still many gaps and further studies are needed.

The lack of data both from a systematic, physiological and ecological point of view is
due to the objective difficulties encountered in the detection of bats species and above all in
the direct observation of their individuals, to their nocturnal habits, the wide home-range,
and the difficulty of identifying individuals in flight [7].

2 Study Area

The research was carried out within the "Monte Pellegrino" Nature Reserve
established in 1996. It covers about 1,050 hectares and it is 606 meters a.s.l.. The mountain
is a carbonate massif and is a real ecological island. it is surrounded both by Palermo city
and by the sea and therefore exchanges with the external fauna are few. There is a high
biodiversity with rare and endemic Taxa of both plants and animals [8] like the Sicilian
Green Toad (Bufotes boulengeri siculus). This species is present with large population in
the Pond of Santa Rosalia, the only temporary wetland area of the reserve [9].

Today, also due to anthropization, the vegetation cover of the mountain has seen a
significant reduction in the scrub and holm oak forest. The species that characterize them
are Quercus ilex, Euphorbia dendroides, Chamaerops humilis and Ampelodesmos
mauritanicus. Furthermore, numerous reforestation works have been carried out consisting
of alien forest species such as Pinus halepensis, Eucalyptus gomphocephala and E.
camaldulensis and Cupressus arizonica [10]. Much of the vegetation cover of the
undergrowth of the summit plateau is made up of the thorny Galactites tomentosa. There
are also other non-native species such as Opuntia ficusindica, Agave americana and
Pennisetum setaceum which dominate on the southern side of the mountain.

3 Materials and Methods

Acoustic sampling took place in the summer/autumn months from 22 July to 10
October 2020 on discontinuous days, in a total of 21 stations. To these was added a further
sample in May 2020 that is in the Pond of Santa Rosalia (sample 1), in the presence of
water (the same sample was also examined in the summer/autumn period without water,
sample 7) raising the number of bioacoustic samples to 22. Bats communities were studied
using Pettersson's D500X Bat detector [11, 12], designed for passive monitoring. A range
of time was given with sunset activation and sunrise shutdown. The Bat detector stayed on
for an average of 10 hours for each night. The geographical coordinates and altitude of the
sampling sites were detected with GPS.

All recordings, each lasting 5s, were analysed using BatExplore 2.1.7.0 and BatSound
4.4 software in Time Expantion x10. For proper identification, the indications of Russo and
Jones [13] and Barataud [14] were followed. In some cases, in order to avoid errors of
identification, mainly due to the overlapping of certain frequencies, the classification has
been 1) attributed at the genus level (e.g. Plecotus sp.); or 2) assigned to the pair of species
(Pipistrellus kuhlii/Pipistrellus pipistrellus), or 3) defined as indeterminate.

To describe the bats community the analyses were based on the number of bats passes
of the different Taxa per stations. In order to assess the bats' habitat preferences, statistical
analyses were conducted using the Corine Land Cover (CLC) habitats Map of Sicily (scale
1: 50,000), within the boundaries of the reserve. With the help of the ArcGIS 10.2 software,
the portions of habitat falling within a buffer of 250 around sampling points have been
cropped, detecting the characteristics of the habitats and their surfaces falling in the
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selected areas (Fig. 1). To standardize the results, the number of total passes for Taxon was
divided by the number of samples which then fell into the different Corine Land Cover
(CLC) habitat. The use of Past 4.05 software has allowed us to perform all the analyses.

AR ' \E S Wl
Fig. 1. The “Monte Pellegrino” Nature Reserve with its 21 stations of sampling. Habitat types
for Corine Land Cover (CLC) codes are shown in Table 5.

4 Results

4.1 Analyses of Presences

We have collected 9,277 recordings with 12,979 total contacts. The signals analysed
were identified and attributed to 11 Taxa of which 8 at the species level, 1 only attributed to
the genus level and 2 uncertain (Table 1).
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Table 1. Taxa identified in the “Monte Pellegrino” Nature Reserve.

