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Simple Summary: Pellets of the Barn Owl have been widely used to assess small mammal assembly
in several ecosystems, and their analysis is particularly important for Mediterranean islands, where a
low assembly of species may occur with respect to the mainland. In this work, we assessed the diet of
the Barn Owl in Elba island (Central Italy) 30 years after the first study on this species in the same
study area, through pellet analysis. Small mammals built up the staple of the diet of this raptor bird
on the island, with birds being the second prey category. The presence of a skull of the Geoffroy’s
Myotis Myotis emarginatus confirmed the presence of this species on the island after over 60 years
from the first and still unique record of the Tuscan Archipelago. Moreover, fragments of two newborn
hares were detected, increasing the knowledge on the local trophic spectrum of the Barn Owl.

Abstract: The Barn Owl Tyto alba is commonly reported as a non-selective predator of small mammals,
and its diet has been thoroughly analyzed also to assess the small mammal assembly composition in
many study areas. The aim of this work was to analyze the diet of the Barn Owl in the Elba island
through the analysis of 161 pellets collected in September 2020. Undigested fragments were isolated
and compared with reference collections. We confirmed that the Barn Owl is a typical predator of
field mice (62% of relative frequency), with synanthropic murid rodents as the second category of
prey. The frequency of consumption of shrews increased by 9% with respect to the previous work,
suggesting that the natural environment of Elba island is still in a good health status. Moreover,
fragments of two newborn hares were detected, increasing the knowledge on the local trophic
spectrum of the Barn Owl. Finally, the skull of a Geoffroy’s Myotis Myotis emarginatus confirmed the
presence of this species in Elba island after over 60 years from the first unconfirmed record. Repeated
studies conducted in the same study site may provide useful information on prey population trends
and local environmental status.

Keywords: barn owl pellets; Elba island; Myotis emarginatus; small mammal assembly; Strigiformes;
trophic spectrum
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1. Introduction

Widespread wild species, i.e., those showing intercontinental distribution ranges, are suggested
to be well-adapted to a number of different environmental conditions, which require a remarkable
specific physiological plasticity [1-3]. Accordingly, the widely distributed species should be able to
adapt their spatiotemporal behavior and, particularly, their diet, to different environments including
different food availability and, possibly, different competitors [4-6]. Island ecosystems include most
often a lower amount of potential prey species but also of intra-guild competitors with respect to the
mainland, thus requiring a high adaptability by predator species [7-11].

The Barn Owl Tyto alba is a medium-sized widespread nocturnal raptor distributed in Europe,
Africa, Southern Asia, Oceania, North and South America, both on mainland and on islands [12].
The diet of this species has been thoroughly studied [13], particularly in Europe [14-16] and
America [17,18], given that the analyzing content of egested pellets is easy and cheap [19].

Barn Owls are mainly predators of small mammals (Rodentia and Eulipotyphla), but they may
also consume bats, birds, reptiles, and insects if locally available [20-22]. Changes in the diet of this
species in the same study area reflects changes in land use and in climate [16,23,24]. However, data on
the diet of the Barn Owl in island ecosystems, particularly concerning small-sized islands, are still
scanty [25-27]. It has been suggested that the Barn Owl diet includes proportionately more birds on
islands than in the mainland, as islands are relatively poorer of small mammals [28]. In a review on the
diet of the Barn Owl on Mediterranean islands, it has been confirmed that, although murid rodents
were the commonest prey species, birds and reptiles were 5-18 more represented in the diet of insular
Barn Owls with respect to those occurring on the mainland [27].

As for the Elba island, some authors only reported the occurrence of small mammals in the
diet of the Barn Owl in the Tuscan Archipelago, and only showed the frequency of occurrence of
small mammals, with no reference to other prey [25]. Similarly, other authors collected Barn Owl
pellets on Elba islands but focused their work on the pygmy white-toothed shrew Sumncus etruscus
only [29]. Therefore, the only published work assessing the feeding habits of the Barn Owl in the
Tuscan Archipelago reported that 91% of the diet was composed by small mammals (mostly Apodemus
sylvaticus), 7% by birds, and the remaining 2% by insects [30].

