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Abstract   
 
In the first week of April 2022, soundscape recording began at the identified locations. Previously, the necessary 
organizational steps of research and preparation of instrumentation and consumables were carried out. In addition, 
training of the people who would materially carry out in the field both monitoring and direct research of target 
species with placement, control and periodic discharge of data was carried out in accordance with project 
timetable. Four sectors of the forested part in the more or less recently planted former Santa Giustina Quarry of 
Castenedolo (BS) and 2 sectors of the State Nature Reserve of "Bosco della Fontana” of Marmirolo (MN) were 
identified.  
The recording phase took place from mid-April to mid-July 2022. Eight Ultramic 384K audio-ultrasonic microphones 
from Dodotronic were used, placed in thermal containers, together with a power-bank suitable for a full week's 
operation. 1.93 TB of files were acquired for 1197 hours of recording at Castenedolo and 1.2 TB and 687 hours of 
recording at Bosco Fontana. Bioacoustic analyses were carried out overall at CIBRA laboratories in Pavia and in 
detail by specialists (V. Ferri and M. Pesente). The research covered the target faunal groups: Birds, Chiroptera, 
Orthoptera and Cycadidae Homoptera.  
The comparison between the two localities showed a general good faunal richness in Castenedolo, with the 
presence of species of open environments quite interesting for the geographical context and with a high number 
of Orthoptera. Among Birds, the nesting of Skylark, Quail and Yellow Wagtail was highlighted, as well as the 
permanence of rare species such as Long-eared Owl and Sparrowhawk. Much richer in phytophilous and purely 
forest species Bosco Fontana. This is because of the age of over two hundred years and the strict protection of 
the Area.  
To support the recolonization of the Former Santa Giustina Quarry, bat-boxes have been placed in order to 
increase refuges for Bats and attract less widespread species. Extraordinary maintenance of temporary water 
collections at the southern edges of the area was planned in order to increase the reproductive success of Rana 
dalmatina. Finally, it is intended to maintain open areas with predominantly herbaceous and nectariferous 
vegetation to maintain its special entomological richness. 
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Introduction 
 
One of the greatest challenges for biodiversity conservation is to manage and mitigate the threats brought about 
by climate change and reduce the high rate of species loss caused by it. In spite of this, it is very often difficult to 
have a complete overview to make effective decisions, as the understanding of most biological systems is based 
on spatially and temporally limited data coverage [1]. This is the context for Ecoacoustics, an emerging 
interdisciplinary science that investigates natural and anthropogenic sounds and their relationship to the 
environment.  
 
The soundscape, or acoustic environment in a larger view that includes infrasounds and ultrasound, is defined as 
constituted by three main components: sounds of a biological nature (biophony), noises produced by natural 
elements (rain, wind, thunder, etc., which form geophony) and, finally, sounds and noises related to human 
presence (anthropophony and technophony), which can become a source of disturbance and pollution, therefore 
harmful to the ecosystems and to man [2,4].  
Through the analysis of long-term acoustic recordings, it is possible to obtain the description of the soundscape, 
both as a whole and in the detail of the individual components, down to species level. But for this to happen, an 
analytical approach is needed to process the huge amounts of acoustic data and it is fundamental to define a 
standard protocol that optimizes the effectiveness of the sampling effort and reduces the costs, in terms of time 
and resources, for data analysis and the elaboration of results that can be used in conservation projects [5].  
Thanks to the use of passive acoustic monitoring (PAM), it is possible to record large-scale spatial and temporal 
acoustic data and to collect long-term information on the distribution of animal species and on variations in the 
dynamics of biological communities due to human activities [3]. 
 
In this context, our Project has been based on the installation of a series of acoustic sensors, produced by 
Dodotronic (http:/www.dodotronic.com), to compare the soundscape and the acoustic environment (extended to 
ultrasounds) of the Castenedolo’s Wood recently planted in the area of the former Santa Giustina clay quarry with 
that of the oldest plain forest in northern Italy: the “Bosco Fontana” State Nature Reserve. The comparison with 
the ecoacoustic richness of this site has allowed us to evaluate the level of ecological evolution of the different 
sectors investigated in Castenedolo.  
The results that we report in the following final Report already allow us to indicate for this "in progress" plain forest 
which and how many sectors are currently at the level of the target wildlife reference, and the "off-key" notes, 
which are the species that - due to their allochthony or their ecological eclecticism - have taken possession of the 
area to the detriment of those that, appropriately assisted with habitat management interventions, will foster the 
path towards a better and richer biodiversity. 
 