Scientific Name English Name
Rhinolophus ferrumequinum | Greater horseshoe bat
Rhinolophus hipposideros Lesser horseshoe bat
Pipistrellus kuhlii Kuhl’s pipistrelle
Pipistrellus pipistrellus Common pipistrelle
Pipistrellus pygmaeus Soprano pipistrelle
Hypsugo savii Savi’s pipistrelle
Plecotus sp. Long-eared bat
Miniopterus schreibersii Common bent-wing bat
Tadarita teniotis European free-tailed bat

The analyses are carried out both taking into account all samples (Table 2) and taking
into account only those where the taxon is present (Table 3).

Table 2. Taxa. The table takes into account all the samples.

Taxa Total bat| n.of Average| Std. | Max | Min
passes |samples
P. kuhlii 4068 22 184,91 |13,60| 881 1
H. savii 1765 22 80,23 [ 8,96 | 496 1
T. teniotis 6778 22 [ 308,09 |17,55| 1383 | 5
P. pipistrellus 68 22 309 (1,76 28 0
Plecotus sp. 62 22 2,82 1,68 22 0
P. pygmaeus 137 22 623 [250] 134 0
R. ferrumequinum 1 22 0,05 |0,21 1 0
R. hipposideros 1 22 0,05 |0,21 1 0
M. schreibersii 10 22 045 10,67| 10 0
P. kuhlii-P. pipistrellus| 78 22 355 | 1,88 24 0
Indeterminate 11 22 0,50 |0,71 4 0
Table 3. The table takes into account only the samples in which the Taxon is present.
Taxa n. of Costancy |Average| Std. | Max | Min
samples
P. kuhlii 22 100 184,91 | 13,60 | 881 1
H. savii 22 100 80,23 | 8,96 | 496 1
T. teniofis 22 100 308,09 | 17,55(1383] 5
P. pipistrellus 8 36,36 850 | 292 | 28 2
Plecotus sp. 14 63,64 443 | 2,10 | 22 1
P. pygmaeus 3 13,64 | 45,67 | 6,76 | 134 1
R. ferrumequinum 1 4,55 1,00 | 1,00 1 1
R. hipposideros 1 4,55 1,00 1,00 1 1
M. schreibersii 1 4,55 10,00 | 3,16 10 1
P. kuhlii-P. pipistrellus| 13 59,09 6,50 | 255 | 24 1
Indeterminate 6 27,27 1,57 | 125] 4 1
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The table 2 shows the analyses carried out on the number of bat passes for Taxon
taking into account each sample even when a Taxa was not present. The Taxa with the most
passes in the reserve are: 7. teniotis followed by P. kuhlii, H. savii, P. pygmaeus, P.
pipistrellus, Plecotus sp., M. schreibersii and last with a single recording R. ferrumequinum
and R. hipposideros. Uncertain calls have been attributed to P. kuhlii/P. pipistrellus and
indeterminate. The analyses in the table 3, on the other hand, take into consideration only
the samples in which the Taxon is present. It can be seen that the 3 dominant species with
100% Constancy Index are always T. teniotis, P. kuhlii and H. savii found in all samples.
Based on the number of bat passes, the Shannon Diversity Index was calculated. The mean
Shannon Index value for samples is 0.95 (£ 0.26; range 0.26-1.22). The dendrogram of
similarity, built from Morisita Index in Fig. 2, shows that in the reserve the similarity
between the 22 different samples is 65%, and there are 3 distinct bats cenosis.
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Fig. 2. Dendrogramm of Morisita similarity between 22 bioacoustic samples.

For each sample, the total number of passes for each time slot has been counted since
the first exit of the first Taxon at each sample to understand the time when bats have the
most activity (Table 4).

Table 4. Samples of interest as regards the number of bats passes for each time slot.

