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Abstract
The Department of Agricultural, Food, Environmental and Animal Sciences (DI4A) at the University of Udine, in collabora-
tion with Friuli Venezia Giulia regional authorities, within northeastern Italy, set up a wildlife monitoring and surveillance 
regional network, named InfoFaunaFVG. Here we describe the development and application of this data repository system 
based on a novel progressive web application, and report the data gathered in the first two and a half years of its use. Info-
FaunaFVG is made of a Web Database and an integrated WebGIS system. In particular, the following open source softwares 
are used: Apache HTTP Server, Oracle MySQL, Symfony, Apache Tomcat, GeoServer, OpenLayers. The web app can be 
accessed from any web browser or by installing the progressive web application in the desktop or mobile devices. In short, 
operating from November 2019, InfoFaunaFVG currently (April 2022) contains a total of 40,175 records, from 300 different 
users, from 16 institutions. Among all species recorded, mammals were 40% (16,018) of the total, whereas avian species 
represented 59% (23,741), and others (reptiles and amphibians) 1% (416), respectively. Two hundred twenty-six different spe-
cies (175 avian and 51 mammals) were recorded. Details about causes of death and live animal rescue were reported. To date, 
InfoFaunaFVG has proven to be a successful wildlife data repository system providing high quality consistent, accurate and 
traceable data. These had a considerable impact on regional wildlife governance. In the authors’ knowledge, InfoFaunaFVG 
is the first example described in literature of such a progressive web application, coordinated on an institutional level, and 
not based on voluntary-citizen observations. InfoFaunaFVG has the potential to become the largest wildlife monitoring and 
surveillance data repository system on a national level.
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Introduction

Importance of wildlife monitoring and surveillance activi-
ties is widely recognized in a global context, where the 
human–wildlife interactions have increased dramatically, car-
rying economic, health and environmental risks (OIE 2010).

The increased percentage of private or public metropolitan  
areas in developed countries has had a profound impact both on 
ecological landscape and balance between wildlife and humans’ 
activity (Mustățea and Patru-Stupariu 2021). Although the 
extention of urban areas into rural zones has been traditionally 
considered the main problem, in more recent years, the over-
abundant wildlife populations are also coming into contact with 
settled areas, through source–sink dynamics, especially towards 
human food sources (Messmer 2000; Konig et al. 2020). The  
growing interaction and human-wildlife closer contact can 
certainly generate conflicts; this leads to reciprocal negative 
outcomes, such as crops and residential or household dam-
ages, vehicle collisions, incidental dangerous human-wildlife 
encounters, introduction of diseases, social and economic costs 
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impact on regional wildlife governance, providing high quality 
consistent, accurate and traceable data on wildlife species.
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associated with the elimination or restrictions placed on tradi-
tional wildlife management (Soulsbury and White 2015; Pooley 
2021). Furthermore, public perception of human-wildlife inter-
action is becoming more and more complex (Frank et al., 2019). 
This is not solely based on anthropocentric views, but conveyed 
towards a more sustainable state of coexistence (Pooley 2021). 
On reflection, the strive towards a balanced coexistence has 
had an impact on wildlife governance, leading institutions to 
take into account investigations and monitoring of biodiversity,  
when making decisions about wildlife conservation. Governance  
models are now required to implement sustainable management 
plans, and wildlife policy instruments through the use of ecologi-
cal knowledge, and organized comprehensive data acquisition 
(Corona et al. 2011; Waetje and Shilling 2017; Carter et al. 2020).

The use of information system databases has become 
an essential tool in a context of widespread use of port-
able devices, and online internet access. The importance of 
remote access resides in the possibility of real-time input, 
and retrieval of data without spatial and temporal restrictions 
(Lahoz-Monfort and Magrath 2021). Several information sys-
tems for wildlife monitoring through web and mobile applica-
tions have been reported and described in literature (Olson 
et al. 2014; Shilling et al. 2015; Waetje and Shilling 2017, 
Marvin et al. 2016; Duffy 2020, Gabriel and Ravindran 2021). 
Particular focus has been placed on systems to report wildlife 
near roadways and roadkills. Idaho Fish Wildlife Information 
System https:// idfg. idaho. gov/ speci es/ roadk ill), I-90 Wildlife 
watch (https:// i90wi ldlif ewatch. org/) in the Snoqualmie Pass 
region of Washington, the Belgian “Animals under wheels” 
(http:// waarn eming en. be) and the “Taiwan Roadkill Obser-
vation Network” (https:// roadk ill. tw) are examples of large 
volume databases, which have been collecting observations 
from both institutional sources and on a voluntary basis. 
Spatial Monitoring and Reporting Tool (SMART) is a new 
technology that can be used to increase the temporal and spa-
tial scale and dimensionality of ecological and conservation 
observations and research. This open source software has 
been developed through collaboration among conservation 
agencies, and organizations to improve site-based conserva-
tion area effectiveness. SMART allows Android and Windows 
Mobile–enabled smartphone, or tablet, uploading and manag-
ing data to be viewed by patrol teams (Gabriel et al. 2021).