 

Material and methods 
 
Study Areas 
 
Castenedolo's Wood within Santa Giustina quarry 
 
This focus study Area is located in the westernmost portion of the municipality of Castenedolo (BS). Cultivated as 
a pit and whose material was destined for the not far Italcementi cement plant in Rezzato - Mazzano. After the 
final closure of the quarry in 2011, Italcementi signed an agreement with the Municipality of Castenedolo for an 
environmental restoration project that included compensatory reforestation for an area of about 20 hectares, 
making the site among the largest lowland forests in Lombardy. The planting work (divided into 3 functional lots 
with more than 30000 trees and shrubs planted) was completed in 2015; the necessary cultivation and 
maintenance work was carried out in subsequent years. The plots have a southern exposure and are bordered by 
natural or previously planted tree belts. The whole area has recently been included in the PLIS "Bosco di 
Castenedolo," a protected area of supra-municipal level identified and proposed by the Municipality of 
Castenedolo. 
Four sectors of the Castenedolo Forest distinguished by prevailing habitat type were covered by monitoring 
(Appendix 1). 
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Bosco Fontana State Nature Reserve  
 
This area represents what remains of a much larger area formerly owned by the “Gonzaga” family. After the second 
half of the seventeenth century, with the fall of the Duchy, the forest was abandoned until it became the seat of 
the Austrians in 1700. In the following decades it suffered continuous threats of destruction, until in 1910 it became 
part of the State Forestry Department and in 1921 was declared a National Monument. 
Eighty-five percent of the Reserve's 236 hectares is now occupied by forest. The prairie and a small wetland 
remain. The Reserve represents one of the last relict vestiges of the lowland meso-hygrophilous deciduous forests 
that covered the Po Valley with wide continuity until about 2,000 years ago. 
Scientific research in the State Nature Reserve is constantly monitored and conducted directly by the National 
Carabinieri Biodiversity Center "Bosco Fontana" (CNCB). 
In Bosco Fontana, 2 Monitoring Stations have been identified: one at the edge of the forest, in the part facing the 
central part; the second located in the middle of the wooded area, in the center of the area interdicted to public 
visits; here the arboreal vegetation consists of an oak-hornbeam grove (white oak-hornbeam), with shrubby 
undergrowth of various essences (Appendix 1). 
 
Research equipment 
 
In our project we employed 8 autonomous Ultramic Dodotronic recorders, able to detect the acoustic expression 
of the local fauna: insects, amphibians, birds and bats. 
 
The Ultramic384K is a high quality - professional digital audio and ultrasonic microphone that can work as an 
Ultrasonic USB microphone, if connected to a computer, or as an autonomous unattended audio and ultrasonic 
recorder. It has an integrated analog-to-digital converter able to achieve a 384 kHz data sampling rate; this mean 
that it can record ultrasounds up to about 190 kHz. When used with an external USB battery, integrated 32 bit 
microcontroller makes it a perfect device for long-term autonomous recording: only 30 mA @5 Volts of power are 
required when operating at full speed. In recording mode, the microphone needs to be powered continuously: we 
used power banks with 3 D-type Energizer Industrial batteries (not rechargeable), with an estimated autonomy of 
about 200 hours  (https://www.dodotronic.com/Download/Ultramic384BLE_User_Guide.pdf). The recording 
schedule was set as 5 or 10 minutes recording every 30 minutes, thus producing 96/48 files/day, each file sized 
146/292 MB for a total storage requirement of approximately 15 G /day for each recorder. 
Hand-held digital recorders with a parabolic microphone have been used by researcher to isolate specific sounds 
of interest, e.g. individual bird species and orthopteran species, for detailed analyses. 
 
At the end of February we had a very important help from Italcementi for purchase and availability of essential 
consumables for start-up and complete realization of our ecoacoustic project activities (2 8TB-Data-bank; 2 4TB-
Data -bank; 12 256GB-Microsdxc and 12 LR20DP12 industrial battery packs, 1.5 V, D, alkaline, 20.5 Ah). 

     
Data Analysis 
 
Recordings have been collected and transferred to the server of the University of Pavia, to be easily shared among 
our Team, and preprocessed with software SeaPro SABIOD developed by CIBRA (Interdisciplinary Center for 
Bioacoustics and Environmental Research) that produces daily compact spectrograms to be used to have a 
general daily view of the soundscape structure across the day and the night. This way it is easy to select good 
days for further analyses at greater detail and discard days affected by wind or rain. In addition, these compact 
views allow an easy comparison across sites and periods, and show recognizable and repetitive patterns worth of 
further investigation with either listening or the generation of high resolution spectrograms, able to show details 
needed for species identification (Appendix 2, Figg. 2-5). 
By looking at the daily spectrograms it is possible to see the changes of the soundscape through the seasons and, 
for example, show the bird singing in the spring breeding period and the increase of insect sounds and frequency 
with the increase of temperature in summer. With this type of graphical display we recognize aggregations of 
repetitive sound elements (repetitive calls or series of songs) to be linked to species, with confirmation given by 
detailed spectrogram generation. 
  