1 \P. kuhlii|H. savii |T. teniotis 18 P. kuhlii|H. savii [T. teniotis
20:1221:11 52 44 59 | 19302029 | 87 42 95
21:12-22:11] 39 15 210 | 20302129 ) 60 12 52
22:12:23:11| 23 11 130 | 21302229 | 74 6 84
23:12:00:11| 27 1 240 iiigégg 793 149 ;g
00:12-0L11] 17 3 15 100300129 | 108 | 45 124
01:12-02:11| 34 4 182 oo T 7 - 5
02:12-03:11| 28 1 103 1702300329 | 125 3 129
03:12-04:11] 53 1 95 [0330-0429 | 109 | 13 17
04:12-05:11| 37 2 2 0430-0529 | 144 1 116
05:12-06:11| 27 0 0 0530-0629 | 15 0 4
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9 P. kuhlii| H. savii |T. tenioti: 14 P. kuhlii|H. savii |T. tenioti: 21 P. kuhlii |H. savii|T. teniotis
2021-2120] 0 5 19 20002059 36 19 61 iiiiiﬁii ;z gj Zz
21:21-22:20 1 2 5 21:00-21:59 72 44 126 20;52_21;51 16 5 3
221-2320] 0 6 11 [22002259] 102 67 174 [Srsomsi 55 TE =
23210020 2 4 10 |[23:00-2359] 161 B 178 [ 22522351 55 56 29
0021-0120] 0 1 4 | 00:00-0059] 134 70 147 | 23520051 92 26 95
0121-0220] 67 13 73 |o100-01:59] 22 28 43 |oos2-0151] 126 53 132
0221-0320] 121 28 140 [ 02:00-02:59] 5 2 B T o
03210420 39 2 54 [03:00-0359] 11 4 PRI rewrywre mae = "
04210520 2 0 16 | 04:00-0459] 0 1 15 [oxsoossi| 2 o 3
05210620 1 0 8 [0500-0559] 1 1 45 Joss206s1] 1 0 0

Of interest are samples 1 and 18 that have intense activity in almost all time slots and
the group of samples 9, 14, 21 close to each other showing a peak increase in the
intermediate time slots for the 3 most aboundant species.

4.2 Habitat Preferences

An analysis was carried out on the habitat preferences to verify how much
environmental diversity influences the diversity of the bat community, based on the
different Taxa and the number of passes for each taxon. The results obtained on the basis of
the aggregation of habitats found in the 22 samples are reported below (Table 5).

Table 5. Average of the number of total bat passes in the Corine Land Cover (CLC) habitats in
the "Monte Pellegrino" Nature Reserve.

dr- (32-Bae |y ey [ M35 gy ava| a2si- | si22- | sum- 32312-
222 - | Mosaic of rocks, . . . Holm |Reforestatio| . . . 32231 - .
Taxa . X Residential | Uncultivate limestone | Thermop | Artificial |M editerran Mastic
Orchards | agricultural cliffs, oads nof ; . Gorse .
areas d ) grasslands | hilic stain| lakes | ean scrub stain
plots outcrops woods | conifers
P. kuhlii 26,00 30,00 223,07 189,75 22,00 217,00 189,10] 166,37, 15,00 221,50] 286,000 151,00f 28531
H. savii 15,001 69,00 92,93 101,25 9,00] 58,33 84,00] 65,95 3,000 47,50] 243,00] 101,00 174,00
T. teniotis 5,00 18,001 270,57 354,25 173,00 282,83 316,86 312,63 24,001 677,50] 44,00(  79,00[ 36585
P. pipistrellus 1,36 12,25 0,83 3,24 321 10,50} 28,001 2,00] 538
P. austriacus 1,00 1,00 243 6,00] 1,00 2,50] 2,95 2,53 11,50] 4,23
P. pygmaeus 0,14 33,75 6,52 7,21 67,50 10,38
R. ferrumequinum 0,25 0,05 0,05 0,50} 0,08
R. hipposideros 0,05 0,05
M. schreibersii 2,50 0,48 0,53 5,00) 0,77
P. kuhlii-P. pipistrellus 1,001 243 10,501 0,50] 2,00} 3,71 4,00 18,00} 6,000 10,00] 523
Indeterminate 1,00 0,50 1,00] 0,50] 0,17 0,52 0,47 1,00 2,00} 2,00] 0,691