Given the European decline of the Barn Owl due to pesticides and reduction of potential shelter
sites [31,32], keeping the ecological knowledge of this species updated is required to better address
effective conservation plans [12]. In this work, we estimated frequencies and volumes of each prey
in the diet of the Barn Owl in Elba island after over 30 years since its previous assessment [30].
We predicted that small mammals will build up the staple of the diet of the Barn Owl, in line with
previous review studies [13,27] and that bats co-occurring within the roost of this owl species will not
be included as a part of its local diet.

2. Experimental Section

Egested pellets were collected in the central part of the Elba island (Tuscan Archipelago,
municipality of Campo nell’Elba, province of Livorno; 42.766149° N-10.246836° E; altitude: 125 m a.s.1.).
This hilly area is mostly covered with Mediterranean scrubland (Pistacia lentiscus L., Phyllirea
spp., Smilax aspera L., Quercus ilex L., and Arbutus unedo L.). The Elba island is characterized
by a Mediterranean climate (annual mean temperature: 17 + 7 °C; mean annual rainfall: 95 + 15 mm),
with dry summers and warm winters [24]. Apart from few wintering long-eared owls Asio otus,
the Barn Owl is the largest nocturnal raptor recorded throughout the year on Elba island (databank of
the Tuscan Ornithological Center, COT, Luca Puglisi, private communication 2020; www.inaturalist.org,
accessed on 2 December 2020), despite the fact that its local population density has never been assessed.
Apart from the European hedgehog Erinaceus europaeus, which is not included amongst potential
prey species of the Barn Owl, the assembly of small mammals of the island includes the Field Mouse
A. sylvaticus, the House Mouse Mus domesticus, the Black Rat Rattus rattus, the Brown Rat Rattus rattus,
the Edible Dormouse Glis glis, the Lesser White-Toothed Shrew Crocidura suaveolens, and the Pygmy
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White-Toothed Shrew S. etruscus [24]. No data on the local density of small mammals and other
potential prey species of the Barn Owl in the Tuscan Archipelago National Park are available.

We collected pellets in September 2020 within an abandoned cistern, where an individual of
Barn Owl], several Lesser Horseshoe bats Rhinolophus hipposideros and two species of gecko (Tarentola
mauritanica and Hemidactylus turcicus), all potential prey of the Barn Owl, were detected. We were not
able to ascribe collected pellets to a single season, as no collection occurred at this site before our field
work and after the previous work [30]. Consistently, we did not find Barn Owl pellets in any other
cave, ruin, bunker, or other kinds of human settlements we visited throughout the island. Pellets were
collected by hand using latex gloves and stored at —20 °C before analyses.

Pellets were analyzed in the laboratory through the dry methods to keep undigested materials
(e.g., mandibles of small mammals and reptiles, elytras, bird beaks) well cleaned and separated
from the rest of the pellet [33,34]. Food remains were then identified at the species level through a
stereomicroscope (WILD M3C, Heerbrugg: 400x), by comparing them with reference collections of
Museo di Storia Naturale “La Specola” and published atlases [35,36]. The species composition of
small mammals has been detailed by [25], birds were described by [37], and reptiles by [38], whereas a
complete checklist of invertebrates from the island was lacking. We computed both relative (number
of occurrences of each prey species, when the present/total number of occurrences of all food remains
x 100) and absolute frequencies (i.e., the number of occurrences of each prey species, when the
present/total number of pellets X 100) of occurrence of all prey species. Biomasses of different prey
were obtained from previous works (Table 1).

Table 1. Average body mass + standard deviation of adult individuals of prey species of the Barn Owl

in Elba island.
Species Body Mass (Grams, Mean + SD) Reference
Apodemus sylvaticus 28+ 6 [39]
Mus domesticus 25+9 [39]
Rattus rattus 195 + 21 [40]
Rattus norvegicus 364 + 62 [40]
Crocidura suaveolens 10+£6 [41]
Myotis emarginatus 12+3 [42]
Suncus etruscus 3+1 [39]
Lepus sp.-newborns 110 £ 13 [39]
Passer italiae 22 +4 EM, unpublished data
Decticus albifrons 2+1 University of Turin, unpublished data