https://www.dodotronic.com/Download/Ultramic384BLE_User_Guide.pdf
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Target species 
 
Insects 
Many insects produce sounds: some rub one part of their body against another, some rapidly vibrate their wings, 
and some forcefully push air out of spiracles (= slits connected to the insects' respiratory system). Sometimes, 
insect sounds are accidental, produced by activities such as flight or chewing. An insect also deliberately produces 
sounds to attract a partner, define territory or scare off a potential predator. Typically, the most "sonorous" insects 
are Orthoptera (crickets, locusts, and grasshoppers) and some Homoptera Cicadidae, which by rubbing one part 
of their body against another, such as a wing on a leg, produce rhythmic or incessant trills and stridulations, often 
at ultrasonic frequencies, often typical, bioacoustically enabling their determination. For this project we decided to 
focus our attentions precisely on Orthoptera and Homoptera Cicadidae. 
 
Amphibians 
Most amphibians (frogs, toads, and some species of newts) are highly vocalizing animals. In most frogs, males 
expend considerable energy in vocalization, incurring considerable predation risks. In addition, the detection and 
localization of conspecific male calls by females is often a prerequisite for successful mating. Thus, acoustic 
communication is evidently evolutionarily important in anurans, and their auditory system is probably shaped by 
the selective pressures associated with the production, detection, and localization of communication calls. 
 
Birds 
Birds produce species-specific sounds that can be easily recorded with automated or manually controlled recording 
systems, but they also provide a model system for studying acoustic communication. With vocalization often 
showing a dual strategy of territorial defense and female attraction. Research using breeding techniques has 
shown how birds interact, demonstrating differences between males and females in the perception of sounds and 
indicating how females might choose males based on sound. 
 
Bats 
Bats must solve a multitude of tasks with echolocation: analyzing the environment in which they are or are flying, 
conducting foraging activities as best they can, and detecting the presence of predators. Over the course of 
evolution, bats have developed a repertoire of echolocation signals and species-specific behaviors specifically 
adapted to precise tasks. In a tightly linked action-perception cycle, bats continuously emit echolocation signals, 
analyze the return information to reconstruct a mental representation of the external world, and select the 
appropriate signal types and emission pattern to adopt the most appropriate behavioral strategy. 
Before moving on to identify bats at the species or species group level, we appropriately and preemptively 
managed the obtained acoustic sequences. We divided the continuously recorded and thus large acoustic files 
into standard 5s-long files using Kaleidoscope (https://www.wildlifeacoustics.com/products/kaleidoscope-pro). 
Acoustic identification was done by pre-identification using automatic classifiers (Kaleidoscope, BatExplorer), and 
then proceeded manually to final validation and identification with BatSound 4.03 Pro (Pettersson El.) [11]. 
 
Project Steps 
 
After the inspection held on February 11 at Bosco di Santa Giustina, with all the participants and the italian 
coordinators of the Quarry Life Award for Italcementi, we prepared the acoustic and ultrasonic microphones whose 
operating mechanism was taught, as a first action to the volunteers of the Association "La Collina dei Castagni" of 
Castenedolo. We have had the availability of 8 Ultramic 384K from Dodotronic (4 for Castenedolo and 4 for Bosco 
Fontana).  
 
By the first week of March the monitoring staff in Castenedolo received all the information they needed to be able 
to follow the project carefully. In fact, volunteers ensured the installation of the sensors, their control and the 
periodic downloading of the acoustic files recorded on the memory cards. 
On the morning of March 24, Prof. Gianni Pavan presented to Carabinieri National Center for Biodiversity "Bosco 
Fontana" (CNCB) the activities that will be carried out soon inside Bosco Fontana for an ecoacoustic comparison 
with Castenedolo. 
  
The field research carried out in the Santa Giustina quarry involved Christiana Soccini and Vincenzo Ferri. The 
survey was carried out by sight in all accessible areas or at least those surrounding the inter-farm roads, using a 
method comparable to the Systematic Sampling Survey, SSS [12].  
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With regard to birds, the collaboration of photographer and birdwatcher Diego Pelizzari, a perfect connoisseur of 
this group in this focus area, whose photographic records and confirmations of sedentary and breeding species 
also for 2022 greatly aided ecological analyses and assessments, was effective. 
As for Bosco Fontana, the basic faunal knowledge is as reported in the works cited [13, 14, 15, 16]; the species 
surveyed were largely determined by Marco Pesente, who is responsible for monitoring at this site.  
In order to carry out an effective information and public awareness campaign on the Project's target faunal groups, 
two public events were planned and carried out under the free patronage of the Municipality of Castenedolo and 
with the organizational coordination of Matteo Cavagnini, representative of the local administration and former 
member of the collaborating Association. Thus, the "Bioacustiamo & Bioblitz 2022" days (full day on May 22, 2022) 
and, for the first time the "Spring Bat Night" evening in Castenedolo (June 13, 2022) were held. 
 
