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Bird Colony: an application for collecting spatial and fitness data from

seabird colonies for analysing global patterns

Abstract:

Seabirds are vital indicators of environmental change due to their wide-ranging habitats and
ecological sensitivity. Hence effective monitoring of seabirds is crucial for global under-
standing of environmental change. To better utilize the ongoing research efforts that collect
data about seabird breeding there is a need for software tools that facilitate data collection
in seabird research. This thesis introduces the Bird Colony application, a user-friendly tool
developed with Flutter and Firebase to streamline data collection and management in seabird
colony monitoring. Key features of the developed application include precise nest mapping,
real-time data entry, and experiment management - all tailored to the specific needs of field
researchers. The application's cross-platform compatibility and real-time database enable
immediate data synchronization between researchers working in a colony. The open-source
nature of the application promotes customization and collaboration within the developer
community, potentially improving seabird research methodologies and conservation strate-
gies in the long run. To test and validate the usefulness of the developed software the Bird
Colony application has been effectively used on Kakrarahu islet, Estonia to improve the
monitoring of its common gull (Larus canus) breeding colony. On Kakrarahu common gulls
have been monitored for several decades — all in an effort to enhance the understanding of
seabird populations and their responses to environmental change. By improving data col-
lection methods and fostering collaboration among researchers, this application aims to con-

tribute significantly to seabird conservation and ecological research worldwide.
Keywords:
Seabirds, data collection software, Flutter, Firebase

CERCS: P170, Computer science, numerical analysis, systems, control; B280, Animal

ecology



Bird Colony: merelinnukolooniate ruumiliste ja kohasusandmete kogu-

mise rakendus globaalsete mustrite uurimiseks
Lithikokkuvéte:

Merelinnud on olulised keskkonnamuutuste indikaatorid nende laia geograafilise leviku ja
tundlikkuse tottu muutustele 6kosiisteemides. Seega on merelindude tohus seire globaal-
sete keskkonnamuutuste moju moistmise jaoks iilioluline. Selleks, et paremini dra kasu-
tada ressurssi, mis kulub merelindude uurimiseks, on vaja tarkvaravahendeid, mis holbus-
tavad andmete kogumist merelindude pesitsuskolooniatest. Kidesolev 10putdo tutvustab ra-
kendust ,,Bird Colony*, kasutajasobralikku tooriista, mis on vélja todtatud Flutteri ja Fi-
rebase'l abil, et muuta sujuvamaks andmete kogumist ja haldamist merelindude kolooniate
seires. ,,Bird Colony* peamised funktsioonid holmavad tidpset pesade kaardistamist, reaa-
lajas andmete sisestamist ja katsete haldamist, mis kdik on kohandatud vilitood tegevate
inimeste spetsiifilisi vajadusi silmas pidades. Rakendus on platvormiiilene ja reaalajas
uueneva andmebaasiga, mis voimaldab meeskondliku koost66d pesitsuskoloonias. Téanu
avatud ldahtekoodile on rakendus kohandamiseks kittesaadav ka teistele arendajatele, mis
voiks pikas perspektiivis veelgi suurendada rakenduse kasulikust uurimismetoodikate

tdiustamisel.

Selleks, et testida ja arendada rakenduse kasulikust, on ,,Bird Colony* rakendust arendatud
mitme aasta viltel Kakrarahu kalakajakate (Larus canus) pesituskoloonias toimuvate prot-
sesside jdlgimise parandamiseks. Kakrarahu kajakakolooniat on jélgitud aastakiimneid,
eesmirgiga parandada merelindude populatsioonides toimuvate protsesside moistmist
muuhulgas ka keskkonnamuutuste kontekstis. Parandades andmete kogumise meetodeid ja
edendades koostd6d uurijate vahel, panustab kdesolevas to6s arendatud rakendus merelin-

dude kaitse ja 6koloogilise uurimistd6 arengusse kogu maailmas.
Votmesonad:
Merelinnud, andmekogumistarkvara, Flutter, Firebase

CERCS: P170, Arvutiteadus, arvutusmeetodid, siisteemid, juhtimine (automaatjuhtimiste-

ooria); B280, Loomadkoloogia
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Introduction

Seabirds are good model systems to study the effects of environmental change on free-living
animals on wider spatial scales and time-scales (Grémillet and Boulinier 2009). In addition
to being affected by anthropogenic environmental change, including climate change, deple-
tion of fish stocks, bycatch and marine pollution, their long lifespan and flexible pace of life
allows for long-term studies (Einoder 2009). Seabirds are exposed to pollution on land, in
water and in the air, and as higher links in the food chain, they are vulnerable to the accu-
mulation of pollutants (Burger and Gochfeld 2004; Kreitsberg et al. 2023). Most seabirds
are colonial breeders, which is why they are particularly sensitive to factors related to pop-
ulation density, which in turn are related to habitat loss and fragmentation (Miller et al.
2019). Seabirds also often migrate over large distances, exposed to environmental changes

on a global scale (Trevail et al. 2023).