We evaluated the total volume in the diet of each prey category by plotting absolute frequencies
and volumes of each prey category in a graph, with isopleths connecting points of the same volume in
the diet [43]. The trophic niche breadth was measured using the standardized Levins index (Bsta, [44]),
which ranges from 0 (minimum breadth) to 1 (maximum breadth). The standardized Levins index
was computed through the formula Bgtz = (B — 1)/(Bmax — 1), where B is the Levins index (B = 1D:pi2,
where p; is the proportion of each food item i identified in every pellet), and Bmax is the total number
of prey categories [44]. We calculated the Brillouin Diversity Index to determine whether our sample
was large enough to reliably assess the local diet of the Barn Owl in our study area [45]. The index was
computed through the formula

H=(InN!-XInn;)/N @D

where H is the diversity index, N is the total number of individual prey recorded and n; is the number
of prey items of the it category [45]. The cumulative diversity (Hy) was plotted against the number of
analysed pellets (k) to determine after how many pellets an asymptote was reached, and, thus, whether
the diet of Barn Owl in the study area had been adequately sampled.
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3. Results

We opened and analyzed a total of 161 Barn Owl pellets. The content of six of them was
not determined at the species level, as it only contained non-diagnostic bones. As to our sample,
the Brillouin Diversity Index indicated that 17 pellets were enough to provide the local diet of this
raptor species. The average number of prey per pellet was 2.52 + 1.36 (mean + standard deviation,
min-max= 1-4). In particular, diagnostic fragments belonging to at least 399 individual prey were
analyzed. The most frequent prey was A. sylvaticus (Table 2). In terms of biomass, the black rat
constituted the highest percentage levels, as being the second commonest prey in frequency and one of

the largest prey in the sample.

Table 2. Minimum number of individuals (Min N° Ind.), relative (RF) and absolute (AF) frequencies,
and biomasses of each prey category of the Barn Owl in Elba island.

Species Min N° Ind. RF (%) AF (%) Biomass (%)
Apodemus sylvaticus 248 62.16 100 39.06
Rattus rattus 45 11.28 27.95 50.12
Rattus norvegicus 1 0.25 0.62 2.05
Mus domesticus 35 8.77 21.74 492
Suncus etruscus 28 7.02 17.39 0.47
Crocidura suaveolens 19 4.76 11.80 1.07
Lepus sp. 2 0.50 1.24 1.24
Myotis emarginatus 1 0.25 0.62 0.07
Passer italiae 5 1.25 3.11 0.62
Sturnus vulgaris 1 0.25 0.62 0.45
Sylviidae 1 0.25 0.62 0.08
Decticus albifrons 10 2.51 6.21 0.10
Scarabaeidae 1 0.25 0.62 0.01
Melolonthidae 1 0.25 0.62 0.01
Forficula auricularia 1 0.25 0.62 0.01

Consistently, Apodemus sylvaticus also accounts for the majority of the total volume in the Barn

Owl diet (Figure 1), followed by rats.
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Figure 1. Diet of the Barn Owl in Elba island: Absolute frequency plotted versus volume of each food

category, when present. Isopleths connect points of the same total volume in the diet. Other mammals,

Lepus sp. and Myotis emarginatus; rats, Rattus rattus and R. norvegicus; shrews, Crocidura suaveolens and

Suncus etruscus.
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The standardized Levins index of trophic niche amplitude was close to 0 (Bsta = 0.12). The trophic
level index of 0.14 was consistently relatively low.