 
 

Results 
 
Sampling effort 
 
Soundscape monitoring started in the first week of April 2022 and registrations continued until mid-July, with an 
average of 44 days of field installation of sensors in each station and with an average of 281 hours of actual 
recording at each station. In Table 1 the overall data of the acoustic documentation acquired in the two study 
areas. 
 

Castenedolo’s Wood (within Santa Giustina quarry) 
hours of active 

recording 
amount of data 

acquired  
number of wav files 

(10 minutes of 
recording) 

number of wav 
files to analyze 

(5 seconds) 

number of wav files with positive 
bioacoustic contact (birds, bats, 
cicadas, grasshoppers, crickets) 

1127 1,93 TB 6765 811800 15132 

 

Bosco Fontana State Nature Reserve 
hours of active 

recording 
amount of data 

acquired  
number of wav files 

(5 minutes of 
recording) 

number of wav 
files to analyze 

(5 seconds) 

number of wav files with positive 
bioacoustic contact (birds, bats, 
cicadas, grasshoppers, crickets) 

687 1,2 TB  8248  494798  (*) 

 
Table 1.  Overall data of the acoustic documentation acquired in the two study areas. 

 

Castenedolo’s Wood  

Station 1 2318  

Station 2 5907  

Station 3 3527  

Station 4 3380  

 15132  

 
Table 2. Number of bioacustic data registered in the Castenedolo’s Wood  

(files wav of 5 second with at least one contact of target species). (*) Detailed analysis still in progress. 

 
 

Analysis of the total files recorded at the 4 Stations in the Castenedolo’s Wood produced the results shown in 
Table 2. There were 15132 positive files regarding acoustic contact of at least one individual of the target species. 
The exact tally of the number of positive contacts for each of the project target wildlife groups is in progress 
(Appendix 2, Figg. 6-9). 
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Field research  
 
At Santa Giustina quarry, 10 survey sessions were carried out, indicatively fortnightly, from March to July, lasting 
3 hours each. These surveys were responsible for the confirmation of many target species (including Rana 
dalmatina) and the presence of three Coleoptera Carabidae (s.l.), which are increasingly rare in the Brescian plain: 
Cicindela campestris, Cylindera germanica and Carabus (Carabus) granulatus interstitialis, and the discovery of 
a deposit of Long-eared Owl wads (see “Target species”). 
 
Awareness events 
 
Very useful for deepening knowledge about the distribution and situation, especially of target faunal groups, were 
the two realized events of naturalistic popularization. 
In the case of "Bioacustiamo & Bioblitz 2022" together with 28 participants, including adults and children, it was 
possible to collect observations and compile the first Check-List of the Fauna of the former Santa Giustina Quarry 
for 210 species, documented with photographic images or recorded wav files, and georeferenced. Determination 
was done at the species (N=143) or genus (N=67) level. Among them were young individuals of Tettigonidae and 
Acrididae and 3 species of Odonates. 
During the "Spring Bat Night” and guided bat detector portion of the trail, a bat of great interest for this part of the 
Brescian territory, the Geoffroy's bat (Myotis emarginatus), was contacted several times, subsequently never again 
recorded with bioacoustic monitoring. A successful Bat Night that was attended by 48 adults and children, the 
placement on large trees of first Bat houses, the collaboration of many volunteers and the sponsorship of Eurobats. 
Both events were sponsored by Italcementi and the Municipality of Castenedolo. 
   
Target species results 
 
Amphibians 
The beginning of the acoustic sampling activities coincided with start of amphibian breeding season, and therefore, 
in the first weeks of research, the analyses focused on frogs and toads. This was especially the case for Station 1 
in Castenedolo’s Wood, located near a series of pools and an irrigation pond. Unfortunately, no amphibian calls 
were recorded, while the direct search carried out at the puddles during March had revealed an interesting 
population of Agile frog (Rana dalmatina). Observations had, in fact, included one large female and 12 egglets. 
The pools were too ephemeral given the high burying phase and loss of watertightness necessary to ensure larval 
development; only 2 eggs laid within the irrigated pond ensured 2022 reproductive success.  
Within the Bosco Fontana State Reserve, 6 species of amphibians are reported, including Lataste's Frog (Rana 
latastei). Also at this location, no acoustic contacts of individuals of this group have been recorded but only visual 
ones. 
The availability of water in the wetlands of Bosco Fontana is dependent on the intense exploitation for irrigation 
purposes of the water supply of adjacent crops. Temporary spring drying up of streams within the forest and 
especially the marsh in the central clearing impair or prevent breeding. The Lataste's Frog, which breeds mainly 
in the forest channels, seems to be less affected by this situation.  
It is necessary, in any case, at both Study Areas, to remedy desiccation during amphibian reproduction by trying 
to enhance the availability of small water collections, scattered wherever possible, with adequate impermeability 
and, if necessary, to be easily topped up with water transport in emergencies. Pools of Castenedolo will have to 
be restored within the next breeding season. 
 
