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Abstract Ventotene Island, a small Mediterranean island off the Latium coast (Central Italy), is an important
stopover site for several migratory bird species. The migration pathways of these species have been largely
studied with classical approaches, such as bird ringing activities, bio-logging, isotope studies, and radar
networks. The latest methodological approaches involve bioacoustics analyses (i.e. sonogram analyses),
making advantage of the availability of new low-cost ARUs (Autonomous Recording Units) technology.
However, although bird species are known to emit breeding and non-breeding vocalizations during migrations,
scientific knowledge on these vocalizations is still scarce, particularly in insular stop-over areas. In this study,
54 field surveys were carried out on Ventotene Island during the early spring migration season (April 2024),
following a recording protocol of 10-min per sample-point on different day-hours. Three surveys were carried
out for each sample-point, resulting in a total of 540 minutes (9 hours) of audio-recording. The vocalizations
of the bird species were identified through acoustic and visual sonogram analyses and categorized by their
structural similarity. A total of 19 bird species were identified from the audio-recordings. Among them,
Eurasian Collared Dove (Streptopelia decaocto), European Serin (Serinus serinus), Sardinian Warbler (Curruca
melanocephala), Collared Flycatcher (Ficedula albicollis) were the most frequently contacted. The majority
of bird vocalizations consisted of alarm and social calls, while reproductive songs were recorded for nine
species: Eurasian Collared Dove, Common Cuckoo (Cuculus canorus), Eurasian Blackbird (Turdus merula),
Common Nightingale (Luscinia megarhynchos), Great Reed Warbler (Acrocephalus arundinaceus), Common
Whitethroat (C. communis), Sardinian Warbler, European Serin, Western Yellow Wagtail (Motacilla flava). The
results of this study highlight the potential of bioacoustics as a promising and non-invasive tool for detecting
the presence of both migratory and sedentary bird species during spring migration. However, future research
should aim to refine recording protocols and field survey techniques, as well as compare the effectiveness of
bioacoustics monitoring with other established methods.
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Osszefoglalas Ventotene-sziget, egy kis mediterran sziget a Lazio-partvidék kozelében (K6zép-Olaszorszag),
fontos megallohely szamos vonulé madarfaj szamara. Ezeknek a fajoknak a vonulasi utvonalait hagyomanyos
modszerekkel — példdul madargytirtizéssel, nyomkovetd technologiakkal, izotépos vizsgalatokkal és radarrend-
szerek segitségével — tanulmanyoztak eddig. Az Gjabb modszertani megkozelitések kozott egyre nagyobb teret
nyer a bioakusztikai elemzés (szonogramok vizsgalata), amit az olcsobb, automatikus hangrogzité egységek elér-
hetésége is eldsegit. Bar ismert, hogy a madarfajok a vonulas soran is adnak ki kiilonféle hangokat, ezek akusz-
tikai jellemz6irdl kiilondsen a szigeti megallohelyeken még kevés tudomanyos adat all rendelkezésre. A jelen ta-
nulmanyban 54 terepi felmérést végeztek Ventotene-szigetén 2024 aprilisaban, a tavaszi vonulasi idoszak elején.
A hangrogzités mintavételi pontonként 10 percig tartott, kiilonbozé napszakokban. Minden mintapontot harom-
szor mértek fel, igy 6sszesen 540 perc (9 6ra) hangfelvétel keletkezett. A madarfajok hangjait akusztikai és vizu-
4lis szonogram-elemzéssel azonositotték, majd a hangok szerkezeti hasonléséga alapjén kategorizaltak. Osszesen
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19 madarfajt sikeriilt azonositani a hangfelvételek alapjan. Koziiliik a kucsmas poszata (Curruca melanocepha-
la), az 6rvos légykapo (Ficedula albicollis), a csicsorke (Serinus serinus) és a balkani gerle (Streptopelia decaoc-
to) voltak a leggyakrabban észleltek. A felvételeken talnyomorészt riaszto- és tarsas hivohangok szerepeltek, de
kilenc fajnal udvarlé énekeket is rogzitettek: nadirigd (Acrocephalus arundinaceus), kakukk (Cuculus canorus),
mezei poszata (C. communis), kucsmas poszata, fiillemiile (Luscinia megarhynchos), sarga billegetd (Motacilla fl-
ava), csicsorke, balkani gerle és fekete rigd (Turdus merula). Az eredmények ramutatnak arra, hogy a bioakuszti-
kai modszerek igéretes és nem invaziv megoldast jelenthetnek mind a vonuld, mind az allandé madarfajok jelen-
létének kimutatasara a tavaszi vonulas idején. Ugyanakkor a jovobeli kutatasoknak célszerti lenne a hangrogzitési
protokollok és a terepi felmérési modszerek finomitasara torekedni, valamint a bioakusztikai monitorozas haté-
konysagat dsszevetni mas bevett megfigyelési eljarasokkal.
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Introduction