Similar examples of information systems for wildlife 
monitoring on an Italian national level, reported by insti-
tutional observation centers, have been attempted, but with 
limited longevity.

Often, these databases originated spontaneously from 
social media groups to develop in more structured pro-
jects, gradually established through discussions and con-
sensus among members.

Since volunteers-based databases have become more 
common, the need for sophisticated tools and wider scope 
have become necessary (Bonney et al. 2009). Thus, not only 

roadkills-focused projects have developed through the years, 
but also more taxonomically focused databases such as eBird 
(Sullivan et al. 2014; ebird.org/home), and broader biodi-
versity repositories of data, like iNaturalist (Wittmann et al. 
2019; inaturalist.org). iMammalia app represents a further 
example of this tendency (mammalnet.com): this system, 
has the goal to encourage recording of mammals, especially 
wild boars, in the natural environment by using smartphones 
(ENETWILD-consortium et al. 2022). Essential challenges 
of these systems are the lack of a commonly used set of 
rules for data collection, visualization and management, and 
most importantly the quality and accuracy of citizen-based 
observations (Waetjen and Shilling 2017). To overcome 
these challenges, most of these projects adopted a stand-
ard set of rules for reporting wildlife observations such as 
the Darwin Core standards and the use of open repositories 
like the Global Biodiversity Information Facility (GBIF), to 
share their data publicly.

Within the Italian context, national Italian legislation 
(Legislation n.157/1992) regulates the definition of wildlife, 
and delegates the responsability of its governance to regional 
and provincial authorities. The same legislation regulates 
selective culling for mammals and birds.

In 2017, the Autonomous Friuli Venezia Giulia (FVG) 
Region and the Department of Agricultural, Food and Ani-
mal Sciences of the University of Udine (UniUd-DI4A) 
signed a collaboration agreement (regional legislation 
31/2017) to carry out scientific work regarding wildlife 
recovery and surveillance. The wildlife vertebrates included 
within this agreement were only debilitated and/or compro-
mised or dead or selectively culled animals.

The scientific activity in the collaboration agreement 
included both support and consulting for the Regional For-
estry Service and the Wildlife Rescue Centers (CRASs), and 
the design of a novel information-database system to organ-
ize data gathered during the course of the project. The DI4A 
developed a progressive web application (PWA), character-
ized by a WebDatabase and a WebGIS system, through the 
utilization of different open source software, and named it 
InfoFaunaFVG. The objectives of the present study are to 
describe the development and application of InfoFaunaFVG 
PWA, and to illustrate its recent use for wildlife surveillance 
on a regional level.

Material and methods

Development of the information system: 
InfoFaunaFVG

The information (IT) structure InfoFaunaFVG is essentially 
based on a server “Debian GNU/Linux” (https:// www. debian. 
org/), a web server “Apache HTTP Server’’ (https:// httpd. 

https://idfg.idaho.gov/species/roadkill
https://i90wildlifewatch.org/
http://waarnemingen.be
https://roadkill.tw
https://www.debian.org/
https://www.debian.org/
https://httpd.apache.org/


European Journal of Wildlife Research (2023) 69:38 

1 3

Page 3 of 14 38

apache. org/), a relational database management system “Ora-
cle MySQL’’ (https:// www. mysql. com/), a PHP framework 
for web application “Symfony ™” (https:// symfo ny. com/), a 
servlet container “Apache Tomcat” (https:// tomcat. apache. 
org/), an open source server for sharing geospatial data “Geo-
Server” (https:// geose rver. org/), an high-performance and 
feature-packed library for displaying interactive maps on the 
web “OpenLayers” (https:// openl ayers. org/) and finally an 
Open Source WebGIS framework called “MapStore” (https:// 
mapst ore. readt hedocs. io/). A schematic representation of the 
Web Application Architecture is illustrated in Fig. 1.

“Oracle MySQL” is the chosen relational database man-
agement system (RDBMS). This is one of the most used and 
widespread Database Management Systems, thanks to its 
solidity, scalability and the potential data management from 
different web applications.

The PHP framework “Symfony” allows to develop 
web information systems based on a classic three levels 
MVC pattern: the model, the view and the controller. The 
MVC architecture separates the model and the view and is 
designed to optimize modularity, code reuse, scalability and 
to be easy to maintain. “Symfony” makes possible the inte-
gration of several bundles in order to extend its functions. As 
an example, FOSUserBundle is able to set up a very flexible 
and detailed system for client’s management.

Geolocalisation features were managed through the “Apache 
Tomcat” servlet container and its relative web server “Geo-
Server”. This server allows both direct connection to the data-
base and to manage topographic data, particularly Web Fea-
ture Service—Transactional (WFS-T) and Web Map Service 
(WMS). These services have been integrated inside the web app 
through OpenLayers (a Geospatial JavaScript Library).