Birds  
By comparing the available knowledge on sedentary and nesting avifauna of Castenedolo’s Wood (47 species) 
with that of Bosco Fontana State Reserve (54 species), differences are evident (Appendix 2, Table 3, with number 
of bioacoustically ascertained species). 
The ancient lowland forest of Bosco Fontana is surrounded by large water basins and canals where distinctly 
marshy species, such as Little bittern (Ixobrychus minutus), Coot (Fulica atra) and Greenish marsh warbler 
(Acrocephalus palustris), stop and reproduce. There are also differences between birds related to mature woods: 
in Bosco Fontana we find the Lesser spotted woodpecker (Picoides minor), the Green willow (Phylloscopus 
sibilatrix), the Wryneck (Jynx torquilla) and the Little shrike (Lanius collurio). 
The Castenedolo’s Wood shows its high degree of anthropization and its young forest situation in the uniqueness 
presence of some opportunistic species such as Jackdaw (Coloeus monedula) and Magpie (Pica pica), but also 



  
 

9 
 

in grassland and non-intensive agriculture species, such as Skylark (Alauda arvensis), Quail (Coturnix coturnix), 
Wagtail (Motacilla flava) and Kestrel (Falco tinnunculus). 
It is interesting, anyway, that also in Castenedolo’s Wood are well attested two representative species such as 
Long-eared owl (Asio otus) and streamlined Long-winged falcon (Falco subbuteo). 
 
Orthoptera & Homoptera Cicadidae 
There are 21 species of Orthoptera detected bioacoustically (12) or during field research (9) in the Castenedolo’s 
Wood. A number important for this territory. Among various ascertained species, the great Egyptian locusts 
(Anacridium aegyptium), some migratory locusts (Locusta migratoria), but also the small and delicate Oecanthus 
pellucens, whose calls were frequent on the edges of the access roads.  
Until now, the comparison for this group with data of Bosco Fontana has led to the recognition, all bioacoustic, of 
6 species (Appendix 2, Table 4).  
There were only two species of Cicadidae recorded. The first, the Ash cicada, Cicada orni, is very common in both 
Areas. The second was a real and unexpected discovery in Bosco Fontana. 
 
Cicadetta brevipennis brevipennis 
From the analysis of audio tracks obtained by means of Ultramic digital audio-ultrasonic recorders, as well as from 
some active recordings made by means of parabolic microphone, both directly by us (M. Pesente) and by Marco 
Bardiani, a researcher working at the CNCB Station of Bosco Fontana, the presence of Cicadetta brevipennis, a 
small cicada species never before reported in the Po Valley lowland environment, emerged. After consultation with 
Swiss researcher Thomas Hertach, an expert on this particular group of Homoptera, we had confirmation that it 
was the typical form Cicadetta b. brevipennis.  From this initial survey, the species was found to be well represented 
within the entire forest area, although - since it is an insect with relative high frequency emissions (up to 17 kHz) - 
it is hardly audible. Hence the usefulness of bioacoustic surveys with suitable instrumentation. That of Bosco 
Fontana thus represents a nucleus that is for now isolated and relict and therefore at high risk of extinction. 
The report is being followed up by in-depth investigations into the biology and distribution, in consultation with 
specialists from the Carabinieri Forestali of CNCB. 
 
Bats 
Analyses conducted (about 12000 files) showed that passages of 7 bat species were recorded at Santa Giustina 
quarry (Appendix 2, Table 5). The most frequently detected species was Pipistrellus kuhlii (44.13% of contacts so 
far analyzed) followed by Tadarida teniotis (31.10%) and Pipistrellus pipistrellus (26.26%). 
  
As for Bosco Fontana, about 3000 files were analyzed with detection of 6 Chiroptera taxa of which 4 were identified 
at the species level and 2 at the genus level. The most detected species was Pipistrellus pygmaeus (48.16% of 
total contacts), followed by Pipistrellus kuhlii/nathusii (24.08%). In doubt was the presence of Hypsugo savii at this 
site (Appendix 2, Table 5). 
 