Despite the wealth of data collected from seabird breeding colonies worldwide, there is a need
for standardized data collection methods to facilitate large-scale analysis of global patterns in
seabird fitness and ecology (Lewison et al. 2012; Grémillet, Chevallier, and Guinet 2022; Fierro-
Calderon et al. 2021). This thesis addresses this gap by introducing Bird Colony, a Flutter ap-
plication designed to streamline and standardize data collection from seabird colonies. By
providing a standardized, user-friendly platform for data collection, Bird Colony has the poten-
tial to contribute to more comprehensive and comparable datasets across different geographical

locations.

This thesis is structured as follows: The introduction presents the background and im-
portance of data collection for bird colony monitoring. Chapter1 begins by discussing tradi-
tional methods such as ground surveys, aerial surveys, and acoustic monitoring. It then ex-
plores modern methods, including the use of unmanned aerial vehicles (UAVs) and other
more recent technologies, ending with an overview of available software tools for data col-
lection and analysis. Chapter 2 looks into the development framework selection used for
creating the Bird Colony application and the data storage solutions implemented. Chapter 3
provides a detailed look at the functionalities of the Bird Colony application, including the
software architecture, real word usage and future directions. Finally, in the conclusions I
reflect on how the Bird Colony application addresses the challenges identified in seabird
colony monitoring, discuss its practical implications for ecological research and conserva-
tion efforts, and provide recommendations for future improvements and wider adoption

within the research community.



Artificial intelligence (Al) tools were used in the creation of this thesis. For code writing, I
utilized Android Studio' with GitHub Copilot’s® auto-completion features enabled. The exact
versions of GitHub Copilot used can be determined by comparing the git commit history with
the release schedule of GitHub Copilot. For the creation of thesis text passages, I followed a
procedure where I first wrote the paragraph, including references, and then prompted Microsoft
Copilot® in “Protected” mode with the option to use GPT-4 and the conversation style set to
“Precise” to fix the language and seek advice on the next steps. Next, I either accepted or ignored
the Copilots edits based on my personal preference and decided whether there is merit in pursu-
ing its suggestions based on my understanding of the topic. This procedure was iterated several
times during the thesis writing as my understanding of the topic and the output I wanted to get

grew. An example conversation for this paragraph’s first version can be found in Appendix L.

! https://developer.android.com/studio

2 https://github.com/features/copilot

3 https://bing.com/chat (as of October 2024 the UI used in the writing of the thesis is changed and the link

redirects to https://m365.cloud.microsoft/chat without the same options
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1 Current Methods for Data Collection for Bird Colony Monitoring

The collection of data on bird nest locations and breeding success is a critical component of
avian ecology and conservation (Fierro-Calderon et al. 2021). Traditional ground surveys
have been the cornerstone of bird colony monitoring that have been complemented with
numerous digital alternatives like satellite or aerial imaging or on the ground video surveil-
lance (Edney and Wood 2021). While each method has its own advantages, they also come
with significant challenges, such as accessibility issues, potential disturbance to birds, and
limitations in data accuracy (Edney et al. 2023; Hodgson et al. 2016; Zink et al. 2023). In
recent years, Geographic Information System (GIS) data has emerged as a valuable tool, but
longitudinal studies and those using spatial data can generate large amounts of data, which
is time-consuming to collect and manage (Nowak et al. 2020). Consequently, fieldwork of-
ten focuses on gathering data specific to the ongoing research project or monitoring pro-
gram, potentially hindering the use of ongoing seabird monitoring projects for large-scale
standardized data analysis. This chapter aims to explore the various methods and software
tools used for data collection in the field, highlighting both traditional methods and modern

innovations.

1.1 Traditional methods

Ground surveys are perhaps the most common traditional method for monitoring bird colo-
nies (Fierro-Calderdn et al. 2021; Sepp et al. 2017; Clairbaux et al. 2024). Conducting these
surveys by physically visiting nesting sites to count nests and observe nesting behaviors
allows for detailed observations of individual nests, including the number of eggs, the pres-
ence of chicks, and parental behaviors. However, ground surveys are labor-intensive and
time-consuming, often requiring multiple visits to the same site throughout the breeding
season to gather comprehensive data (Edney et al. 2023; Sarda-Palomera et al. 2017; Larson
and Gawlik 2023). Yet, studies have shown that monitoring the number of chicks that reach
different life stages can provide valuable insights into the reproductive success of a colony
(Bhusal et al. 2023). Traditionally ground surveys have often lacked the ability to capture

fine-scale spatial and temporal dynamics within colonies.

Another method for bird monitoring is aerial surveys using manned aircrafts. Low flying
planes have been employed to monitor larger colonies or those situated in hard-to-reach

areas. These surveys can cover extensive geographical areas quickly, allowing researchers
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to obtain a broader perspective on bird populations and nesting distributions (Sarda-Palo-
mera et al. 2012). However, aerial surveys also come with drawbacks, including high oper-
ational costs, the need for specialized equipment and trained personnel, and potential dis-
turbances to the birds being monitored (Hodgson et al. 2016). Additionally, the accuracy of
data collected from aerial surveys can be compromised by factors such as weather condi-
tions, altitude, and the observer's ability to identify nests from a distance (Zydelis et al. 2019;
Davis et al. 2022). Also traditional aerial methods often lack the ability to capture fine-scale
spatial and temporal dynamics within colonies (Edney et al. 2023). This limitation under-

scores the need for more advanced methodologies that can provide comprehensive data.