Mapstore has been used in order to seek, query and visu-
alize spatial data as it offers all the features of a “Geo-portal” 

system, and it makes all data published through WFS and 
WMS available on the web within a flexible and personal-
ized interface.

Furthermore, the georeferencing accuracy is recorded auto-
matically by the GPS device or can be estimated by the user 
(under the field “coordinateUncertaintyInMetersProperty” — 
see Fig. 6, Appendix).

To improve user experience, especially when using 
the mobile devices, the web app has been designed to be a 
hybrid between a web and native mobile application; it is 
fully responsive, and the content visualization is optimized 
depending upon the type of users’ device. InfoFaunaFVG can 
be installed in any mobile device through PWA principles. A 
progressive web application (PWA) is a browser-based appli-
cation that has become an alternative to a native mobile app, 
built using common web technologies including HTML, CSS, 
and JavaScript. While native apps are created to run on mobile 
devices, PWAs are designed to run inside a web browser. They 
are intended to work on any platform with a standard’s com-
pliant browser, including desktop and mobile devices. Devel-
opers can simply publish the web application online, ensure 
that it meets baseline installation requirements, and users will 
be able to add the application to their home screen.

Traditional functions of management software were devel-
oped for this project: create, read, update, and delete (CRUD) 
operations, perform batch operations, create dynamic reports 
and filters and export data in Open Document format through 
dynamic reports.

Access to InfoFaunaFVG

The access to the web application is possible, upon authen-
tication, through a web browser or by installing the PWA on 
the computer or mobile devices. In order to define detailed 

Fig. 1  Schematic representa-
tion of the Web Application 
Architecture. InfoFaunaFVG is 
made of a Web Database and 
an integrated WebGIS system. 
In particular, the following 
open source softwares are used: 
Apache HTTP Server, Oracle 
MySQL, Symfony, Apache 
Tomcat, GeoServer, OpenLayers

https://httpd.apache.org/
https://www.mysql.com/
https://symfony.com/
https://tomcat.apache.org/
https://tomcat.apache.org/
https://geoserver.org/
https://openlayers.org/
https://mapstore.readthedocs.io/
https://mapstore.readthedocs.io/
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user profiles, and fulfill General Data Protection Regulation 
(GDPR), different levels of use are assigned to each user, 
depending on their operational level.

The main users’ profiles and a description of their opera-
tional level are listed hierarchically here:

1. Super administrator: able to visualize, enter and modify 
any type of data input (University of Udine and Friuli 
Venezia Giulia Regional authorities).

2. Local Administrator: able to visualize, enter and modify 
any type of data input within the territory of competence 
(Inspectorates).

3. Local user: able to visualize all data within the territory 
of competence, to enter and modify its own data input 
(National forestry services, Wildlife Rescue Centers 
(“Centri di recupero di Animali Selvatici’’- CRAS), Ital-
ian health authority and research organization for animal 
health and food safety (Istituto Zooprofilattico- IZS).

4. Basic user: able to visualize, enter and modify only its 
own data input (third party contractors involved in ani-
mal rescue activity recognized by regional authorities).

InfoFaunaFVG has built in both a notification system, to 
send communications to every user at any level, and a log 
system, able to trace all the data input changes.

Workflow diagram [Entity Relationship Diagram (ERD)]

The classification of the information within the database is 
based on a relational model that organizes data through tables, 
rows and columns, as shown in Workflow diagram Fig. 2.

To be able to use a common language for possible future 
data sharing, InfoFaunaFVG uses classes and terms defined by 
Darwin Core (Wieczorek et al. 2012). The Appendix describes 
all the occurrence datasets provided by InfoFaunaFVG.

Fig. 2  Entity-Relationship (ER) diagram: graphical representation illus-
trating the simplified database structure through entities (light blue), rela-
tionships (yellow) and attributes (light green). Roles and permissions for 

observers are defined by the site administrators and described in detail in 
the manuscript
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The data input is entered into the system by using the 
“report section” (“scheda segnalazione”), which contains a 
detailed set of information including an unique identifica-
tion code (occurrenceID/ recordNumber), type of individ-
ual record (dynamicProperties), date and time of the event 
(eventDate and eventTime), details of the user reporting the 
case (recordedBy), geolocalization (decimalLatitude, deci-
malLongitude, geodeticDatum), any video or photographic 
material, and documentation available through attachments 
(associatedMedia). The localization data can be recorded 
directly through mobile device GPS or by the WebGIS 
CRUD tools or specific geographic coordinates or addresses 
(Geocoding API) (see Appendix – Fig. 6 for more details).

At this stage of the project, basisOfRecords are all 
“human observations”. Further datasets are reported and 
described in details in the Appendix.