The Palearctic-African migration system involves an enormous number of birds traveling
between Africa and Europe every year (Hahn et al. 2009). During migration, birds often aim
to minimize flight duration and energy investment, primarily when crossing large ecological
barriers such as deserts and open seas (e.g. Mediterranean Sea; Maggini et al. 2020). Given
their strategic position, Mediterranean islands are crucial stopover sites for birds, providing
them rest and possibility to refuel before continuing their migration routes (Cecere et al.
2011, Barboutis et al. 2022). These islands are often the first available lands that birds
encounter during the migration towards breeding and wintering areas (Barboutis et al.
2022). In this context, the small Mediterranean island of Ventotene, located in the Pontine
Archipelago (Central Italy), represents an important bird stopover site, particularly during
the spring migration season (Goymann et al. 2010, Tenan & Spina 2010). For example,
during spring migration from 2014 to 2016, Maggini et al. (2020) reported the capture
of more than 40,000 individuals representing 12 species on Ponza Island, another island
within the Pontine Archipelago complex. Most of these species arrive on these islands after
non-stop flights from across Africa (Spina et al. 1993), where they find essential resources,
primarily water and food, which play a critical role in supporting their migration towards
European breeding areas (Spina ez al. 1993, Tenan & Spina 2010). The nectar consumption
and feeding behavior of Sylvia species on Ventotene Island are particularly important in
sustaining their migration (Schwilch et al. 2001, Cecere et al. 2011). Understanding the
different patterns of migration is crucial for the conservation and monitoring of migratory
birds and is often achieved through various methodologies that provide a comprehensive view
of the phenomenon (Higuchi 2012). Traditional methods consist of long-term observations
at migration hotspots (e.g. Panuccio et al. 2017), radar networks, ringing activities, isotope
analysis, and tracking devices. The choice of the right methodology is strictly linked to the
biology of the bird species and the spatial scale of the study (Flack et al. 2022).
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Since the first study of bird migrations, classical methods have provided valuable data,
and several databases (e.g. EURING Migration Mapping Tool, https://euring.org/research/
migration-mapping) are easily accessible with exhaustive data on bird migration routes and
phenology (Flack et al. 2022). Traditional methods were recently complemented by new
approaches, such as the use of Autonomous Recording Units (ARUs) (Manzano-Rubio et
al. 2022). Through bird vocalizations and their respective sonograms, bioacoustics analyses
provide a powerful tool for monitoring species presence/absence and population densities
(e.g. Bardeli et al. 2010, Frommolt & Tauchert 2014, Pérez-Granados et al. 2019), as well
as detecting cryptic or rare species (e.g. Leseberg et al. 2021).

While most bird species are known to emit reproductive vocalizations within their
breeding territories (e.g. Nice 1941), the vocalization types emitted during migration, such as
diurnal and nocturnal calls, have been documented for only a limited number of species (e.g.
Farnsworth et al. 2004, Sanders & Mennill 2014). On Ventotene Island, extensive scientific
literature is available on the ecology of migratory species (Montemaggiori & Spina 2002,
Goymann et al. 2010, Tenan & Spina 2010, Morganti et al. 2011), but limited information
can be found on the vocalizations of these species while resting on the island, resembling
the general lack of bioacoustics data about the whole Palearctic-African migration system.

By using a recording-based methodology and sonogram analyses, this study aims to (i)
identify bird species detectable through vocalizations during early spring migration on
Ventotene and (ii) classify these vocalizations based on their acoustic and structural similarities.

Materials and Methods

Study area

Ventotene is a small island located approximately 46 km off the Lazio coast in the Tyrrhenian
Sea, covering an area of about 135 hectares (Cecere et al. 2011, Manica et al. 2020, Capizzi et
al. 2023). This island is part of the Ventotene and Santo Stefano Islands Nature Reserve and is
included within the Special Protection Area (SPA code IT6040019, Capizzi et al. 2023). The
territory of Ventotene Island consists mostly of artificial surfaces, agricultural areas, forests,
and semi-natural areas (Capizzi et al. 2023). Agricultural areas are characterized mainly by
crop fields and cultivations of legumes and fruits, but the progressive abandonment of rural
areas is leading to the spread of giant cane (Arundo donax) and other pioneer vegetation.
The natural and semi-natural areas are dominated by Mediterranean maquis, remnants of
Mediterranean scrub vegetation, such as the common myrtle (Myrtus communis), the mastic
tree (Pistacia lentiscus), the narrow-leaved mock privet (Phillyrea angustifolia), and non-
native vegetation (Pretto et al. 2010, Cecere et al. 2011, Capizzi et al. 2023).