1.2 Modern Methods

Acoustic monitoring has emerged as an innovative approach to supplement traditional meth-
ods, particularly for colonial waterbirds (Arneill et al. 2020). This technique involves quan-
tifying vocalizations from nesting birds to estimate colony size and nesting success. For
instance, the call rates of heron chicks could be correlated with nest counts, providing a non-
invasive means of monitoring (Larson and Gawlik 2023). However, this method is sensitive
to various environmental factors, including vegetation density and wind speed, which can
affect sound propagation and detection especially for seabirds (Priyadarshani, Castro, and

Marsland 2018).

The seemingly most popular emerging method in the field of bird nest monitoring is the use
of unmanned aerial vehicles (UAVs) (Nowak, Dziob, and Bogawski 2018). UAVs offer a
non-invasive method for data collection, allowing researchers to gather high-resolution im-
agery and spatial data (Edney and Wood 2021; Hodgson et al. 2016). The advantage of
UAVs lies in their ability to access remote or difficult-to-reach nesting sites without disturb-
ing the birds (Sarda-Palomera et al. 2012). UAVs can operate at various altitudes and angles,
providing essential high-resolution images for accurate nest identification and population
assessments (Edney et al. 2023). They can capture sequential aerial images during a single
sampling day, enabling researchers to analyze potential census errors and obtain confidence
intervals for their estimates (Sarda-Palomera et al. 2012). Researchers have used different
UAVs with cameras to study various bird species nesting patterns (Edney and Wood 2021).
However, the high initial cost and ongoing maintenance expenses of quality UAVs can be
prohibitive for many research projects, particularly those with limited funding. Especially

considering that UAVs also stress the birds and are sometimes attacked in the field (Zink et

8



al. 2023; Junda et al. 2016). Nevertheless, the integration of UAV technology with GIS can
streamline the process of data collection, enabling the analysis of large areas and the iden-

tification of nesting habitats with greater accuracy (Quamar et al. 2023).

The rise of GPS tracking technology has provided a way to obtain high-resolution data on
foraging behaviour and habitat utilization. Frequently GPS trackers have been used in re-
search to gain insights into the movements and behaviors of individual birds within colonies
and beyond (Bernard et al. 2021).This method allows researchers to obtain precise location
fixes, enabling the identification of critical foraging areas and the assessment of interactions
with different factors like fishing activities (Torres et al. 2011; Carroll et al. 2019), light
pollution (Rodriguez, Rodriguez, and Negro 2015; Rodriguez et al. 2022) or migration (Fre-
deriksen et al. 2012; Iverson et al. 2023). This multi-faceted approach is essential for effec-
tive conservation management, particularly in identifying marine protected areas and miti-

gating threats like bycatch and habitat degradation (Soanes et al. 2014; Dean et al. 2015).

Handheld GPS devices can also be used for ground surveys in colonies. Table 1 represents
the results from a questionnaire for understanding how data is currently collected among the
network of researchers studying seabirds and mercury pollution (ARCTOX* network)
(Boeijkens 2023). These results showed that while some researchers still manually mark
nest locations on a map with a pencil spatial data was mostly collected with geolocator de-
vices such as Garmin GPS, GLS, GPS-UHF and field computers Yuma, Husky and GeTac

and transferred to spreadsheet tables manually.

1.3 Available Software

For ground surveys general purpose mobile GIS applications can be used as valuable tools
for field data collection. These applications allow researchers to collect and input data di-
rectly in the field, enhancing the efficiency of data collection (Sarbazvatan and Karimi
2023). For example, the ArcGIS Collector’ (that seems to be discontinued in 2024) allegedly
had an interface for recording site locations and entering attribute data, which then was in-
stantly uploaded to a central database (Lindsay and Kong 2020; Nowak et al. 2020).Cur-
rently a plethora of biodiversity recording applications have the ability to record location

data of different species (Table 2). Such real-time data collection capability is particularly

4 https://arctox.wordpress.com/

5 https://doc.arcgis.com/en/collector-classic/




beneficial for monitoring breeding success and nest locations over time. However, none of
the responders from the ARCTOX group collected nest coordinates using a smartphone with
any of these applications (see Table 1). Hence, either many researchers prefer to use only
specialized equipment to collect spatial data or they find the functionality of these applica-
tions (see Table 2) insufficient or there is no certainty if a closed source app will still be
available in the next year (for an outdated list for Table 2 see Novak et al. 2020). Neverthe-
less, the wider use of mobile applications could make equipment for field work cheaper and
data collection more streamlined. Yet as far as I know, there is no specifically designed
open-source smartphone application currently available for data collection from seabird col-
onies. The development of such GIS tools would allow researchers and conservationists
with limited resources to more easily engage in data collection and analysis (Mobasheri et
al. 2020). Open-source platforms can be customized for specific research needs, making
them adaptable for various ecological studies, including those focused on avian nesting.
Django Bird Colony® is an open source Django’ application for managing bird colonies with
SQL backend. Still, it lacks GIS functionality and is developed for aviaries making its use

in field conditions hard without extensive rewriting.