The “intervention request” (“Richiesta Intervento”) is the 
link between the “report section” and “intervention section”. 
Depending upon the type of intervention requested, the “inter-
vention section” leads to the “rescue center section” (“scheda 
CRAS”), if live animals are rescued, otherwise the “necropsy 
section” can be accessed when protected dead animals are found.

Outcome of dead or selectively culled animals, not undergo-
ing necropsy, can be entered directly in the “Result” section .

The “rescue center section” includes details about the 
characteristics of the center and hospitalization details (clini-
cal data, veterinary assessments and treatment and follow 
up details). The “necropsy section” includes details about 
post-mortem examination, samples taken and their results.

Finally, the “result section” (“esito”) ends the process 
regardless of the outcome, and allows the user to understand 
the results of all the actions taken since the animal was found.

This type of workflow (illustrated in Fig. 2) can optimize 
traceability of input data from “report section” to “result 
section” in any direction. Furthermore, its solid structure 
and standard parameters through which data are inserted, 
allow the user to extrapolate information efficiently in a 
short period of time.

Appendix summarizes InfoFaunaFVG structure and 
scopes, and explains step by step the workflow by showing 
the user interfaces.

Results

In the present study, we analyzed all records from the 
InfoFaunaFVG database relative to wildlife observed on a 
regional level (Friuli Venezia Giulia), from November 2019 
to April 2022. Main data are illustrated in Table n.1. A total 
of 40,175 records through the “report section” were entered 
as “human observation”. Among them, 32,176 are georefer-
enced data and a total 6014 were entered with attachments 
such as pictures and or videos. Georeferenced data and their 

specific distribution are illustrated in Fig. 3. The total record 
input inside InfoFaunaFVG was 4013 in 2019 (from Novem-
ber), 15,397 in 2020, 17,138 in 2021 and 3627 in 2022 (up 
to April), respectively. The users involved in the data input 
were 28 different national forestry centers (21,185 records), 
6 different rescue centers (5681), 4 different third-party 
companies involved in wildlife rescue activity (9634 input 
data), Friuli Venezia Giulia (Region) 3555. IZS visualized 
468 records from April 2021.

Among all species recorded, mammals were 40% 
(16,018), whereas avians represented 59% (23,741) and oth-
ers (Reptiles and amphibians) were 1% (416).

The wildlife species reported to be selectively culled 
were 42% (16,732), 17% (7829) were found dead and 39% 
(15,614) were rescued alive.

The records of animals found dead were 1035 in 2019, 
2252 in 2020, 3282 in 2021 and 1260 in 2022, respectively. 
Live animals rescued were 1412 in 2019, 5826 in 2020, 7158 
in 2021 and 1218 in 2022, respectively. Animals selectively 
culled were 1576 in 2019, 7309 in 2020, 6690 in 2021 and 
1157 in 2022.

Figure 4 illustrates the details of records per month. Live 
wildlife animals were rescued mostly during April to August 
months with an evident peak in June (1230 in 2020 and 
1639 in 2021), and lowest number in March 2020 (136) and 
February 171 (2021); the mean value of animals rescued per 
month was 485 in 2020 and 596 in 2021. The mean values of 
dead animals per month are 187 for 2020, and 273 for 2021.

The “rescue center” section records were 12,848 in total; 
from March 2022, 71 hospital sheets with details of thera-
pies were registered.

Animals reintroduced in a natural environment were 61% 
of the total of records from rescue centers. Animals died at 
rescue centers in 31.5% of cases, whereas euthanasia was 
performed in 5% of cases. Animals still present in CRASs 
centers were 2.5% of the total.

From November 2020, a total of 104 necropsies were 
performed by veterinarians at the University of Udine in 
collaboration with IZS institute. The species subjected to 
post-mortem examination are reported in Table 1. Roadkills 
were the cause of death in about 92% of these cases, whereas 
poisoning was determined to be the most likely cause of 
death in about 5% of cases.

A detailed description of necroscopies and related post-
mortem analysis is outside the scope of the present manu-
script, and will be the subject of further studies.

The mammals belonged to 51 species. Coypu (Myocas-
tor coypus) (4574, 27,8%), Roe deer (Capreolus capreolus) 
(3953, 24,6%), Wild boar (Sus scrofa) (1731, 10,7%), Red 
foxes (Vulpes vulpes) (1363, 8,4%) and hedgehog (Erinaceus 
europaeus and Erinaceus concolor) (1018, 6.3%) are the 
most frequent ones. Among the dead mammals recorded, 
Roe deer (Capreolus capreolus) (3953, 24.6%), Red foxes 
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(Vulpes vulpes) (1361, 8.4%) and hedgehog (Erinaceus sp.) 
(1018, 6.3%) were the most common ones, whereas Coypu 
(4471, 81.5%), Wild boar (Sus scrofa) (945, 17.2%) and 
European hare (Lepus europaeus Pallas) (64, 1.1%) were 
the most commonly culled mammals.