Other Mammals 
Amount of direct observations, reports from collaborators (including voluntaries of “La Collina dei Castagni” 
Association) and results of bioacoustic analyzes, allow us to define first faunal situation comparisons between two 
Lombard plain forests, subject of our Project. There were 24 species of terrestrial mammals listed in the 
Management Plan of Bosco Fontana State Reserve [15], which -we recall- is a very important and ancient wooded 
area, testimony of woods once widespread in our plain. Among them, very localized species such as the Striped-
back wild mouse, Apodemus agrarius, and the Arvonchi’s wood shrew, Sorex arunchi. 
 
In the Santa Giustina quarry, thanks to the environmental diversity, three other species of Soricomorphs seem 
common, difficult to see but fundamental for the woodland ecology: Suncus etruscus, Crocidura leucodon and 
Crocidura suaveolens, together with Talpa europaea and the European hedgehog, Erinaceus europaeus. 
Thanks to photographic evidence (images made available by Diego Pelizzari) the presence, unfortunately very 
dated, of the rare and threatened Common dormouse, Muscardinus avellanarius, has also been proven. 
Fundamental for our study was the discovery of a few dozen wads abandoned by Long-eared Owl (Asio otus) 
during recent nesting in the Santa Giustina quarry: their preys analyzes will give us an even more defined overall 
picture of present terrestrial Mammals and will soon be the subject of a scientific work. 
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Discussion 
 
Trees of Castenedolo’s Wood are still too young to provide adequate shelter for forest bats. And for now, in fact, 
among reported species (Appendix 2, Table 5) there are only or small anthropophilic species (which find refuge in 
homes and other artifacts), such as Pipistrellus kuhlii, Pipistrellus pipistrellus and Hypsugo savii, or skilled flying 
species (which reach here starting from shelters located in suitable places far away), such as Miniopterus 
schreibersii and Tadarida teniotis. 
 
To increase Bats species richness and "attract" some other vespertilio, such as already contacted Myotis 
emarginatus or some Plecotus austriacus, we have decided to activate a first important management intervention: 
the manual construction and positioning of bat-boxes. Between June and July 2022, 11 of them were placed, 
clearly visible along the visit route, but placed at a Bat safety height. In the coming months, together with friends 
of the "La Collina dei Castagni" Association, we will place at least another twenty, starting from the spring of 2023 
a monitoring of their actual attendance. 
 
As for the amphibians, Castenedolo’s Wood does not have large wetlands. However, the identification of a small 
nucleus of Agile frogs is sufficient reason to try to improve the availability of water in the relict pools. This species 
is characteristically linked to wooded areas and therefore the most suitable initiatives must be taken to allow its 
annual reproductive success and its expansion. Furthermore, from data available on its distribution in the Lombard 
plain, it is a species that has become increasingly rare and almost completely localized in the foothills. The closest 
known population is found in the Mompiano Valley, on the edge of the city of Brescia and within the PLIS “Colline 
di Brescia”. On the plain, however, it is necessary to reach the province of Lodi for another vital population (near 
Senna Lodigiana).  
 
From the bioacoustic point of view, however, the most interesting results were obtained with the Orthoptera. Apart 
from the omnipresent and ubiquitous Tettigonia viridissima, which between mid-June and mid-July almost 
monopolized recordings (together with Cicada orni it was found in 62% of the analyzed files) in the first part of the 
nights, another 11 species were contacted. A large number that, together with the species detected with direct 
research, has brought the list of this group of Insects to 21 species. Even if several of them frequent the ecotone 
zones between open areas and wooded areas, there is no doubt that this faunal wealth is linked to the still large 
open and grassy areas of Santa Giustina quarry.  
 
Therefore, it is necessary to review the general reforestation project in the light of the problems related to climate 
change and the consequent longer and longer periods of drought. Our proposal is not to "insist" on the replacement 
of failures, leaving the areas open as ideal "clearings" for herbaceous essences. Fundamental resources for the 
biodiversity of pollinators, for Orthoptera, but also for Reptiles: the large population of West Green Lizard, Lacerta 
bilineata, and Green Whip Snake, Hierophis viridiflavus, represent fundamental ecological links for a correct faunal 
balance of this future lowland forest.  
 
This new approach is in-line with the interest in reducing the general decline of Insect biodiversity and soil 
microfauna observed in Europe, that is often linked to reduced bird biodiversity related with the impact of 
agriculture. The new trends in conservation politics must be now addressed more to an ecological management 
of agroecosystems, to maintain a legitimate food production but connected with the maintaining of overall 
biodiversity and of ecosystem services.  
 