Given the limitations of existing tools and the specific needs of seabird colony research,
there is a clear demand for a specialized, open-source application tailored for field data col-
lection in seabird colonies. While general-purpose GIS applications and biodiversity record-
ing tools exist, they often lack the specific features required for comprehensive seabird col-
ony monitoring. The absence of a dedicated smartphone application for this purpose, as
evidenced by the ARCTOX group's reliance on specialized equipment, highlights a signifi-
cant gap in the available toolset. A custom-built application that combines GIS functionality
with specific features for tracking nest locations, breeding success, and individual bird data
would streamline the data collection process, improve accuracy, and enable real-time data
sharing among researchers. Such a tool would not only make fieldwork more efficient but
also more accessible to researchers with limited resources, potentially expanding the scope

and scale of seabird colony studies worldwide.

% https://github.com/melizalab/django-bird-colony

7 https://www.djangoproject.com/
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Table 1. A summary of questionnaire responses from researchers participating in the ARCTOX network adopted from Boeijkens (2023) (studying the effects

of mercury pollution on seabirds). The projects are sorted based on the length of time period of monitoring program, starting with longer programs.

Studied species Collected data Location data collection Years Data storage method Data availability
method studied
Atlantic puffin (Fratercula arctica) and Nest GPS coordinates, Before 2010: handheld 42 On paper, but most data SEAPOP, = SEATRACK
other seabird species weight of adults, eggs GPS*, after: field work tab- later reached Excel or Ac- and ICES databases, partly
and chicks, blood sam- lets (Husky, Yuma, GeTac) cess databases available upon request
ples
Skuas (Catharacta sp), gulls (Larus sp.), Nest GPS coordinates, GPS >30 Excel Monitoring data available
eiders (Somateria sp) weight of adults, eggs in Movebank database
and chicks, blood sam-
ples
Common eider (Somateria mollissima) Nest GPS coordinates, GPS and GLS** loggers 28 Paper and Excel GLS data available in SEA-
weight of adults, blood POP database
samples
Fulmars (Fulmar sp) Nest GPS coordinates, GPS, marking nests on 22 MS Access Dryad, if published
weight of adults, eggs maps by hand
and chicks, blood sam-
ples
Common murre (Uria aalge), cormorants Breeding success GLS, photos 21 Paper, Excel, cloud stor- Yearly reports
(Phalacrocorax sp.) age
Common eider (Somateria mollissima), Nest GPS coordinates, GPS coordinates for glau- <20 Excel Some of the data is pub-

glaucous gull (Larus hyperboreus), black-
legged kittiwake (Rissa tridactyla)

weight of adults, blood
samples

cuous gull nests

lished, database building in
progress




Studied species Collected data Location data collection Years Data storage method Data availability
method studied
Little auk (4/le alle) Nest GPS coordinates, Handheld GPS 20 Excel, CSV Data will be made available
weight of adults and after publishing related pa-
chicks, blood samples pers (e.g. in Dryad)
Little auk (Alle alle) Nest GPS coordinates, GPS (Garmin) 18 Paper, Excel Data private, available

black-legged kittiwake (Rissa tridactyla),
Atlantic puffin (Fratercula arctica)

Many seabird species (SEAPOP program)

Arctic tern (Sterna paradisaea)

5 different seabird species

Glaucous gull (Larus hyperboreus)

weight of adults, eggs
and chicks, blood sam-
ples

Nest GPS coordinates,
weight of eggs and
chicks, blood samples

Weight of adults and
chicks, blood samples

Nest GPS coordinates,
weight of adults and
chicks

Nest GPS coordinates,
weight of adults, blood
samples

Nest GPS coordinates,
weight of adults and
chicks, blood samples

GPS in field work tablet
(Yuma)

Marking nests on maps by

hand

GPS

Handheld GPS (Garmin)

GPS

12-14

13

12

12

Excel and databases

Excel

Excel

Excel, Access

Excel, database

upon request

Summary of data available
on the SEAPOP page

Some data in Dryad,
mostly private

Data is private

Part of the data published
every year on a public web

page

Detailed data is private
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Studied species Collected data Location data collection Years Data storage method Data availability

method studied
6 different seabird species Nest GPS coordinates, GPS, loggers 10 Excel Regional database
weight of adults and
chicks, blood samples
Common eider (Somateria mollissima) Nest GPS coordinates, GPS (Garmin) 10 Excel Data is not published, but
weight of adults has been sent to relevant
authorities
Common edier (Somateria mollissima), Weight of adults GLS 8 Excel Data will be published via
common murre (Uria aalge), northern ful- publications
mar (Fulmarus glacialis)
European herring gull (Larus argentatus), Nest GPS coordinates, GPS-UHF*** loggers 7 Files in a computer Data is private
lesser black-backed gull (Larus fuscus), weight of adults, eggs
great black-backed gull (Larus marinus)  and chicks, blood sam-
ples
Bulwer's petrel (Bulweria bulwerii) Weight of adults and Marking nests on maps by 4 Excel Data publicly available in
chicks, blood samples hand Barcelona University re-
pository
Little auk (A4l/le alle), thick-billed murre Nest GPS coordinates, Marking nests on photos, 2 Excel, back-up hard Datapublishedin SeaTrack
(Uria lomvia), black-legged kittiwake weight of adults GPS (Garmin) drive, SQL database webpage

(Rissa tridactyla)
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Table 2. List of available applications that are designed for gathering biodiversity data, including observations, specimens, and material samples.