Rescued live mammals were 3707 in total: 743 (20%) were 
in poor health general conditions, 515 (13.8%) were rescued 
for presumptive lack of parental care, 504 (13.5%) were 
involved in road traffic accidents, 295 (7.9%) were wounded, 
and trapped animals were 226 (6%).

Regarding avian species, 175 different species were 
recorded in total, being Feral pigeons (Columba livia domes-
tica) (12,783, 53.8%), Yellow-legged gull (Larus michaellis) 
(1326, 10.5%), Common blackbird (Turdus merula) (1110, 
8.8%), Common swift (Apus apus) (1084, 8.6%) and Hooded 
crow (Corvus cornix) (773 5.8%) the most common 5 ones 
(representing 87.5% of the total). Species more commonly 
found dead were Feral pigeons (Columba livia domestica) 
with 222 cases (28%), Yellow-legged gull (Larus michaellis) 
(82 cases, 10.8%), Common pheasant (Phasianus colchicus) 
(55 cases, 6.9%), Common buzzard (Buteo buteo) (34 cases, 
4.2%) and Mallard (Anas platyrhynchos) (34 cases, 4.2%).

Feral pigeons (Columba livia domestica) (11,076, 
98.4%), Cormorant (Phalacrocorax carbo) (76, 0.67%) and 
Hooded crow (Corvus cornix) (39, 0.34%) were the avian 
species had undergone most commonly to selective culling.

Reasons for rescuing live avian species were recorded in 
12,658 cases. In these cases, where appropriate, more than 
one suspected reason could be recorded. Presumptive lack of 
parental care was entered in 1976 (15.6%) cases, poor health 
status in 1886 (14.8%) of cases, wounded or traumatized 
birds were 1649 (13%), suspected nest falling was recorded 
in 1599 (12.6%) cases, being unable to fly in 1276 (10%) 
cases and trapped in 697 (5.5%) of cases, respectively.

Apart from wildlife selective culling (11,249 avian and 
5483 mammals), roadkills were the main cause of death both 
for mammals (4512) and avian species (226). Animals found 
dead for apparent unknown causes were 1094 in mammals, 
approximately 16.1% of the total of deaths and 225 in avian 
species (36.8% of the total deaths). Predation accounted for 
207 cases in mammals and 51 in avian species. Mammals 
found dead in waterways and artificial water canals were 245. 
Railway accidents were the cause of 63 deaths in mammalian 
wildlife (0.9%) and only 1 case in avian species (0.1%).

Table 1  Main data of dead 
selectively culled and rescued 
wildlife divided per species 
observed on a regional level 
(Friuli Venezia Giulia) from 
November 2019 to April 2022. 
Specific species that underwent 
necropsies are reported as well

Mammals Avians Total

Species 51 (23%) 175 (77%) 226
Dead wildlife 7005 (89%)

Roe deer (3002)
Red fox (1204)
European badger (679)
Deer (674)
Wild boar (633)

796 (10%)
Feral pigeon (222)
Yellow-legged gull (82)
Common pheasant (55)
Common buzzard (34)
Mallard (34)

7829 (19%)

Selectively culled 5483 (33%)
Coypu (4471)
Wild boar (945)
European hare (64)
Red fox (2)
Eastern gray squirrel (1)

11,249 (67%)
Feral pigeon (11,076)
Cormorant (76)
Hooded crow (39)
Yellow-legged gull (3)
Carrion crow (1)

16,732 (42%)

Rescued wildlife 3530 (23%)
Hedgehog (981)
Roe deer (951)
European hare (398)
Bat (378)
Deer (184)

11,696 (75%)
Feral pigeon (1487)
Yellow-legged gull (1237)
Common blackbird (1087)
Common swift (1083)
Hooded crow (712)

15,614 (39%)

      Rescue center (section) 2315 (18%)
Hedgehog (935)
Roe deer (383)
Bat (347)
European hare (319)
Red fox (73)

10,228 (80%)
Feral pigeon (1301)
Common swift (1035)
Common blackbird (1030)
Yellow-legged gull (700)
Hooded crow (632)

12,848

      Hospitalization records 31 36 71
Necropsy 99 (94%)

Golden jackal (47)
European wildcat (39)
Grey wolf (6)
Otter (2)
European badger (2)

5 (6%)
Griffon vulture (2)
Eurasian eagle-owl (2)

104
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Non-native species recorded were the Coypu with 4471 
cases selectively culled, 86 found dead and 17 cases rescued 
alive, and the Eastern gray squirrel (Sciurus carolinensis) 
with 5 cases rescued alive and 1 case selectively culled. 
Euthanasia was performed in CRAS centers on all non-
native species rescued.

Finally, 198 (0.49% of all records) taxonomical inaccura-
cies, which were both found and amended by the coordina-
tion center (UniUd- DI4A) at “rescue center section” and 
“necropsy section” levels. Among these, 186 (93.9%) cases 
regarded avian species and 12 (6.1%) were mammals.