The table 6 shows the Sum of averages of bat passes per taxon, number of taxa (N),
Average over averages of bat passes for taxon, maximum (Max) and minimum (Min)
number of passes per taxon.

Table 6. Sum of averages of bat passes per taxon, number of Taxa (N), Average over averages of bat
passes for taxon, maximum (Max) and minimum (Min) number of passes per taxon. The codes refer
to the habitats in Table 5.

. Sum of Average
Corine Land averages | N. of over
Cover (CLC) g : Std. | Max | Min
of bat | taxa | averages of
codes
passes bat passes
1112 49 6 8,17 2,86 | 26 1
242 118 4 29,50 543 | 69 1
3125 593 8 74,18 8,61 | 271 0
3211 712 10 71,15 8,44 | 354 0
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32312 206 6 34,33 586 | 17 1
31111 564 7 80,52 897 | 28 0
3231 608 11 55,23 7,43 | 317 0
332 563 11 51,18 7,15 | 313 0
3111 43 4 10,75 328 | 24 1
5122 1062 10 106,15 10,30 | 678 1
32231 607 5 121,40 11,02 | 286 6
2311 345 6 57,50 7,58 | 151 2
222 852 10 85,19 9,23 | 366 0

Among the Corine Land Cover (CLC) habitats, the highest number of passes is
recorded in the habitat Artificial lakes (code 5122), Orchards (code 222) and Arid
limestone grassland (code 3211), followed by Thermofilic stain (code 3231), Gorse (code
32231), Mediterranean scrubs (code 31111) and Baree rocks, cliffs, and outcrops (code
332). The Taxa are present in each Corine Land Cover (CLC) habitat with average values
for taxon varying between 121,40 passes in Gorse (code 32231) and 8,17 passes in
Residential areas (code 1112).

Shannon diversity index is calculated basing on the Corine Land Cover (CLC) habitats.
The average Shannon Index for samples is 1.08 ( 0.18; range 0.32 and 0.71) (Table 7).

Table 7. Shannon Index (H ') of Corine Land Cover (CLC) habitats. The codes refer to the habitats in

Table 5.
Corine Land
Cover (CLC) | 1112 | 242 | 3125 | 3211 | 32312 (31111 | 3231 | 332 | 3111 | 5122 | 32231 | 2311 | 222
habitats
H' 1,17 10,99 1,08 | 1,33 [ 0,58 1 1,12 1,1 | 097 | 1,13 1,1 1,22 | 1,21

The Arid limestone grassland habitat (code 3211) has the highest diversity value, while
the Mastic stain habitat (code 32312) has the lowest diversity value.

The Fig. 3 shows the dendrogram of similarity between Corine Land Cover
(CLC) habitats.

Fig. 3. Dendrogram of Morisita similarity between Corine Land Cover (CLC) habitats.
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Quantitatively, the Morisita overlap Index and the dendrogramm of similarity between
the Corine Land Cover (CLC) habitats show two clusters that differ in a similarity value of
approximately 63%. In the first there are Gorse (code 32231), Mediterranean scrub (code 31111),
Orchards (code 222), Mosaic of agricultural plots (code 242), while the second cluster contains the
remaining habitats.

5 Discussion

The information regarding Chiropterofauna present in the “Monte Pellegrino” Nature
Reserve is to be attributed in the past to Zava and Catalano [15] regarding the presence of
T. teniotis and the presence of R. ferrumequinum [16, 17]. A more recent study also
mentions P. kuhlii, P. pipistrellus and H. savii [18].