Bird surveys and recording

Bird species were sampled by recording their vocalizations within 18 sample-points (Bibby
et al. 1992, Gregory et al. 2004). Sample-points were selected using QGIS 3.16.0 software



272 ORNIS HUNGARICA 2026. 34(1)

F

O sample-point

Figure 1. The map of Ventotene Island (QGIS 3.16.0 software). Yellow dots represent the sample-
points (18) where bird vocalizations were recorded

1.dbra \Ventotene-sziget térképe (QGIS 3.16.0 szoftver). A sarga pontok jelzik azokat a pontokat
(18), ahol a madarak hangjat rogzitették

(QGIS Geographic Information System 2024) (Figure ) and the latest available online map
(Google Earth, April 2022), also considering the wide distribution of inaccessible areas
(e.g. private farmlands and cliffs) on the island. The sample-points were selected to ensure
comprehensive coverage of the island area and its sub-habitats, with a minimum distance of
50 meters between each point.

The field surveys were carried out during the early spring migration of the bird species,
from 9 to 18 April 2024. Each sample-point was surveyed three times: during sunrise hours
(6.00-9.00 AM CET), random hours of the day (6.00 AM — 8.00 PM CET) and sunset hours
(6.00-9.00 PM CET), with a minimum interval of two days between each survey. In total,
54 surveys were carried out, three for each sample-point.

The different sampling hour strategy was used to cover a higher time frame, due to the
different arrival times of the bird species on the island.

To contact the bird species, a standardized protocol of 10-minute sampling per survey was
used, avoiding adverse meteorological conditions, collecting a total of 540 minutes (9 hours)
of audio-recording. Recording was made with Sennheiser MKE600 directional microphone
(https://www.sennheiser.com/en-gb) and Zoom HIN recorder (https://zoomcorp.com/) with
a 48 kHz and 24 bit standard protocol. All the recordings were then saved in a WAV format
for the following analyses.
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Data analysis

Bioacoustics analyses were made with Raven PRO v. 2.0 software (K. Lisa Yang Center for
Conservation Bioacoustics at the Cornell Lab of Ornithology, 2024). To accurately identify
bird species, individual vocalizations were processed by amplifying the sound intensity and
removing background noises, including wind and human noises.

Bird species were identified through bioacoustics analyses: acoustic identification and
visual examination of the structure of each vocalization, visualized in sonograms, conducted
by expert ornithologists (J. G. and G. V.). Species identification was based on references
from the online wildlife sound database, xeno-canto (https://xeno-canto.org/), and the
available scientific literature on individual species (Wroza 2024).

An occurrence binary matrix was built based on the presence/absence (0 = absence and
1 = presence) of the bird species on the audio-recording across the total number of surveys
(54). This matrix was used to estimate the total number of bird species identified in all the
surveys (N) and the number of species identified within each survey. For each species, the
frequency of presence in the surveys was then estimated and calculated as the proportion of
surveys in which the species was detected (ft.).

From the binary matrix, the number of bird species detected during surveys conducted at
different times of the day was extrapolated (18 per sampling-hour). Specifically, the mean
number of species identified during sunrise, random times, and sunset were calculated.

Following species identification, bird vocalizations were categorized and analyzed based
on their structural similarity, visualized in sonograms (Raven PRO 2.0). A first distinction
was made between “reproductive songs” and “calls” (Spector 1994). Due to the absence of
standardized definitions regarding (i) the boundaries between vocalization units and (ii) the
distinctions between individual notes and complete sequences (Spector 1994, Rose et al.
2022), the analysis focused on descriptive features: phonetic and structural characteristics.

To establish a first preliminary quantitative approach and to determine whether each
vocalization type of the species was common or rare within audio-recordings, the ratio
between the number of recordings in which each vocalization type was present and the total
number of audio-recordings (Nv) was used as a proxy.

Results

Field surveys

A total of 19 species were identified considering all the surveys: Great Reed Warbler
(Acrocephalus arundinaceus), Tree Pipit (Anthus trivialis), Hooded Crow (Corvus cornix),
Common Cuckoo (Cuculus canorus), Eastern Subalpine Warbler (Curruca cantillans),
Common Whitethroat (C. communis), Sardinian Warbler (C. melanocephala), Peregrine
Falcon (Falco peregrinus), Collared Flycatcher (Ficedula albicollis), Yellow-legged Gull
(Larus michahellis), Common Nightingale (Luscinia megarhynchos), European Bee-
eater (Merops apiaster), Western Yellow Wagtail (Motacilla flava), Spotted Flycatcher
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(Muscicapa striata), Black Redstart (Phoenicurus ochruros), Common Chiffchaff

(Phylloscopus collybita), European Serin (Serinus serinus), Eurasian Collared Dove

(Streptopelia decaocto), and Eurasian Blackbird (Turdus merula).