Discussion

The development and application of a PWA for wildlife man-
agement and surveillance on a regional level named Info-
FaunaFVG is described here. From the results of the present 
study, it seems evident that, to date (April 2022), this project 
has proven to be successful gathering about 40 k records; 

the database has been regularly used by approximately 300 
different users, including veterinarians, forestry guards, 
veterinary technicians and specialized personnel in animal 
rescue belonging to 16 different institutions. The users were 
all specifically trained to use the PWA proficiently, and they 
were supported by a central coordination/patrol team at the 
University of Udine. In contrast with volunteer/citizen-based 
projects, InfoFaunaFVG was designed to be used solely on 
an institutional level. To the authors’ knowledge, it is the first 
example of a European standardized institutional wildlife data 
repository system reported in literature. At the present stage of 
the project, only data from debilitated and/or compromised or 
dead or selectively culled animals were included.

The idea of developing a PWA was born out of the need 
of using web-based functions and, at the same time, ensur-
ing the most intuitive and smooth use in every device. From 
a technical point of view, InfoFaunaFVG has proven to be 
compatible with all device systems where it was installed 
and used, even though iOS does not support native push 
notifications and background sync for offline use. Most 

Fig. 3  Distribution of georeferenced data extrapolated from InfoFau-
naFVG within Friuli Venezia Giulia Region (red area in the center). 
Selectively culled animals (a, red dots), animals found dead (b, black 

dots) and rescued animals (c, green dots) are represented here. Road-
kills and animals found dead in artificial water canals are reported 
within the bottom right picture (d, orange and blue dots respectively)
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Fig. 4  Details of records of wildlife deaths and rescued animals per month. Wildlife animals were rescued alive mostly during April to August 
months with an evident peak in June (1230 in 2020 and 1639 in 2021) and lowest number in March 2020 (136) and February 171 (2021)
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common requests for technical support were regarding accu-
racy of georeferenced data, and about adapting system func-
tionalities to the need of single institutions, such as printing 
of personalized reports and labels.

The common challenges that wildlife data repository sys-
tems face regard data accuracy, consistency and traceability 
(Olson et al. 2014; Shilling et al. 2015; Ratnieks et al. 2016; 
Waetje and Shilling 2017; Duffy 2020).

Only in limited studies, volunteer-based projects have 
shown to produce comparable quality data to institutional 
researchers (Ryder et al. 2010; Kremen et al. 2011; Ratnieks 
et al. 2016, Waetje and Shilling 2017). When compared with 
other volunteer-based systems, where the accuracy of data 
are evaluated by the same users or in a subset of photographs 
(Waetje and Shilling 2017), InfoFaunaFVG seems superior 
in terms of observations accuracy, especially from a taxo-
nomical point of view. Since November 2019, 226 wildlife 
animals have been reported at a species level with an accu-
racy of 99.51%. Most taxonomical mistakes involved the 
recognition of avian species, which seem to present the most 
variability (175 versus 51 mammals species) and challenges 
(especially passerines that made 67% of total inaccuracies). 
Among mammals, Chiroptera represented the most com-
mon source of taxonomical inaccuracies (12 out of 19). We 
believe that InfoFaunaFVG has overcome the problem of 
data accuracy by its intrinsic section-based structure, and 
the fact that users were all trained wildlife professionals. 
Specific training was aimed to make all users proficient 
with the PWA use and its terminology within Darwin core 
standards: this has been certainly labor intensive and time 
consuming, considering the large number of professionals 
involved. In the future, the use of remote training materi-
als, such as video and pre-recorded remote presentations, 
would be helpful, especially when several training sessions 
are needed and new functions are added to the PWA. The 
section-based structure of InfoFaunaFVG made it possible to 
trace, control and confirm records at different levels. As an 
example, once report and intervention sections are entered, 
these must flow through a rescue center section, necropsy 
section or directly to the result section, where the details of 
each animal are verified and confirmed (Fig. 2).

Compared to recent database systems, where a maximum 
of 13% of observations contained photographs (Waetje and 
Shilling 2017), here about 15% of data were combined with 
pictures and videos. The amount of supplementary mate-
rial increased considerably from November 2019 to 2022 
thanks to training and increased users' confidence with Info-
FaunaFVG’s functions. However, this will certainly need 
improvement in the future.

Localization accuracy was ensured by the georeferencing 
system, which located 80% of records through geographic 
coordinates. InfoFaunaFVG used a combination of GPS-
enabled smartphones and confirmation using online maps as 

recently suggested in literature (Waetje and Shilling 2017); 
unfortunately, even though GPS satellites broadcast their 
signals in space with a certain accuracy, the quality of the 
georeferentiation depends on additional factors, including 
atmospheric conditions, satellite geometry, receiver design 
features/quality and signal blockage. In the remaining 20% 
of data, the municipal area was identified.