Name Description Features Platform Link Open
source

PlutoF GO A tool for gathering biodiversity data, including ob- Record photos, videos, and sounds, Offline taxonomy iOS, An- PlutoF GO No
servations, specimens, and material samples. search, Upload data to PlutoF workbench droid

iNaturalist A community-driven app for recording and sharing Species identification, Community validation, Data iOS, An- iNaturalist Yes
biodiversity observations. export for research droid, Web

eBird A bird observation app by the Cornell Lab of Orni- Bird species identification, Real-time data entry, Ex- i0S, An- eBird No
thology. plore birding hotspots droid, Web

ObsMapp An app for recording wildlife observations, linked to  Offline data entry, GPS tracking, Integration with Ob-  Android ObsMapp No
the Observation.org platform. servation.org

Nature’s An app for tracking plant and animal life cycle Phenology data collection, Data visualization, Com- iOS, An- Nature’s No

Notebook events. munity collaboration droid, Web ~ Notebook

Map of Life An app for exploring species distributions and re- Species distribution maps, Offline data entry, Integra- iOS, An- MapoflLife Yes
cording observations. tion with global biodiversity databases droid

HerpMapper  An app for recording reptile and amphibian observa-  Species identification, Data sharing with conservation i0OS, An- HerpMapper No
tions. organizations, Offline data entry droid




2 Technological Choices for Bird Colony Application

The development framework and database for creating an application aimed at collecting
spatial and fitness data from seabird colonies was carefully considered. I wrote a preliminary
version of the software® for the Bird colony app (then called Kakrarahu app) back in 2017
in the field using the Ionic’ framework frontend and MariaDB!? (SQL) relational database
with Laravel'! php backend. Before rewriting a more general and feature-rich application,
these choices were evaluated again together with Johan Boeijkens (then a Bachelor student
supervised by me and Tuul Sepp) in the light of current technological advancements and
project requirements. Among the options reviewed, Laravel with MariaDB was also consid-
ered due to its robustness and familiarity. However, Flutter'?> emerged as a more compelling
choice due to its performance, development efficiency, and cross-platform capabilities. For
data storage, Firebase'? was selected for its Flutter integrations, real-time database features,
seamless integration with mobile platforms, and scalability. This combination of Flutter and
Firebase enabled to create a robust, efficient, and user-friendly application capable of meet-
ing the complex demands of seabird colony research while ensuring adaptability for future

enhancements.

2.1 Development Framework

Flutter's ability to significantly reduce development time and complexity is one of its pri-
mary advantages (Katti and Sowmya 2022). By enabling developers to create applications
for both 10S and Android from a single codebase, Flutter eliminates the need to write and
maintain separate versions of an app for different platforms, thereby saving substantial time
and resources. Such efficiency was particularly beneficial in enhancing this application in
the field. In the initial development phase, functionality updates and bug fixes were imple-

mented swiftly, even during fieldwork days. Flutter simplifies the app development process,

8 https://bitbucket.org/zoobiologysoft/workspace/repositories/

9 https://ionicframework.com/

10 https://mariadb.org/

1 https://laravel.com/

12 https:/flutter.dev/
13 https:/firebase.google.com/




making it accessible to developers with backgrounds in languages like Java, C#, or C++
(Cheon and Chavez 2021). Unlike other cross-platform frameworks such as React Native'4,
which rely heavily on JavaScript and require a bridge to communicate with native compo-
nents, Flutter compiles directly to native code using its own programming language, Dart
(Katti and Sowmya 2022). This direct execution model enhances performance, ensuring that
Flutter applications run smoothly—a critical factor for real-time data collection and analysis

in field conditions.

Another advantage of Flutter is that its widget-based Ul library empowers developers to
craft highly responsive and smooth applications that deliver consistent experiences across
various devices (Aung et al. 2024). This consistency is important in fieldwork scenarios
where different fieldwork assistants may use different devices, as it ensures the application
maintains a uniform look and feel across both iOS and Android platforms (Katti and
Sowmya 2022). A well-designed user interface facilitates easier data entry and retrieval,
which is essential when working in harsh field conditions with weather conditions varying

on a daily basis.

