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Abstract

With the advance of urbanisation and the challenges associated with the process of
documenting new species, biodiversity is increasingly threatened, especially in urban
areas, where species are more exposed to the negative effects of landscape transfor-
mation. In this context, databases are fundamental tools for documenting, monitoring
and conserving biological diversity. Within this scope, UrbanAnts was developed as a
web application designed to centralise information on ant diversity and occurrences in
urban environments. The platform was created using the Shiny framework, built on the
R programming language and integrated with a relational SQLite database. UrbanAnts
improves accessibility and streamlines data exploration, enabling users to efficiently
retrieve and analyse information. In addition, it serves as a tool that highlights the im-
portance of conserving the diversity of ant fauna in urban environments. This database
is accessible to the public through the dissemination of knowledge and the encourage-
ment of participation, allowing contributions from both professionals who study ants
and members of the general public interested in collaborating through citizen science.

Key words: Anthropogenic habitat ecology, biodiversity, biological data repository,
data-driven conservation, Formicidae, fauna monitoring, species occurrence records

Introduction

Natural ecosystems are increasingly being impacted by climate change, habi-
tat fragmentation and degradation, pollution of soil, water and air and the over-
exploitation of natural resources (Jaureguiberry et al. 2022; Montras-Janer et
al. 2024). These impacts are further exacerbated by the introduction of exotic
species and the intensification of land use, compromising ecosystem services
(Daskalova et al. 2020; Adla et al. 2022; Pereira et al. 2024). As anthropogenic
processes intensify, monitoring biodiversity becomes increasingly challenging
(IPBES 2019). This scenario is particularly concerning because a significant por-
tion of global biodiversity remains unknown (Anthony et al. 2023), with many
species at risk of disappearing before they are discovered and described, result-
ing in irreversible losses to both science and ecosystems (Borgelt et al. 2022).
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Thus, integrating knowledge about the biodiversity of these environments is es-
sential to support actions that ensure a sustainable future (Heberling et al. 2021).

The ability to identify and recognise the species within a local community
or region plays a vital role in addressing the challenges of biodiversity loss
(Godfray et al. 2004). By increasing public knowledge of species, we can foster
broader recognition of nature’s importance, raise awareness of threats posed
by human activities and promote the adoption of conservation strategies
(Knapp et al. 2021). Understanding the distribution and diversity of organisms
depends on the availability of large, standardised, robust and comprehensive
biological datasets. In this regard, databases serve as key tools for species
documentation and conservation (Porter 2000; Baxevanis and Bateman 2015).
However, the challenges are immense, as biological information is often un-
available or fragmented across multiple datasets, making it difficult to compile
and compare trait information between different groups.

Over the years, researchers have gathered extensive information on ant diversi-
ty, resulting in hundreds or even thousands of records for various species across
different ecosystems, although these records are not always stored in databases
(Feitosa et al. 2022; Schmidt et al. 2022). In the case of ant fauna, information
can be found in several sources, including: (I) the Global Ant Biodiversity Infor-
matics (GABI) Project, a global database of ant species distribution records linked
to (Guénard et al. 2012); (Il) GlobalAnts ( ),
which compiles data on functional characteristics with associated set-level geo-
referenced data (abundance and/or occupancy) of ant specimens (Parr et al.
2017); (1) AntWeb ( ), the largest online database of high-resolu-
tion images and specimen records; (IV) AntCat (Bolton (2025): ),
a comprehensive catalogue and bibliography of ant taxonomy worldwide; and (V)
the Atlantic Ants dataset (Silva et al. 2022), which presents the diversity of ants in
the Atlantic Forest in an extensive, validated and georeferenced dataset.

A gap remains in knowledge about the diversity of ants in urban environ-
ments, particularly those that co-exist with humans, inhabiting both the interi-
ors of buildings and their surrounding areas, even with the availability of these
databases. Urban ants are closely associated with humans and are commonly
characterised as unicolonial and polygynous, possessing long-lived queens
that, in most cases, forego nuptial flights (Passera 1994). In addition, their
nests are poorly structured and the workers are small [e.qg. little fire ant, Was-
mannia auropunctata (Roger, 1863); longhorn crazy ant, Paratrechina longicor-
nis (Latreille, 1802); and Argentine ant, Linepithema humile (Mayr, 1868)], with
high interspecific aggressiveness and migratory tendencies (Passera 1994;
Bueno et al. 2017; Campos et al. 2017). However, species that do not have
these characteristics are also found in urban environments, such as native spe-
cies that use urban green areas as refuges due to changes in their natural hab-
itats and exotic species that disperse and establish themselves in these areas
driven by urbanisation (Bueno et al. 2017; Trigos-Peral and Reyes-Lépez 2025).