This study, in addition to confirming the presence of these Taxa, adds: the species P.
pygmaeus, M. schreibersii, R. hipposideros and the genus Plecotus.

The soprano pipistrelle, P. pygmaeus, only after 2014 [19] became part of the Sicilian
checklist as a cryptic species with P. pipistrellus [20] and genetically separated in 1997
[21]. As for Plecotus, in Sicily (excluding P. gaisleri in Pantelleria) this genus includes P.
auritus and P. austriacus, both morphological and bioacustic cryptic species [22, 23].
Taking into consideration the ecological aspects of the two species, it may be Plecotus
austriacus. The only way for proper classification is capture with an integrated analysis of
biometrics and acoustic signals.

The rarest species like R. ferrumequinum and R. hipposideros were found with only
one recording each. This is given by the emission intensity of the ultrasound of the two
species which is very low like 5 m of detection range while for example 7. teniotis has a
very strong intensity of emission of ultrasound with 150 m of detection range. As a result,
some Taxa can be overestimated while others are decidedly under-represented [14].

The sample that has high richness is the first “Gorgo of S. Rosalia” in spring. The
reason is due to the presence of water. The pound is one of the very few watering points
available to animals in reserve and for bats it is also a high source of food. In fact, T.
teniotis was present in almost all recordings with multiple individuals having frequencies in
disorder for crowding and reflection of ultrasound on the surface of the body water. In the
absence of this in the summer/autumn season the number of Taxa has decreased as well as
the relative Dominance of those present.

The 3 Clusters obtained with the Morisita Index shows the presence of 3 groups of
environmental typology of Chiroptera in the reserve. This can be given by the greater
heterogeneity of environments associated with a different ratio in the number of passes and
Taxa numbers per station.

As regards the group of samples 9, 14, 21 which are next to each other and face the
east side of the reserve, forming a dell that hugs the cemetery of Rotoli downstream, and
which include the highest point at 606 m above sea level, there is a simultaneous increase
in the number of passes in the intermediate time slots of P. kuhlii, H. savi and T. teniotis.
The hypothesis is that this part of the east side of the mountain may represent mainly an
area suitable for foraging while in the summer/autumn season the Gorgo of S. Rosalia
(samples 1/7) is without water. Of course, further studies are needed to be able to verify
this.

Considering the analysis made on habitat preferences, the results obtained show that
the species 7. teniotis, P. kuhlii and H. savii frequent all the habitats of the reserve. This
confirms their characteristic of being ubiquitous, in agreement with Russo and Jones [24]
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according to which the three species are generalist and have a strong synanthropic
character. P. pipistrellus, according to the results obtained from the statistical analysis
relating to the Corine Land Cover (CLC) habitats, seems to prefer the Mediterranean scrub
habitat, recording the highest average number of total passes in this habitat. Analysing the
results relating to the P. pygmaeus and M. schreibersii species and the Plecotus genus, it is
clear that these Taxa prefer the Artificial lakes habitat.

The Shannon Index shows the highest diversity in terms of Taxa in the Arid limestone
grassland habitat, but the habitat positively selected by the largest number of Taxa
contacted is the aquatic habitat. The reason could be the presence of greater trophic
biomass, in accordance with Di Salvo's theory of the lake-effect [25], in fact the average
number of total passes for each taxon was recorded in the census carried out in spring, the
moment of flood and maximum explosion of vegetation.

5 Conclusion

In conclusion, it can be said that this study has been a great success. It allowed to
draw up the checklist of the protected area. The next step will be to focus on implementing
appropriate catch plans and through the study of biometrics with the contribution of new
acoustic matter it will be possible to have a much clearer picture of the Chiropterofauna of
the “Monte Pellegrino” Nature Reserve. In this way it will be possible to take another step
to understand what is the distribution of bat fauna in the Sicilian territory.
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