The restoration of the area of the quarries must keep into consideration the need to maintain ecotones and 
grasslands with the implantation of autoctone species able to sustain Insect biodiversity, in particular of 
impollinators, and the soil microfauna, rather than forcing woodlands.  
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Conclusion 
 
The ecoacustic approach has evidenced its possibilities in describing the quality of stable ecosystems like the 

Bosco Fontana taken as the optimal reference, with a valuable richness and diversity of biosounds, and in 

describing the evolving quality of different sites in the experimental Area of the Castenedolo’s Wood with Santa 

Giustina quarry. By continuing the monitoring work it will possible to make evident the evolution of the restoration 

process and the related increase in soundscape quality, to be considered an indicator of the successful restoration 

process and also and indicator of habitat quality for the enjoyment of public fruition. The biophony is the expression 

of the ecosystem richness and diversity, to be considered both valuable for the public enjoyment of the area and 

of the management by providing, year by year, information on the evolution of the different habitats present. 

In our research, with the analytic approach required to identify individual acoustic events and identify specie, many 

bird occurring in the area have been detected and their presence confirmed. In addition, have been also recognized 

and described orthopteran species not spotted before. 
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Appendix 1  

 

Map of  former “Santa Giustina” Quarry with 4 bioacustic monitoring stations  

 

 

Map of “Bosco Fontana” Natural State Reserve with 2 bioacustic monitoring stations 
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Appendix 2 – Tables and Figures 

 
Table 3.  Check-List of Birds confirmed in Study Areas during our project.  

In color species also bioacoustically ascertained in the recordings. 

 

 

AVES
specie nome comune B. CAST B. FONT

Accipiter nisus sparviere X X

Acrocephalus palustris cannaiola verdognola X

Aegithalos caudatus codibugnolo X X

Alauda arvensis allodola X

Alcedo atthis martin pescatore X

Anas platyrhynchos germano reale X X

Ardea cinerea airone cenerino X

Asio otus gufo comune X X

Athene noctua civetta X X

Bubulcus ibis airone guardabuoi X

Buteo buteo poiana X

Carduelis carduelis cardellino X X

Carduelis chloris verdone X X

Cettia cetti usignolo di fiume X X

Cisticola juncidis beccamoschino X

Coccothraustes coccothraustes frosone X

Coloeus monedula taccola X

Columba palumbus colombaccio X X

Corvus corone cornix cornacchia grigia X X

Coturnix coturnix quaglia X

Cuculus canorus cuculo X X

Erithacus rubecula pettirosso X X

Falco subbuteo lodolaio X X

Falco tinnunculus gheppio X

Fringilla coelebs fringuello X X

Fulica atra folaga X

Gallinula chloropus gallinella d'acqua X

Garrulus glandarius ghiandaia X X

Hippolais polyglotta canapino X

Ixobrychus minutus tarabusino  X

Jynx torquilla torcicollo X

Lanius collurio averla piccola X

Luscinia megarhynchos usignolo   X X

Milvus migrans nibbio bruno X X

Motacilla alba ballerina bianca X

Motacilla cinerea ballerina gialla X X

Motacilla flava cutrettola X

Muscicapa striata pigliamosche X X

Oriolus oriolus rigogolo X X

Otus scops assiolo X X

Parus caeruleus cinciarella X

Parus major cinciallegra X X

Parus palustris cincia bigia X

Passer italiae passera d'Italia X X

Passer montanus passera mattugia X X

Phasianus colchicus fagiano X X

Phoenicurus phoenicurus codirosso X X

Phylloscopus collybita luì piccolo X

Phylloscopus sibilatrix luì verde X

Pica pica gazza X

Picoides major picchio rosso maggiore X X

Picoides minor picchio rosso minore X

Picus viridis picchio verde X X

Saxicola torquatus saltimpalo X

Serinus serinus verzellino X X

Sitta europaea picchio muratore X

Streptopelia decaocto tortora dal collare X X

Streptopelia turtur tortora selvatica X X

Strix aluco allocco X

Sturnus vulgaris storno X X

Sylvia atricapilla capinera X X

Tachybaptus ruficollis tuffetto X

Troglodytes troglodytes scricciolo X X

Turdus merula merlo X X

Upupa epops upupa X

Vanellus vanellus pavoncella X

47 (36) 54 (39)
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Appendix 2 -  Tables and Figures 

 
 

Table 4.  Check-List of Orthoptera confirmed in Study Areas during our project. 
In color species also bioacoustically ascertained in the recordings. 

 

CHIROPTERA    

specie nome comune 
B. 

CAST B. FONT 

Myotis emarginatus Vespertilio amarginato X   

Myotis  sp non det  (1) Vespertilio non det   X 

Myotis  sp non det  (2) Vespertilio non det   X 

Eptesicus serotinus Serotino comune X X 

Pipistrellus pipistrellus Pipistrello nano X X 

Pipistrellus kuhlii Pipistrello albolimbato X X  

Pipistrellus kuhlii/nathusii 

Pipistrello di Nathusius 
(?) 