In this study, we present UrbanAnts, a database developed using the Shiny
framework, aimed at guiding the recording of ant species occurrences in urban
environments. The objectives are to: (I) integrate and compile data on ants occur-
ring in urban environments, unifying existing and newly-collected records into a
single validated source of information; (I1) encourage the active participation of
researchers in data collection and validation, as well as public engagement and
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inclusion through citizen science; (l1l) develop a standardised and user-friendly
protocol for data submission; (IV) raise awareness about the ecological impor-
tance of ants in urban environments, promoting their use as a tool for public
policies related to conservation, sustainable management and environmental
education; and (V) establish mechanisms for the continuous updating and ex-
pansion of the database, ensuring its longevity and relevance for the future.

Introduction to the database and its user interface

UrbanAnts (https://urbanants.shinyapps.io/UrbanAnts/) was developed us-
ing Shiny (Chang et al. 2024; version 1.10.0), an R-language framework (Posit
Team 2024; version 12.0.467) for building web applications. Both the platform
and its content are openly accessible to users. Its main objective is to provide,
simply and intuitively, a comprehensive database on ant diversity in urban envi-
ronments. The database consists of a structured collection of data, organised
and managed through a specific database management system (DBMS). In
this implementation, the data are stored in an SQLite relational database, which
ensures efficient retrieval, querying and maintenance.

With optimised features, the UrbanAnts platform allows users to explore in-
formation, view details and access specific content, such as records of species
in urban environments, books and articles on the subject, data on project col-
laborators and relevant news and events.

The application is open access under a Creative Commons Attribution
licence (CC BY 4.0, hitps://creativecommons.org/licenses/by/4.0), allowing
anyone to use and distribute data collected on UrbanAnts, provided that the
database and contributing datasets are properly cited.

The web app follows a panel-based design consisting of a header, a sidebar
menu and the main page (Fig. 1). The panel header is located at the top of
the interface and displays the app’s name (UrbanAnts) and logo, along with a
side menu. The sidebar menu, positioned on the left, enables easy navigation
through all available features.

UrbanAnts functionalities

Currently, UrbanAnts is available in Brazilian Portuguese, facilitating the dis-
semination of content to the citizen-science community in Brazil. This choice
ensures that local volunteers, students and researchers can easily access and
engage with the information.

Nonetheless, we aim to develop a bilingual version (Portuguese—English)
of the platform to broaden its reach and improve accessibility for interna-
tional researchers and collaborators. Users can employ automatic transla-
tion tools provided by modern web browsers (such as Google Chrome or
Microsoft Edge) to view the content in their preferred language, while the
bilingual interface is still under development.

The app’s features are displayed in the side menu (Fig. 2). The P&gina Inicial
[Home Page] provides an overview of the application’s purpose and available
functionalities. The Mapas das Areas [Area Map] feature enables users to ex-
plore the geographic locations of each area on the map, where the database
contains records of ant species.
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Bem Vindo ao UrbanAnts! C

0 UrbanAnts nasceu de uma pesquisa de doutorado conduzida por Débora Cristina de Oliveira Gongalves, intitulada ‘Biotecnologia aplicada a
formigas urbanas: O Papel das Comunidades de Formigas na Satde dos Ecossistemas’. O projeto foi desenvolvido com o objetivo de estudar e
compreender a diversidade das formigas em ambientes urbanos.Com base nos resultados deste estudo, nasceu o UrbanAnts, uma iniciativa dedicada
a investigar a diversidade de formigas urbanas. O projeto culminou com um banco de dados abrangente sobre as diversas espécies registradas em
areas urbanas do Brasil.

Nosso principal objetivo é expandir continuamente esse banco de dados, coletando informagdes de todo o territério nacional. Com o tempo, a ideia é
tornar essa base global, permitindo a inclusdo de dados de diversas partes do mundo e, assim, enriquecer o conhecimento sobre as formigas em
ambientes urbanos.