Table 1. List of the contacted species, the n of bird surveys where each species was recorded and
the frequency (fr.) of the species considering the total number (54) of surveys

1. tdbldzat Az érintett fajok, a felmérések szdma, amikor észlelték a fajt, és annak a gyakorisdga, hogy
hany alkalommal észlelték az 54 megfigyelési napbdl

Species n of sample-points Frequency (fr.)
Acrocephalus arundinaceus 1 0.019
Anthus trivialis 5 0.093
Corvus cornix 1 0.019
Cuculus canorus 1 0.019
Curruca cantillans 3 0.056
Curruca communis 2 0.037
Curruca melanocephala 35 0.648
Falco peregrinus 3 0.056
Ficedula albicollis 28 0.519
Larus michahellis 19 0.352
Luscinia megarhynchos 7 0.130
Merops apiaster 4 0.074
Motacilla flava 13 0.241
Muscicapa striata 11 0.204
Phylloscopus collybita 2 0.037
Phoenicurus ochruros 8 0.148
Serinus serinus 46 0.852
Streptopelia decaocto 31 0.574
Turdus merula 19 0.352

The species belonging to the genus Passer were detected in the audio-recordings but
could not be identified to the species level and were therefore excluded from all analyses.
Also, hybrids between Collared Flycatcher and the European Pied Flycatcher may have
potentially impacted the accurate identification by vocalization of Collared Flycatcher
individuals in this study (Gelter 1987).

The frequency (fr.) of each species was calculated for each sample-point (7Table 1). The
most contacted species (fr. > 0.5) were the European Serin (fr. = 0.85), Sardinian Warbler
(fr. = 0.64), Eurasian Collared Dove (fr. = 0.57), and the Collared Flycatcher (fr. = 0.52).
A mean of 4.5£2.2 species per sample-point was identified considering all sampling hours.
The mean number of species contacted during sunrise hours was 5.942.3, while 4.2+2 and
3.44+£1.5 species were detected, respectively, during random and sunset hours (Figure 2).
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Mean number of species
F S

Total M R A
Sampling period

Figure 2. Mean number of species observed in all audio-recordings (Total) and in those obtained
during the surveys carried out during sunrise (M), random hours of the day (R), and sunset (A)

2.dbra Az 6sszes hangfelvételen (Total), a napkeltekor (M), a nap véletlenszer( éraiban (R) és nap-
nyugtakor (A) végzett felmérések soran rogzitett fajok atlagos szama

Type of vocalizations

A total of 30 different bird vocalization types were identified in the audio-recordings. Of
these, one reproductive song type was detected for each of the following nine species:
Great Reed Warbler, Common Cuckoo, Common Whitethroat, Sardinian Warbler, Common
Nightingale, Western Yellow Wagtail, European Serin, Eurasian Collared Dove, and
Eurasian Blackbird.

The remaining 21 vocalization types were classified as “calls” and were attributed to 16
species. At least one call type was identified for all species, except for the Common Cuckoo,
Great Reed Warbler, and the Eurasian Blackbird, for which no calls were detected. A brief
qualitative analysis and description of each vocalization are provided in the following
paragraphs.

Black Redstart
The vocalizations of the Black Redstart consisted exclusively of territorial calls, observed

in 8 of 54 audio-recordings (Nv = 0.15). These calls were characterized by a short-duration
single note and a “zuk” similar sound (Figure 3).

Collared Flycatcher
A large number of Collared Flycatcher vocalizations were recorded in 28 audio-recordings

(Nv =0.52). All the vocalizations observed were low-intensity alarm calls, characterized by
a single monotone element with a plunging termination, emitted in short time intervals, with
a main frequency around 5 kHz (Figure 4).
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Figure 3. Sonogram of the vocalizations of the Black Redstart (Ph. ochruros)
3.dbra A hézirozsdafarkd (Ph. ochruros) hangjanak szonogramja
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Figure 4. Sonogram of the call of the Collared Flycatcher (F. albicollis). Black arrows indicate the single
elements that characterize the low-intensity alarm call

4.dbra Az 6rvos légykapd (F. albicollis) hivohangjanak szonogramja. Fekete nyilak jelzik az alacsony
intenzitasu riasztas egyes elemeit