Moreover, Flutter's extensive widget library allows developers to create highly customizable
user interfaces that adapt seamlessly to various screen sizes and resolutions—a feature par-
ticularly valuable if the data is entered on the field from a smartphone but reviewed later in
the station on a laptop (Aung et al. 2024). Another significant advantage of Flutter is its
strong community support and comprehensive documentation, which accelerates the devel-
opment process. As an open-source framework, Flutter provides developers with access to
a wealth of resources, including libraries and plugins that enhance application functionality
(Ameen and Mohammed 2022). This abundance of community-driven resources is particu-
larly beneficial for applications requiring integration with various data sources or external
APIs. It facilitates the implementation of features such as geolocation tracking or data vis-
ualization—capabilities often used in ecological research applications focused on tasks like

nest or experiment management.

When compared to other cross-platform frameworks like React Native and Ionic, Flutter
stands out for its superior performance and ease of use. React Native relies heavily on Ja-

vaScript and requires a bridge to communicate with native components, which can

14 https://reactnative.dev/
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complicate the development process and increase resource use(Oliveira et al. 2023). Ionic,
on the other hand, builds applications using web technologies like HTML, CSS, and JavaS-
cript, running them within a WebView (Novac et al. 2022). In the comparison between the
3 frameworks, Flutter imposes the least overhead in execution time and energy, whereas
React Native and Ionic impose higher overheads due to their reliance on JavaScript and
WebView rendering, respectively (Oliveira et al. 2023). Flutter's use of Dart allows for ef-
ficient native code compilation, eliminating the need for a bridge or WebView and stream-
lining the development workflow (Cheon and Chavez 2021). This single codebase approach

and direct compilation to native code enhance performance and simplify updates.

Although the aforementioned technical merits of Flutter played a role in its selection, it is
important to note that personal preference and prior experience were also key factors in this
decision. My prior experience with Ionic had introduced me to the cross-platform develop-
ment. This experience, coupled with Flutter's seemingly growing popularity and positive
developer feedback, influenced my inclination towards Flutter. The familiarity with cross-
platform development concepts from lonic made the transition to Flutter feel natural, while
Flutter's performance improvements, rich widget library and simple integration with Google
Firebase backend offered exciting new possibilities for creating a new and better field re-

search application.

2.2 Data Storage

When considering the backend infrastructure for a Flutter application designed to collect
spatial and fitness data from seabird colonies, the choice is mainly between SQL and noSQL
databases (Sudiartha et al. 2020). Google Firebase Firestore, a noSQL solution, presents
some advantages like schema flexibility and scalability over traditional relational databases
like MySQL (Fotache and Cogean 2013; Khan et al. 2023). Also, Firestore provides a
noSQL data storage that allows for real-time data synchronization across all connected cli-
ents (Sukmana and Rosmansyah 2021). This feature is particularly beneficial for applica-
tions that require immediate updates and feedback. In situations where data is collected in
the field, real-time updates can facilitate immediate data sharing among data submitters,

allowing for more dynamic and informed decision-making.

Firebase also excels in providing robust data security and privacy features. The platform
includes built-in security rules that allow developers to define access controls at a granular
level, ensuring that only authorized users can access or modify data (Chougale et al. 2021).

17



Firebase also simplifies user authentication, providing a secure and efficient way to manage

user accounts (Beno, Kucera, and BaSista 2024).

The scalability of Firebase is another factor that makes it an attractive option for Flutter
applications. Firebase's architecture is designed to support high volumes of concurrent users
and data transactions without requiring extensive manual configuration or optimization (Su-
diartha et al. 2020). This scalability is needed for applications that may experience fluctuat-
ing user loads, such as during peak data collection periods when multiple researchers are
actively using the app (Khan et al. 2023). Firebase automatically scales to accommodate
increased traffic (Kesavan et al. 2023), whereas scaling a SQL backend often involves man-
aging server resources and may require complex configurations, such as load balancing or

database replication (Uzzaman et al. 2024).

Furthermore, Firebase's serverless architecture allows developers to deploy and manage the
application without worrying about the underlying infrastructure or cost of setting up and
running an app with a small user base (Sukmana and Rosmansyah 2021; Kesavan et al.
2023). This is particularly advantageous for teams with limited resources or expertise in
server management, enabling virtually maintenance-free use of the app for ecologists after

the initial setup.

Firebase also supports cloud messaging, which can be used in keeping users engaged with
timely notifications and updates (Kesavan et al. 2023). This feature allows developers to
send push notifications to users, informing them of important events or updates related to
their research activities (Patnaik et al. 2021). For instance, researchers can receive alerts
when new data is available or when significant changes occur in the monitored seabird col-
onies. Another significant advantage of using Firebase is its comprehensive cloud storage
capabilities. Firebase Storage allows developers to store and serve user-generated content,
such as images, videos, and other files, securely and efficiently (Patnaik et al. 2021). This
is particularly relevant for applications that may require the upload of large datasets or mul-
timedia content, such as images of particular experimental nests or birds. The ability to han-
dle large files without compromising performance is crucial in maintaining a smooth user
experience, especially in mobile applications where bandwidth may be limited (Bertio,

Kucera, and Basista 2024).