Promovendo a colaboragao cientifica, buscamos integrar contribuicoes de projetos e locais distintos em uma unica plataforma, facilitando o acesso a
dados essenciais sobre as formigas urbanas. A iniciativa visa ndo apenas enriquecer constantemente o banco de dados do UrbanAnts, mas também
preencher lacunas importantes no conhecimento cientifico sobre as formigas em areas urbanas. O estudo desses insetos é fundamental para
compreender sua influéncia na qualidade do solo, no controle de pragas e na polinizagao, além de auxiliar na conservagao da biodiversidade e no
desenvolvimento de estratégias sustentaveis para a gestao de espacos urbanos. Além disso, as formigas podem servir como bioindicadores
ambientais, refletindo mudancas na paisagem urbana e na salde dos ecossistemas.

Funcionalidades:

Mapa de Area: Um recurso interativo que permite aos usuarios explorarem as localizages de areas urbanas onde estao registrados dados sobre
formigas no UrbanAnts.

Tabela de Espécies: Esta funcionalidade apresenta informagdes detalhadas sobre a diversidade de formigas em cada area estudada. Cada linha da
tabela corresponde a uma espécie, permitindo facilmente a comparaio e consulta entre diferentes registros.

Grafico de Subfamilias, Grafico de Géneros e Grafico de Espécies: Permite visualizar graficos que ilustram o nimero de subfamilia, géneros e
espécies amostradas em cada parque, permitindo analises comparativas entre as diferentes reas de estudo, além de possibilitar a observagio de
padrao de diversidade

Diversidade de Formigas por Area: Aqui vocé pode analisar a diversidade de formigas em diferentes areas, inclusive comparando maltiplas areas ao
mesmo tempo. A funcionalidade permite visualizar a distribuicao dos registros por subfamilia, género e espécie, além de identificar as espécies mais
comuns e mais raras em cada local selecionado.

Conhega as Formigas: Aqui vocé encontrara informagées sobre as formigas presentes em ambientes urbanos, incluindo suas caracteristicas,
comportamentos, alimentagao, curiosidades e o potencial risco a salide publica que algumas espécies podem representar.

Biblioteca: Nesta pagina, vocé tera acesso a livros, artigos e outros recursos sobre formigas em ambientes urbanos. Basta clicar no botao para realizar
o download de materiais de forma simples e gratuita.

Colaboradores e Resultados: Sempre que novos dados forem enviados para o UrbanAnts, os colaboradores terdo seus nomes listados, junto com a
indicagao do material enviado. Isso ajuda a reconhecer a contribuigao de cada pesquisador ou cidadao cientista para o crescimento do banco de
dados.

Destaques e Novidades: Este recurso mantém os usuarios atualizados com novas informagoes divulgadas no UrbanAnts, incluindo fotos, noticias e
eventos tematicos relacionados ao projeto.

Colabore com o UrbanAnts: Aqui, vocé encontrara instrugdes detalhadas sobre como enviar seus proprios dados de formigas urbanas para o
UrbanAnts, contribuindo assim para a expansao do banco de dados e para o avango do conhecimento cientifico. Lembre-se de que o UrbanAnts esta
aberto a todos que desejam contribuir, seja vocé pesquisador ou nao.

Agradecimentos

Agradecemos a Coordenagao de Aperfeigopamento de Pessoal de Nivel Superior - Brasil (CAPES) (processo n.° 88887.821214/2023-00) pela bolsa de
doutorado concedida a primeira autora.

Figure 1. Home interface of the UrbanAnts platform. The figure presents the layout of the main interface of the Urba-
nAnts web application, composed of three primary components: (A) a header containing the logo and the application
name; (B) a sidebar menu used to navigate through the platform’s main features; and (C) the main content area, which
displays detailed information related to each feature selected from the sidebar.
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The Tabela de Espécies (Modelo UrbanAnts) [Species Table (UrbanAnts mod-
el)] and the Tabela de Espécies (Modelo Darwin Core) [Species Table (Darwin
Core model)] provide detailed information on ant diversity in each area. Each
row corresponds to a species and is structured to facilitate consultation and
comparison across different records. Both tables contain all occurrence data
available in UrbanAnts, but are presented in different formats. The Species
Table (UrbanAnts model) offers comprehensive data on specimen occurrenc-
es, including precise location, collection method, collector, date of collection,
caste/sex/stage (major worker, minor worker, queen, winged and/or imma-
ture), abundance and data source, indicating the origin and authorship of the
information. The Species Table (Darwin Core model) also presents this infor-
mation, but follows an internationally recognised and widely adopted standard
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Figure 2. Overview of the UrbanAnts platform and its key features. This schematic diagram illustrates the structure and
core functionalities of the UrbanAnts platform. At the centre of the figure is the application name, representing its inte-
grative role. Surrounding it are the main tools and components that define the platform’s functionality.