Data consistency and traceability were possible through 
regular data quality checks performed by the centralized 
coordination/patrol team at the University of Udine. Con-
sistency is ensured using parameterized data through drop-
down menus and the use of Darwin Core terms and classes; 
this can help to avoid redundancy of observations and inap-
propriate terminology. Traceability appears to be particu-
larly important in cases of wildlife affected by dangerous 
diseases with serious zoonotic or epidemic potential (OIE 
2010). Considering that wildlife monitoring across broad 
taxonomies is seldom carried out at the European and US 
scale (Waetje and Shilling 2017), InfoFaunaFVG can be a 
powerful tool to prevent and detect emerging disease in their 
early stages and survey and monitor existing ones. This can 
promote timely decisions and responses from governance 
structures. In our case, traceability is ensured, both for live 
rescued and dead animals, through all phases of intervention. 
This is true from rescuing to rehabilitation and reintroduc-
tion to natural environment, and for necropsy and related 
diagnostic analysis. When using InfoFaunaFVG, traceability 
is always possible anytime as every section is linked one to 
another so can be viewed retrospectively.

Another quality of InfoFaunaFVG is to enable institutions 
to estimate costs related to wildlife management. The majority 
of the studies in literature calculate losses from carnivore pre-
dation on livestock or damage to crops, while a few consider 
dispersal of diseases and the cost of traffic collisions (Gren 
et al. 2018). The database described here has the potential to 
bring all these factors together, and produce realistic and com-
plex estimations of the total costs related to human-wildlife 
coexistence. Eventually, monthly data of animal deaths and 
rescues can help regional institutions to predict and focus 
their efforts in particular times of the year (for example June 
months in FVG region for rescuing alive animals).

Records from dead animals highlight the importance of 
roadkills as a main cause of death in wildlife species. This 
is a common finding and has been extensively studied and 
reported in literature (Olson et al. 2014; Shilling et al. 2015; 
Waetje and Shilling 2017). On the other hand, animals found 
dead in artificial water canals are rarely, but increasingly 
reported (Peris and Morales 2004). The data reported here 
may lead to further specific studies, and will help in devel-
oping mitigation strategies both for wildlife-vehicle collision 
hotspots and for impact of artificial hydraulic infrastructure 
on terrestrial mammals. Furthermore, 92% of necropsies 
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on protected species (recognized by Italian legislation 
157/1992) were also compatible with roadkills.

The essential role of rescue centers is evident from the 
results presented in this study. Records from CRAS were 
31.2% of the total. The rescue center sections were entered 
for avian species in 80% of admissions and for mammals in 
18% of cases. These data seem similar to what is observed 
in literature (Kirkwood 2003). It is evident here that CRASs 
play key roles in animal welfare, supporting law enforce-
ment, raising awareness, and nature conservation, and biodi-
versity. Thanks to the support of InfoFaunaFVG, individual 
animals’ history can be followed from rescue to possible 
reintroduction to the natural habitat (in 61% of the cases). 
Hospital records were 71, but this section was implemented 
only from March 2022, thus has the potential to collect a 
much larger number of data in the next future. The authors 
did not describe details of these data here, as it is outside the 
scope of the present manuscript, and will be the subject of 
future studies. The additional sections regarding hospitalisa-
tion, clinical data and treatment will allow veterinarians to 
improve the quality of the triage, and have a comprehensive 
knowledge about each wildlife patient, knowing its history 
from rescue activity (Mullineaux 2014).

Furthermore, InfoFaunaFVG made it possible to recog-
nize non-native species (for example Coypu and Eastern 
gray squirrel), which can be extremely important to under-
stand regional biodiversity and potential emerging risks for 
native species survival.

In conclusion, during the first 2 years and a half of its 
use, InfoFaunaFVG allowed the achievement of several 
objectives including the recording of consistent, accurate 
and traceable data regarding wildlife, the optimization of 
regional investment, and resources and improvement of 
regional wildlife knowledge. In this regard, the data can be 
used to define trends and species distributions, non-native 
species invasions, novel animal behavioral patterns and the 
recognition of ‘animal sentinels’, which can be used for 
monitoring of environmental contaminants and diseases 
(Schwartz et al. 2020). Here we describe data, which can be 
used for longterm studies, and can have an impact on spe-
cific regional or even national projects, such as improvement 
of transportation systems to reduce impacts of wildlife and 
culling regional programmes, to optimize public resources. 
Given the results of the first 2 years of its use, we conclude 
that InfoFaunaFVG has the potential to become the largest 
data repository for wildlife monitoring and surveillance in 
Italy. The application of such integrated information systems 
on a larger scale at a national level is auspicable to best 
coordinate and design sustainable management plans and 
policy instruments to improve human-wildlife coexistence.