  X 

Hypsugo savii Pipistrello di Savi X  ? 

Miniopterus schreibersii Miniottero X   

Tadarida teniotis Molosso di Cestoni X   

  7 6 
 

Table 5.  Check-List of Bats confirmed in Study Areas during our project. 
All species bioacoustically ascertained in the recordings. 

 

 

ORTHOPTERA
specie Famiglia B. CAST B. FONT

Acrida ungarica mediterranea Acrididae X  

Anacridium aegyptium Acrididae X X

Calliptamus italicus Acrididae X

Chorthippus dorsatus Acrididae X

Locusta migratoria Acrididae X

Oedipoda caerulescens Acrididae X

Oedipoda germanica Acrididae X

Omocestus rufipes Acrididae X X

Pezotettix giornae Acrididae X

Gryllus campestris Gryllidae X

Acheta domesticus Gryllidae X

Melanogryllus desertus Gryllidae X

Oecanthus pellucens Gryllidae X

Gryllotalpa gryllotalpa Gryllotalpidae X

Eupholidoptera chabrieri Tettigonidae X X

Tettigonia viridissima Tettigonidae X X

Phaneroptera nana Tettigonidae X X

Platycleis grisea Tettigonidae X X

Ruspolia nitidula Tettigonidae X

Decticus albifrons Tettigonidae X

Conocephalus discolor Conocephalidae X

21 (12) 6 (6)
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Appendix 2 -  Tables and Figures 
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Appendix 2 -  Tables and Figures 

 
Figure 6.  Number of bioacoustic contacts detected for each day of registration in Station 1 of Castenedolo’s Wood. 
 

 
Figure 7. Number of bioacoustic contacts detected for each day of registration in Station 2 of Castenedolo’s Wood. 

 

 

 
Figure 8. Number of bioacoustic contacts detected for each day of registration in Station 3 of Castenedolo’s Wood. 
 

 

 
Figure 9. Number of bioacoustic contacts detected for each day of registration in Station 4 of Castenedolo’s Wood. 
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Appendix 2 -  Tables and Figures 
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Appendix 3 -  Pictures 

 

Figure 18. Periodic inspection of the acoustic sensors located in the Castenedolo’s Wood. On the right, acoustic 

                investigation with  parabolic microphone in Bosco Fontana. 
 

 
 

 

Figure 19. Training day (March, 24, 2022) for Carabinieri Forestali of the CNCB of Bosco Fontana. 

                   On the right, placement of a sensor in Bosco Fontana Station 2. 
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Appendix 3 -  Pictures 

 

                Figure 20. Target Insects: Orthoptera (a)  Eupholidoptera chabrieri; (b) Conocephalus discolor (c) Gryllus campestris 

 

        

Figure 21. Amphibians in Santa Giustina quarry: (a) Rana dalmatina adult female; (b) the irrigation basin which represents the 

only current reproductive safety; (c) the ponds to be urgently restored. 
 

 
 

          Figure 22. 1st Event: Bioacustiamo & Bioblitz 2022                  Figure 23.  2nd Event:  Spring Bat Night  

  



  
 

22 
 

Appendix 3 -  Pictures 

 
 

Figure 24. 1st Event: Bioacustiamo & Bioblitz. Partecipants in action 

 

 
 

 
              

Figure 25.  2nd Event:  Spring Bat Night. Partecipants listening to the acoustic passages of bats  
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Appendix 3 -  Pictures 

 

 

 

 

Figure 26. Target Birds: (a) Motacilla alba; (b) Motacilla cinerea; (c) Carduelis carduelis; (d) Motacilla flava; 
(e) Hippolais polyglotta; (f) Falco subbuteo. All photos were taken in the Castenedolo’s Wood, at a distance 

-without disturbing- with a powerful telephoto lens (courtesy of the author Diego Pelizzari). 
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Appendix 3 -  Pictures 

 

 

 

 

 

Figure 27. Target Birds : (g) Coturnix coturnix; (h) Oriolus oriolus; (i) Aegithalos caudatus  (k) Parus major; (j) Asio otus; 

(l) Accipiter nisus. All the photos were taken in the Castenedolo’s Wood, at a distance -without disturbing- with a powerful 

telephoto lens (courtesy of the author Diego Pelizzari). 
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Appendix 3 -  Pictures 

 

Figure 28.  First management intervention: 11 bat boxes were built and placed, improving 
the availability of suitable shelters for small phytophilic Chiroptera in the Castenedolo’s Wood. 

 

     
 