for biodiversity data sharing. Its standardised structure ensures broad com-
patibility with global systems, enhancing data integration, visibility and reus-
ability by researchers, environmental managers, educators, policy-makers and
collaborative networks in science, conservation and environmental monitoring.

The Gréfico de Subfamilias (Subfamily Graph), Gréfico de Géneros (Genus
Graph) and Gréfico de Espécies (Species Graph) features provide quanti-
tative visual representations of ant diversity in the areas covered by the
database. The application extracts data from the species tables, accounting
for the occurrences of each category (subfamilies, genera and species).
The respective abundance values are also included for species. These data
are processed and organised to generate bar graphs, providing a clear and
accurate visualisation of the information. Additionally, below the species
chart, UrbanAnts provides detailed biodiversity metrics for each area, in-
cluding species abundance, species richness, Shannon diversity index,
Pielou’s evenness and Margalef’s richness index.

The Diversidade de Formigas por Area (Ant Diversity by Area) feature
allows users to analyse the distribution of ants across subfamily, genus and
species levels, as well as to identify the most common and rarest species in
the selected areas. Users can compare all areas available in the database or
focus on those of specific interest.
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The Conheca as Formigas (Meet the Ants) feature provides information about ant
species found in urban environments, including details on their behaviour, feeding
habits, biological and ecological curiosities and their importance to the environment.

In the Biblioteca (Library) tab, users can freely access a variety of books and
articles specialised in the subject, ensuring that relevant and up-to-date con-
tent is readily available. In Destaques e Novidades (Highlights and Updates),
users can view photos, stay informed with the latest news and keep track of
events related to myrmecology.

The Colabore com o UrbanAnts (Collaborate with UrbanAnts) and Colabora-
dores e Resultados (Collaborators and Results) features were designed to fa-
cilitate and promote the expansion of the database. In Collaborate with Urba-
nAnts, we invite researchers studying ants in urban areas, as well as the general
public, to contribute to the database. The goal is to unite efforts through citizen
science, fostering collaboration between experts and engaged citizens.

Through this initiative, researchers can share their data in a structured way,
expanding the reach and impact of their findings. At the same time, the pub-
lic can actively participate in data collection, promoting greater awareness of
urban biodiversity and contributing to scientific progress.

The platform provides a standardised table that can be directly downloaded via
a link, along with clear instructions for submitting data. In addition, for citizen-sci-
ence initiatives, participants can submit extra information through our form, such as
photos, descriptions and relevant observations about ants in urban environments.

The menu also includes a Termos de Uso (Terms of Use) section, which outlines
the guidelines and conditions for using the platform, ensuring that users under-
stand their rights and responsibilities when accessing UrbanAnts. Additionally, we
provide a Contato (Contact) tab, where users can reach out to clarify any questions
about the platform, report potential issues or submit suggestions for improvement.

The database was initially developed as part of the first author’s (DCdeOG) doc-
toral research on ant diversity in urban areas. Preliminary data were collected
in Sdo Paulo, Brazil’s largest metropolis and one of the most populous cities in
the world (IBGE 2023). The data were collected from eight parks in Sdo Pau-
lo, SP, Brazil (Parque Alfredo Volpi, Parque Anhanguera, Parque Previdéncia,
Parque do Carmo — Olavo Egydio Setubal, Parque Ecoldgico Chico Mendes,
Parque Ibirapuera, Parque Jardim da Luz and Parque Tenente Siqueira Cam-
pos — Trianon). These records document ant diversity in these environments
and include data on country, state, locality, latitude and longitude, collection
date, collection method, collector, subfamily, genus, species and counts of ma-
jor and minor workers, queens, males, immature stages and general species
abundance. The database was initially formed by 10,346 data entries, totalling
85,859 individual occurrence records.