Common Chiffchaff
Only a small number of Common Chiffchaff vocalizations were detected, consisting

exclusively of the characteristic call (“Auif”’), which was identified in two audio-recordings
(Nv=0.04). The call is characterized by a principal up-slurred and frequency-rising element
and few harmonics, reaching a frequency peak at approximately 5—6 kHz (Figure 5).
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Figure 5. Sonogram of the vocalizations of the Common Chiffchaff (Ph. collybita). Black arrows
indicate the up-slurred vocal elements of the call

5.dbra A csilcsalpfiizike (Ph. collybita) hangjanak szonogramja. Fekete nyilak jelzik a hivéhang fel-
felé sipolé hangelemeit

Common Cuckoo
The Common Cuckoo vocalizations were identified in one audio-recording. The vocalization

type consisted of the classic “cu-coo”, characterized by two simple elements: the shorter (the
“cu’) and the longer one (the “coo”). These two elements are repeated in regular intervals
of time (approx. 1.5 seconds) and are characterized by two-five higher-frequency harmonics
(Figure 6).
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Figure 6. Sonogram of the vocalizations of the Common Cuckoo (C. canorus). The brackets indicate
the two elements of the male song: the first shorter “cu”and the second longer notes “coo”

6.dbra A kakukk (C. canorus) hangjanak szonogramja. A zaréjelek a him énekének két elemét jelzik:
az elsé rovidebb ,cu” és a masodik hosszabb hangok,coo”

Common Nightingale

The vocalizations of the Common Nightingale were divided into two different groups:
whistle song and calls. The first type was observed in three audio-recordings (Nv = 0.06) and
consisted of long, complex, and elaborate vocalizations, with a vocal structure characterized
by a wide combination of vocal notes, whistles, and trills. The calls, recorded in six audio-
recording (Nv = 0.11), were repetitions of small low-frequency elements and a guttural trill
sound (Figure 7).
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Figure 7. Sonogram of the vocalizations of the Common Nightingale (L. megarhynchos). The whistle
songs (top), with the arrows and brackets indicating respectively the single elements and
the call (down)

7.dbra Afllemile (L. megarhynchos) hangjanak szonogramja. A flittye (fent), a nyilak és a zardjelek
az egyes elemeket, illetve a hivast (lent) jelzik

Eastern Subalpine Warbler
The vocalizations of the Eastern Subalpine Warbler consisted exclusively of contact calls,

identified in three audio-recordings (Nv = 0.06). The contact calls were characterized by
high-frequency peaks, short durations, and a “check” similar sound (Figure §8).
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Figure 8. Sonogram of the call of the Eastern Subalpine Warbler (C. cantillans)
8.dbra A bajszos poszata (C. cantillans) hivbhangjanak szonogramja
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Eurasian Blackbird
All the vocalizations of the Eurasian Blackbird were classified as songs, as it was not

possible to isolate single calls from these heterogeneous, complex, and long vocal sequences.
The songs were characterized by a wide variety of melodious and whistled notes. These
vocalizations were observed in 19 audio-recordings (Nv = 0.35), likely to be emitted by
several male individuals recorded in the different sample-points (Figure 9).

Figure 9. Sonograms of the vocalizations of the Eurasian Blackbird (T. merula). The vocal elements of
songs present a high variability in both frequency and duration

9.dbra A fekete rigd (T. merula) hangjanak szonogramjai. A zaréjelek az énekmotivumok hosszat
jelzik, a vokalis elemek nagyfoku variabilitdsa mellett

Eurasian Collared Dove
The vocalizations of the Eurasian Collared Dove were classified into two different groups:

the coo-vocalizations and alighting call. The coo-vocalizations were identified in 30 audio-
recordings (Nv = 0.56) and consisted of a repetition of three small monotone “coo”, with
the first and third ones of similar short duration, while the second by a longer duration
(“hoo-HOO-hoo™). Alighting calls were detected in nine audio-recordings (Nv = 0.17),
characterized by a single frequency-curved element, several relative harmonics and a
“hwaah” similar sound (Figure 10).
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Figure 10. Sonograms of the vocalizations of the Eurasian Collared Dove (S. decaocto). The coo-
vocalizations (sx), with the three “coos”and the alighting call (dx)
10. dbra A balkani gerle (S. decaocto) hangjanak szonogramjai

European Bee-eater
The European Bee-eater vocalizations were identified in three different audio-recordings (Nv

=0.06), emitted by different individuals in small migrating flocks. All recorded vocalizations
consisted of vocal calls, characterized by repetitions of a similar single element (“gru’") with
an “M” shape (slight rises and falls of the notes in the frequency peaks). These calls were
emitted at a low frequency, about 2 kHz (Figure 11).