Furthermore, Firebase's easy integration with Android Studio allows developers to quickly

implement functionalities using pre-built methods provided by Firebase service SDKs
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(Baganin Dzakula 2024). Firebase's extensive documentation!> and community'¢ support

can significantly reduce the learning curve for new developers.

The combination of Flutter and Firebase for the Bird Colony application represents a choice
that addresses the unique challenges of seabird colony research. Flutter's cross-platform ca-
pabilities, performance, and rich Ul features provide an ideal foundation for creating a user-
friendly and efficient field data collection tool. Meanwhile, Firebase's real-time database,
scalability, and robust security features ensure that the application can handle the complex
data management needs. This technological pairing not only streamlines the development
process but also enhances the application's ability to adapt to diverse field conditions and
evolving research requirements. By leveraging the strengths of both Flutter and Firebase,
the Bird Colony application is well-positioned to significantly improve the efficiency and
accuracy of data collection in seabird colonies, potentially transforming how researchers

conduct and collaborate on ecological studies in challenging field environments.

15 https:/firebase.google.com/docs/

16 https:/firebase.google.com/community
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3 Overview of the Developed Software

To collect and analyse standardized data across seabird colonies, and to facilitate spatial
data collection, nest- and individual-based monitoring data recording, and experimental
work in seabird colonies, I completely rewrote the Bird Colony application in 2024!7. This
work was based on a proof of concept application'® I created back in 2017 that was devel-
oped into a preliminary Flutter application (Boeijkens 2023). Bird Colony is a Flutter appli-
cation using Firebase as its backend. The application allows simultaneous work and data
collection for a group of researchers working on different tasks within the colony using their
cell phones, automated storage of data to cloud, and adjustments for different settings. The
application19 allows users to create and manage nests, birds, eggs, and experiments, and
view basic statistics related to ringing or nests. The app also includes a map feature for
viewing nests on a map. Here, I describe this toolset and demonstrate its application in a
seabird colony located on an islet near the Western coast of Estonia, where the application
has been tested and developed simultaneously for several years for monitoring 1200+ com-
mon gull (Larus canus) nests and for conducting experimental work with gulls e.g. (Carbil-
let, Saks, and Sepp 2024), but also for recording location and banding data for other seabird
species breeding on the islet. The full source code of the application is publicly available in
Github®’. The software is licensed under GPL-3.0%! license. New features and app improve-
ments can be added during the coming years according to the suggestions from the users.
As the software has a permissive license tweaking for particular unseen use cases by other
developers is also possible, given that the complete source code of licensed works and mod-

ifications is made public.

3.1 Backend Architecture

The architecture of the Bird Colony Management backend in Firebase is structured around

Firestore collections, organizing data into key entities such as users, nests, birds, eggs,

17 https://github.com/rix133/flutter_bird colony/graphs/contributors

Bhttps://bitbucket.org/zoobiologysoft/workspace/repositories/

19 https://managebirdcolony.web.app
20 https://github.com/rix133/flutter_bird_colony
2! https://github.com/rix133/flutter_bird colony/blob/main/LICENSE
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experiments, and default settings. Each entity is represented as a collection, and documents
within these collections store relevant attributes. The intended relationships between main
collections are outlined in Figure 1. The "Birds" collection includes fields such as bird IDs,
nesting locations, ring information, species, and associated experiments, while the "Nests"
collection tracks nest IDs, species, accuracy of location, and discovery dates. Eggs are stored
as part of the "Eggs" collection under each nest object, capturing details like the discovery
date, ring information, and status. Experiments are a separate collection that can be linked
with birds or nests. While the “Birds” collection is something that has new birds entered
each year, for code simplicity and performance reasons as well as to maintain backward
compatibility with data gathered in 2022, a new “Nests” collection is created for each breed-
ing season that holds the nests for the given year. The data model also supports real-time
updates and historical changes, with changelogs stored within each document (such as birds,
nests, eggs and experiments) to provide a detailed history of modifications. Additionally,
collections like "DefaultSettings" store key configuration data, including default location
settings, species preferences, and measurement configurations. The Firestore database
schema does not ensure that relationships between entities (e.g., birds and nests or experi-
ments and nests) are clearly maintained. This is the main development bottleneck of the
approach. Firebase Authentication manages user access, and Google Maps?? is integrated to
manage spatial data, while Firestore supports real-time synchronization of colony data
across devices, ensuring updates are reflected immediately across the platform. Google
maps was preferred above other map applications because it integrates well with Flutter and

provides a satellite overlay, which is more informative on the field compared to plain maps.

22 https://developers.google.com/maps
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Figure 1. A schematic, non-comprehensive overview of the noSQL Firebase backend. This
schema uses arrow notation (double arrow 0:n, single arrow 1:1) and intends to capture the

general relationships and structure of how the data is used in the application.