The main objective of UrbanAnts will be to expand its database by collecting
and organising comprehensive information on ant species inhabiting urban
areas in all regions of Brazil. This initiative will include records from a wide
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range of urban environments, such as residential, commercial, industrial, hospi-
tal, institutional, recreational, cultural, natural, historical, port and tourist areas.

We currently have a dedicated moderation team responsible for reviewing
and organising the data submitted to the UrbanAnts platform. This team en-
sures that all records meet quality standards and align with the project’s scien-
tific goals. As the platform evolves and the volume of contributions increases,
we intend to expand this team and engage a broader network of collaborators,
including researchers, students and citizen scientists. This collaborative ap-
proach aims to strengthen data validation, foster community involvement and
ensure the scientific rigour and long-term sustainability of the database.

Simultaneously, UrbanAnts will foster scientific collaboration with research
groups across the country to consolidate diverse datasets into a unified, integrative
repository. We will incorporate data extracted from previously published studies and
organise species lists and associated occurrence records using standardised tem-
platesto supportthis goal. Allincorporated data will be properly referenced and cited,
ensuring visibility, reproducibility and alignment with global data-sharing practices.

We will also actively encourage researchers and institutions to contribute
original and unpublished data. All submissions will undergo a rigorous scien-
tific validation process to ensure accurate species identification, reliable oc-
currence records and ecological relevance. This validation will be conducted
by myrmecology experts, who will examine physical specimens deposited in
museum collections whenever possible, review associated media, such as
photographs and videos, consult relevant literature and participate in discus-
sions with other researchers. This comprehensive protocol will safeguard the
scientific integrity of the database and maintain the platform’s consistency and
credibility. Once validated, records will be published with full citations, ensuring
traceability and proper acknowledgment of contributors’ authorship.

Citizen science will be a central component of UrbanAnts. The project will invite
public participation through the submission of photographs and videos of ants ob-
served in urban environments. Contributors will receive guidance and support from
the UrbanAnts team to ensure complete, high-quality submissions. Contributors
will be notified after validation and their records will be published on the platform
with full attribution. This ongoing interaction will strengthen public engagement and
raise awareness of urban biodiversity, which is often overlooked or underestimated.

We at UrbanAnts are committed to maintaining an increasingly dynamic plat-
form, continuously evolving and aligned with the needs and contributions of its
users. Continuous improvement will be driven by community feedback and techno-
logical innovation. We will develop interactive tools to enhance data visualisation,
including species-level mapping and improve the accessibility and usability of the
web interface. New features will be implemented to foster deeper user engagement.

In addition, UrbanAnts will pursue collaborative partnerships with research
institutions, educational organisations and biodiversity-focused initiatives.
These partnerships will support the development of new tools, including mo-
bile apps, plugins and integrations with other biodiversity databases. We will
also expand the geographic scope of the database to include records not only
from Brazil, but from around the world. The platform will be available in English
to support this international expansion. This global approach will enrich the
platform’s ability to reflect the diversity and distribution patterns of ant species
in urban landscapes, both in Brazil and internationally.
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Conclusion

The UrbanAnts application is the first initiative in its category, a database ded-
icated exclusively to compiling information on ant diversity in urban environ-
ments. It is designed to consolidate data in an intuitive, efficient and accessible
way, centralised in one location and available online. UrbanAnts represents an
unprecedented advance in integrating data on ant occurrences in urban envi-
ronments, promoting citizen science and providing valuable resources for both
researchers and the general public. Initially, UrbanAnts provides occurrence
data from eight urban areas. New areas will be added as expansion and util-
isation progress and analytical tools will be enhanced to improve data visu-
alisation and interpretation. In addition to advancing knowledge about urban
biodiversity, UrbanAnts serves as a tool to support public policies on the con-
servation, sustainable management and control of species in urbanised areas.
The application also enables a better understanding of the distribution, natural
history, ecological roles and interactions of ants within urban environments. By
integrating data from multiple contexts, the platform fosters interdisciplinary
research across diverse fields of knowledge throughout Brazil, a country rec-
ognised for hosting one of the highest levels of ant biodiversity in the world.
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