Appendix. Synopsis of InfoFaunaFVG

InfoFaunaFVG and its scopes

• What is InfoFaunaFVG?
  It is a data repository system based on a novel PWA 

developed at the University of Udine (Department DI4A) 
in collaboration with regional and local authorities 
appointed to monitor, rescue, and to provide veterinary 
care to debilitated and/or compromised or dead or selec-
tively culled wildlife species. InfoFaunaFVG adheres to 
Darwin Core set of terms and classes to standardize the 
data recorded in the system.

The following Darwin Core occurrence data are included: 
occurrenceID/ recordNumber, dynamicProperties, basisOf-
Record, scientificName, eventDate, eventTime, fieldNotes, 
decimalLatitude, decimalLongitude, geodeticDatum, organ-
ism Quantity, organismQuantityType, Sex, Age, lifeStage, 
coordinateUncertaintyInMeters, individualCount, event-
Time, and associatedMedia, recordedBy.

• What is the goal of InfoFaunaFVG?
  The scopes of this database are:

– To facilitate and give a scientific support to wildlife 
monitoring and surveillance in Friuli Venezia Giulia, 
by providing high quality consistent, accurate and 
traceable data.

– To guide evidence-based decisions with the aim of 
reducing wildlife health risk and improve wildlife 
governance.

– To better understand the influence of human activi-
ties on changes in distribution patterns and the pres-
ence of introduced or invasive species.

– To monitor transmissible diseases from wild animals 
to livestock and humans.

How InfoFaunaFVG works

InfoFaunaFVG is used only at institutional level and data 
are not shared publicly at this stage. Therefore, only local 
wildlife institutions and centres recognized and licensed 
by regional authorities can use InfoFaunaFVG. These 
insitutions are Inspectorates, National forestry services, 
Wildlife Rescue Centers (“Centri di recupero di Animali 
Selvatici’’- CRAS), Italian health authority and research 
organizations for animal health and food safety (Istituto 
Zooprofilattico—IZS). Third party contractors involved 
in animal rescue activity and recognized by regional 
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authorities can use the system as well. InfoFaunaFVG has 
been structured hierarchically: each user is assigned a level 
of use, based on their operational needs and role.

At this stage of the project, all occurrence events are 
based on “human observations’’. In the event of a wildlife 
animal’s observation, users can open a “report section’’. 

Fig. 5  “Report Section’’ and its data sets fields; this is the initial page where the user can start recording the occurrence event

Fig. 6  “Georeference’’ options within the “Report Section’’
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Figure 5 shows dataset fields for reporting the occurrence 
event. From this section, multimedia data, such as video 
or pics, can be added to the report.

After the report section is completed, the users can geo-
reference the occurrence event (Fig. 6).

Essentially, the user can: use the GPS, geocode, and/
or use the WebGIS CRUD tool to point the location of the 
observation on the map.

At this point, the user can proceed with further sections 
of InfoFaunaFVG, depending if the wildlife animal is dead 
or alive (debilitated or compromised). If alive, the wildlife 
can be transferred to a rescue centre (the users will then 
open the “rescue section’’ – Fig. 7). Outcome of dead or 
selectively culled animals, not undergoing necropsy, can be 
entered directly in the result section (Fig. 9).

For dead protected wildlife (listed in the Italian regulation 
157/1992), the user can access to “necropsy section’’ (Fig. 8) 
if the dead animal is going through post-mortem examination.

Regardless the outcome, the user will finalize the record 
by filling in the result section (Fig. 9).

How InfoFaunaFVG data recorded are stored 
and shared

At this stage of the project the data are, available on demand 
through https:// web. infof aunaf vg. com/ richi esta_ acces so_ dati. pdf.

UniUd-DI4A intends to request endorsement from the 
Global Biodiversity Information Facility (GBIF) commu-
nity to make this data widely available. Regional authorities 
evaluated positively the intention to request endorsement 
from Global Biodiversity Information Facility (GBIF) com-
munity to make this data widely available.

The authors are pleased to communicate that InfoFauna 
FVG was officially endorsed by GBIF and at the time of 
publication of this manuscript 22272 were already shared 
within the platform.

Fig. 7  “Rescue center sec-
tion’’. Within this section, the 
animal can be registered when 
transferred to rescue centers. By 
selecting different tabs on top of 
the screen, the user can record 
details of the clinical examina-
tion and hospitalization

Fig. 8  Registration tab within “Necropsy section’’; selecting the tabs on top of the screen, the user can record biometric (“biometrics’’), video or 
pictures or details of the necropsy (“organs’’). A summary of gross examination and diagnosis can be recorded in the registration page

https://web.infofaunafvg.com/richiesta_accesso_dati.pdf
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GBIF (https:// www. gbif. org) is an international network 
and a research foundation funded by governments around the 
world and aimed at providing anyone, anywhere open access 
to data about all types of life on the Earth.

We strongly believe this could be advantageous so 
researchers can work together on related tasks with a com-
mon goal on a global level.
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