J. Giordano, M. Pastres, S. Riello & G. Vecchio 279

N 4] 5
4 . .
E
2 SOV AN A BN R A N N N N A U A A e B A
0.00 PN da cataddl gl i D PRt ot At . Rt g v b At Gl TR T
T T T T T T 1 T T ) T 1 T
0 05 1 1.5 2 25 3 35 4 45 5 55 6 6.5

S

Figure 11. Sonogram of the vocalizations of the European Bee-eater (M. apiaster). Note the overlap
between the “M” elements emitted by different individuals

11.dbra A gyurgyalag (M. apiaster) hangjanak szonogramja. Figyeljik meg az atfedést a kiilonb6z6
egyedek dltal kibocsatott,M" elemek kozott

European Serin
A high number of European Serin vocalizations were identified in the audio recordings. All

these vocalizations were classified into three different categories: reproductive songs, trill
calls and buzz calls. The songs were observed in 37 out of 54 (Nv = 0.69) audio-recordings,
and are characterized by sequences of similar syllables, composed of a wide number of
melodious elements that differ in shape and frequency. The trill calls, identified in 39 audio-
recordings (Nv = 0.72), consisted of repetitions of similar frequency up-rising notes (mostly
from 3 to 10 notes). The last vocalization type, the buzz calls, found in 14 recordings (Nv
= 0.26), had a vocal structure characterized by single high frequency rising element and
associated harmonics (Figure 12).
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Figure 12. Sonogram of the vocalizations of the European Serin (S. serinus). From top, song of the
species, with a complex sequence of shrill notes. The trill call (sx), characterized by trill
sequences and the buzz call (dx)

12.dbra A csicsorke (S. serinus) hangjanak szonogramja. Fentrél a faj éneke, a rikité hangok sszetett
sorozatdval. A trillaszekvenciakkal jellemezhetd trillahang (sx) és a zimmogé hang (dx)

Great Reed Warbler
The vocalizations of the Great Reed Warbler consisted of a single short song, observed in

only one audio-recording (Nv = 0.02). The song was characterized by complex sequences of
both guttural (“krrr-krrr’”) and higher-pitched notes, with pauses of 3—10 seconds between
motif repetitions (Figure 13).
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Figure 13. Sonogram of the vocalizations of the Great Reed Warbler (A. arundinaceus). The black
bracket indicates one of the guttural note sequences that characterize the species song

13.dbra A nadirigd (A. arundinaceus) hangjanak szonogramja. A fekete zéréjel a faj énekét jellemzdé
gutturalis hangsorok egyikét jelzi

Common Whitethroat
The Common Whitethroat vocalizations were recorded in two audio-recordings (Nv = 0.04)

and consisted of a song-similar vocalization type, with a brief repetition of up-slurred notes
with a short duration in time (Figure 14).
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Figure 14. Sonogram of the song type vocalization of the Common Whitethroat (C. communis). The
black arrow indicates the start of the song-similar vocalization. Note the overlap with the
song of other species (S. serinus)

14.dbra A mezei poszéta (C. communis) énekének szonogramja. A fekete nyil jelzi az énekhez ha-
sonlé vokalizacioé kezdetét. Figyeljiik meg az atfedést mas fajok (S. serinus) énekével

Hooded Crow
Of the total number of field surveys, vocalizations of the Hooded Crow were detected in one

audio-recording (Nv = 0.02). The vocalizations observed consisted of the classical “caws”
calls, characterized by a single long low-frequency element, with a principal tone around 2
kHz and associated higher harmonics (Figure 15).
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Figure 15. Sonogram of the vocalizations of the Hooded Crow (C. cornix). Black arrows and brackets
indicate the single “caws” of the species

15.dbra A dolmdnyos varju (C. cornix) hangjanak szonogramja. A fekete nyilak és zérojelek a faj
egyes  karogasait” jelzik
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Peregrine Falcon
All the vocalizations of the Peregrine Falcon were classified into two distinct call types:

the “creaking call” and the “wailing call”, identified respectively in one (Nv = 0.02) and
two audio-recordings (Nv = 0.04). The “creaking” call is a short call characterized by high
frequency peaks (more than 10 kHz), repeated in short intervals of time (approx. 0.25 sec),
while the second is a longer and continuous call, marked by more low-frequency notes and
harmonics (Figure 16).

”

Figure 16. Sonograms of the two vocalizations of the Peregrine Falcon (F. peregrinus): the “creaking
call (up), and the wailing call (down)

16.dbra A vandorsolyom (F. peregrinus) két hangjanak szonogramjai: a ,nyikorgé” hang (fent) és a
jajveszékelé hang (lent)

Sardinian Warbler
Three vocalization types of the Sardinian Warbler were detected in the audio-recordings:

two call types and the reproductive song. The call types were similar in structure, with a
main repetition of similar elements, either singularly (“#””) or in pairs (“tr-tr""), both emitted
in a short interval of time and with a trill similar sound. The first type (single element) was
identified in 13 audio-recordings (Nv = 0.24), while the second type (two elements) in 10
audio-recordings (Nv = 0.19).