4. Discussion

This work confirmed that the Barn Owl in the Elba island is a typical predator of wood mice
A. sylvaticus, in line with our prediction, and also uses synanthropic murid rodents as the second
favored prey category [30]. Apodemus sylvaticus is the dominant species within the rodent assemblage
found across the Tuscan Archipelago [25], where our collection site was located. This explains its
high frequency in the local diet of the Barn Owl, which is reported as a non-selective predator whose
feeding habits depend on the local availability of different prey species [13,46]. Small mammals and
mostly Murids built up the staple of its diet, as commonly reported for Mediterranean islands [25,27].
Although Barn Owls are reported to be mostly vole predators on the mainland [27,46], a similar study
in continental Italy at the same latitude of this work confirmed the great importance of murid rodents
in the diet of this nocturnal raptor [47]. All the species of small mammals recorded in Elba island were
found in Barn Owl pellets, with the exception of the edible dormouse and the hedgehog, the first being
known to only occur in densely wooded areas and is only rarely represented in the diet of this raptor
bird in the island (less than in 1% pellets: [25]), the former presumably representing a challenging prey
for T. alba due to its size and low palatability due to defensive spines. This confirmed that Barn Owls are
not selective predators, and that they may shape their diet following the local availability of different
prey species [48]. Shrews were about 9% more represented than in the previous work who collected
pellets in the same area [30], who did not detect any pygmy white-toothed shrew remain in pellets.
The first record of this species for the island dates back to 2008, possibly as a result of a recent accidental
human-mediated introduction, and it rapidly increased up to 7% of occurrence in the local diet of the
Barn Owl [29], possibly suggesting a very fast colonization and spread process by this small mammal
on the island. Similarly, insect consumption was higher in our sample than previously reported [30],
and was mostly represented by large-sized grasshoppers (i.e., Decticus albifrons), which may be directly
preyed upon by Barn Owls [46]. These findings provide evidence of the occurrence of local good
management practices [23,24]. As to birds, we detected five Italian Sparrows Passer italiae, one Starling
Sturnus vulgaris and one Warbler (possibly the Dartford Warbler Sylvia undata, a species widespread
in the surroundings of the collection site) in the diet of the Barn Owl, confirming a previous work,
who showed that Passer sp. were the most commonly preyed birds [30]. Differently from the previous
work on Elba Island [30], we did not detect any reptile in owl pellets. Consumption of birds and
reptiles by owls has been suggested to be the highest in the smallest islands, where the guild of small
mammals is the poorest [25,27].

One skull of Geoffroy’s Myotis Myotis emarginatus, and fragments of two newborn hares
Lepus europaeus/corsicanus were also detected in the samples. Usually, bats are rarely consumed
by Barn Owls, despite their occurrence in the diet being higher on islands (up to 0.3%) than on the
mainland [22,27]. Barn Owls often share roost sites with bats; previous works suggested that bats are
mostly preyed by owls at roosting sites [49-51]. In our study area, Barn Owls shared the roost with
Lesser Horseshoe Bats, whereas the species detected in pellets was the Geoffroy’s Myotis, which may
have been captured in flight outside the cistern, or possibly at a different roost. This bat species was
only recorded on Elba island in 1956 [52], with no recent confirmation. Vergari and Dondini [53] did
not find any evidence of the presence of this bat on Tuscan Archipelago, suggesting that densities could
be very low. The occurrence of a skull of Geoffroy’s Myotis highlights the need for further research.

The Barn Owl has never been reported as a potential predator of European Hares [54]. However,
Obuch and Khaleghizadeh [55] reported the occurrence of fragments of a Cape hare Lepus capensis
in one Barn Owl pellet from Iran, therefore confirming that occasional predation on lagomorphs by
this raptor occurs. We detected fragments of two individual hares in two different pellets. However,
mandibles were small and teeth were not yet erupted, suggesting that preyed individuals were
newborns. This prevented us from assessing whether fragments belonged to the European Brown
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Hare L. europaeus or to the Apennine Hare L. corsicanus, as both species are present in the study area.
Parturition of hares occurs in depressions on the surface of the ground, mostly in covered habitats,
differently from rabbits who nest in burrows [39]. Leverets are active as soon as they are born and,
given their low weight (around 100-110 g, [39]), they may become prey of this nocturnal raptor.

5. Conclusions

Despite the lack of field studies on small mammals in the Tuscan Archipelago, our work provided
support to the description of the Barn Owl as a non-selective predator. Moreover, a new prey
(i.e., the Hare) was added to the potential trophic spectrum of this bird. Further field work and
collection of further pellets would be necessary to assess the population density of the Barn Owl
in Elba island. Furthermore, a local assessment of potential prey densities should be conducted,
in order to determine the prey selection by the Barn Owl. We also provided an important insight for
the biogeography of a species of conservation concern, i.e., the Geoffroy’s Myotis, which was only
detected in the island over 60 years ago with no recent reconfirmation. A great plasticity in the diet
of the Barn Owl has been proven in a high number of studies and reviews [13,27,46], but long-term
studies assessing diet changes are still few [14-16]. Conversely, repeated studies conducted in the same
study site may provide useful information on prey population trends and the local environmental
status [13,46,48].
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