The song was identified in 10 audio-recordings (Nv = 0.19) and consisted of complex
combinations of whistles and several “#” notes, which vary in shape, frequency, and
duration (Figure 17).
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Figure 17. Sonogram of the three vocalization types of the Sardinian Warbler (C. melanocephala).
From the top: the call type characterized by repetition of single high-pitched notes, the
second call type composed by a bimodal motif and the song of the species, with the
complex sequence of notes

17.dbra A kucsmds poszata (C. melanocephala) hdrom hangtipusdnak szonogramja. Fentrél: az
egyes magas hangok ismétlédésével jellemezhetd hivastipus, a bimodalis motivumbol &l-
16 masodik hivastipus és a faj éneke, a hangok Gsszetett sorozataval

Spotted Flycatcher
Two types of vocalizations of the Spotted Flycatcher were recorded during field surveys. The

first call, identified in eight audio-recordings (Nv = 0.15), is characterized by a repetition of
single sharper frequency-descending elements, with a peak around 8 kHz. The second call,
detected in three audio-recordings (Nv = 0.06) consisted of a repetition of more vertical
notes at a regular intervals of time (Figure 18).
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Figure 18. Sonograms of the two distinct vocalization types of the Spotted Flycatcher (M. striata)
18.dbra A sziirke légykapd (M. striata) két kiilnb6z6 hangtipusanak szonogramjai
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Tree Pipit
Only one type of Tree Pipit vocalization was detected in the audio-recordings: the alarm

calls (Nv =0.02). These calls consisted of single short elements (i.e. notes) with an intensity
peak between 5 and 6 kHz. These notes were repeated in regular intervals of time and
presented a “tseep” or “seet” similar sound characterization (Figure 19).
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Figure 19. Sonogram of the vocalizations of the Tree Pipit (A. trivialis). Black arrows indicate the single
elements that characterize the alarm call of the species

19.dbra Az erdei pityer (A. trivialis) hangjanak szonogramja. Fekete nyilak jelzik a faj vészhangjat jel-
lemzd egyes elemeket

Western Yellow Wagtail
The Western Yellow Wagtail was detected in the audio-recordings by the identification

of the songs and flight calls. These two types of vocalizations, observed respectively in
eight (Nv = 0.15) and five audio-recordings (Nv = 0.09) are similar in sound and structure.
Both the vocalizations presented a vocal structure characterized by a first high-peak rising
element (up to 68 kHz) and a short down-slurred descending element. In the flight calls,
this descending element is less pronounced (Figure 20).
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Figure 20. Sonogram of the vocalizations of the Western Yellow Wagtail (M. flava). The song (up) and
the flight calls (down) with the charactersitic structure down-slurred shapes

20.dbra A sarga billegeté (M. flava) hangjanak szonogramja. Az ének (fent) és a replilési hivasok
(lent) a jellegzetes szerkezetli lefelé szaggatott alakzatokkal
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Yellow-legged Gull
Two different types of vocalizations of the Yellow-legged Gull were identified in the

audio-recordings: the breeding calls and the alarm calls. The breeding calls were observed
in six audio-recordings (Nv = 0.11) and consisted of long repetitions of down-slurred
horizontal elements and higher-frequency associated harmonics. The alarm calls were
identified in 13 (Nv = 0.24) audio-recordings and characterized by single horizontal notes
and associated harmonics, emitted at relatively lower frequencies than the breeding calls
(Figure 21).

Figure 21. Sonograms of the two vocalizations of the Yellow-legged Gull (L. michahellis): the breeding
calls (up), and the alarm call (down)

21.dbra A sérgaldbu sirdly (L. michahellis) két hangjanak szonogramjai: a kéltési hangok (fent) és a
vészhangok (lent)

Discussion

Bioacoustics monitoring conducted on Ventotene Island during spring migration revealed
a high diversity of bird species. Among the detected species, the Common Chiffchaft,
Common Cuckoo, Eastern Subalpine Warbler, Eurasian Collared Dove, European Serin,
Hooded Crow, Sardinian Warbler, Peregrine Falcon, Spotted Flycatcher, and the Yellow-
legged Gull have previously been classified under various breeding categories within the
Pontine Islands complex (Brunelli ez al. 2011).

As expected, several long-distance migrants were recorded, including the Collared
Flycatcher, Common Cuckoo, Common Nightingale, Eastern Subalpine Warbler, European
Bee-cater, Great Reed Warbler, Common Whitethroat, Tree Pipit, and the Western Yellow
Wagtail (for their Italian status and distribution, see Baccetti et al. 2021, Lardelli e al. 2022).
In contrast, most of the remaining detected species are generally considered sedentary in
Italy, although both the Eurasian Blackbird and the Sardinian Warbler show highly variable
migratory behavior (Fornasari et al. 2018, Lardelli et al. 2022).
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Among all species, the Eurasian Collared Dove, the European Serin, and the Sardinian
Warbler were the most frequently recorded and considered to be relatively common at the
national scale (Brichetti et al. 1986, Calvi et al. 2018, Battisti & Zullo 2019).

Detection rates varied by sampling time, with the highest number of species detected
during sunrise hours (6-9 AM CET), followed by random hours (6 AM — 8 PM CET)
and sunset hours (6-9 PM CET). These results are consistent with the peak of bird vocal
activity during early morning hours (e.g. Bruni et al. 2014). Species detected only during
one sampling window, such as the Great Reed Warbler and the Hooded Crow, were typically
those recorded in low numbers, suggesting that the differences observed are probably the
result of occasional occurrences rather than systematic temporal patterns.

The results of the bioacoustics analyses indicate that most of the bird vocalizations
detected were calls related to social behavior. Alarm calls (Collared Flycatcher, Tree
Pipit, and Yellow-legged Gull) and alighting calls (Eurasian Collared Dove) are primarily
associated with disturbance and potential dangers during migration (Gelter 1987, Clement
et al. 2020, Tyler 2020, Romagosa & Mlodinow 2022, Kirwan et al. 2024). Other call types,
including territorial calls (Black Redstart and Hooded Crow), breeding calls (Western Yellow
Wagtail), “coo” vocalizations (Eurasian Collared Dove) and the two specific “creaking”
and “wailing” calls (Peregrine Falcon) are strictly related to reproductive functions (Carlier
1995, Wrege & Cade 1997, Ballintijn & Ten Cate 1999, Jensen & Klokker 2006, Jensen et
al. 2008, Adriaens et al. 2020, Collar 2024, Kirwan et al. 2024). Contacts and social calls
from the Eastern Subalpine Warbler and the European Bee-eater seem to be linked to their
social and gregarious behavior (Brambilla & Guidali 2005, Aymi et al. 2024, Bastian &
Bastian 2024), while the functions of the other calls are still poorly understood.

Elaborate song types were identified in relatively few species. For the European Serin and
the Sardinian Warbler, the detection of the songs (Luschi 1993, Mota 1999, Mota & Cardoso
2001) supports the ongoing breeding on the island. For other species, such as the Common
Cuckoo, Common Nightingale, Great Reed Warbler, and the Common Whitethroat, the low
number of songs detected may indicate a pre-breeding vocal behavior during migrations. In
fact, within their breeding territories, the songs of these species are strictly linked to their
territorial defense and mate attraction (Catchpole 1983, Catchpole ef al. 1986, Naguib et
al. 2002, Balsby & Dabelsteen 2003, Lei et al. 2005, Moskat et al. 2017, Xia et al. 2019).
For the Western Yellow Wagtail, the function of song is still poorly understood, as most
studies have focused on taxonomic identification rather than behavioral context (e.g. Bot et
al. 2014). Finally, although the species has not been previously reported as a breeder, the
identification of the Eurasian Blackbird songs (Dabelsteen 1984, Dabelsteen 1988, Collar &
Christie 2020) may indicate new nesting attempts of the species on Ventotene Island.

Based on the results, bioacoustics analyses seem to be a promising tool for the passage
detection of the non-breeding and migratory Collared Flycatcher and the Western Yellow
Wagtail in stopover areas. These species showed a high vocalization presence on the audio-
recordings (Nv > 0.15). For other non-breeding species, such as the European Bee-eater,
Common Whitethroat, and the Tree Pipit, bioacoustics analyses may reflect an inadequate
sampling strategy (e.g. number of surveys) or a non-marked vocalizing behavior during
the spring migration. Nevertheless, previous studies highlight the potential of acoustic
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monitoring for tracking these species during migration (e.g. Moreno-Opo et al. 2018, Bota et
al. 2020, Petruskova et al. 2021). Finally, consistently high vocal activity in known breeders
(Brunelli et al. 2011) further supports their continued nesting on Ventotene Island. Future
research may consider bioacoustics to study intra-individual differences in vocalizations
and assess geographic microvariations between islands and mainland populations (Baker &
Cunningham 1985, Naguib et al. 2001, Petruskova et al. 2010).
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