3.2 Frontend Architecture

Next, [ will lay out the frontend architecture with the features that are available in the current
version (2.3.6) of the Bird Colony Flutter application. A 2 minutes usage overview video®®
allows for a glimpse of the application frontend. Most important components of the main
user interface are depicted on figure 2. First, the application allows to view nests on a map
and create nests from the map. This feature allows marking the precise location of a nest to
the map, using GPS coordinates. The accuracy of the nest location assignment will be rec-

orded, and the acceptable accuracy limit can be adjusted according to the characteristics of

2 https://youtu.be/SOZIEIIf70
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the colony/landscape. Nest location accuracy can be improved after first recording during
follow-up visits to the nests. Created nests will appear on the application “Map” section as
location signs, the colors of which can be changed according to whether the nest has been
checked over required intervals, whether the nest belongs to an experiment or not, and other
fine-tuned characteristics of the nest. Information about the nest (e.g. species, nesting stage,
band numbers of parents and chicks, etc.) can be entered and edited. The nests can thereafter
be found on the map, which will simplify monitoring the colony. The colour of the nest
mark can be adjusted to change after daily checks, allowing simultaneous colony monitoring

with the app running in several field work phones at the same time.

The application allows to create, edit, and list nests. Nests can be added directly on the map
during field work with the “Add nest” button. When a nest is added, the nest will appear
automatically in all the devices using the app, and the app will recommend the next nest
number in line to be entered to the data base to all users. Specific nests can be found with
using the “Find nest” button, directing the researcher to a specific location on the map, but
also showing information linked with the nest number. Nests can also be filtered, for exam-

ple, to only show nests linked to an experiment.

As bird nests have parents and eggs, the application allows to monitor and record their sta-
tus. Egg status is linked to the nests, and can be updated over the needed intervals (e.g. daily
nest checks). Recording when the egg was laid, but also egg fate (when and whether the egg
is hatching, hatched, predated or lost), can give valuable information about the breeding
success of the colony. Nest parents are linked to a bird in the “Bird” collection allowing to

record new information on subsequent sightings.
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Under the “Data” button of the app, nests, experiments and birds are listed. Bird details can
include, among others, band number, banding date, species, banding person, age, breeding
status updated based on nest status, etc. When banding the birds, band numbers will be
synchronized between devices using the app, and the next band number will appear as a
recommended entry to all devices. This allows synchronous banding data entry. Bird data
can also be linked with historical data files about the same bird from the previous field work
season. In addition, the Export Data feature allows to export data to an Excel file. This is

available to administrator users under the “Data” button in the application.

The Experiment management feature of the application accessible also through the “Data”
button allows to add, edit, and list experiments. Experiments can be limited to certain areas
of the colony, or to specific listed nests. Several experiments can be running on the colony
and application simultaneously. Experimental nests can be searched from the “Find nest”

feature, and will appear on the map with designated color.

The Statistics feature allows to view basic ringing statistics related to the colony for the
ongoing, but also previous/historical years, if responding databases are linked with the ap-
plication. Statistics can be filtered based on year, day, and users. Information based on nests
of different species, or based on banded birds of different species, will appear on the map,

or as lists.

Finally, the User management feature allows to sign in and out, and manage users. Different
status of users can be assigned, with administrator users having more rights than regular
users. The person who creates a Firebase project for a specific colony will automatically

become the administrator, and will have the rights to add and manage users to their project.

3.3 New Instance Setup

To set up the Bird Colony application for use in a specific seabird colony, there are two
main approaches outlined more clearly in the project readme.md*?. In short, for those ecol-
ogists unfamiliar with programming the simplest option is to contact me, so I can configure
the app for their particular colony. This option allows users to download and use the app
directly from the Google Play Store?> without requiring technical setup. Alternatively, a web

version of the application is available for them at https://managebirdcolony.web.app

24 https://github.com/rix133/flutter_bird_colony/blob/main/README.md

25 https://play.google.com/store/apps/details?id=ee.ut.adapt.flutter_bird colony
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providing access to the app's functionalities from any device with an internet connection.
This method is suitable for users who prefer a straightforward setup process without dealing

with the technical intricacies of configuring Firebase and Flutter.

For those who prefer an independent setup or wish to customize the app, the process in-
volves several steps and some familiarity with Flutter and Firebase. After installing Flutter
and its command-line tools, users need to clone the project repository and install dependen-
cies using flutter pub get. A Firebase project must then be created, and the google-ser-
vices.json file should be added to the android/app directory to link the app with the Firebase
backend. Additionally, the firebase options.dart file is generated using Firebase tools and
placed in the 'lib" directory. Users must also configure the key.properties tile to include

release key information and the Google Maps API key for map functionalities.

Additional setup steps include configuring Firestore indexing for the ‘egg” collection and
implementing Firestore security rules to restrict access to authorized users. The app also
relies on various dependencies such as geolocator, firebase core, cloud firestore, fire-
base_auth, and google maps_flutter, making proper configuration of these packages essen-
tial for a fully functional app. This independent setup offers flexibility and full control over
the app's environment, making it ideal for advanced users or developers looking to integrate

additional features or modify the existing toolset.

3.4 Formal Testing

To ensure the app's functionality and reliability, a set of test cases has been developed to
obtain code coverage of about 90%26. These tests can be executed using the 'flutter test'
command. The project also utilizes Github Actions to ensure that tests are automatically run
and code coverage is monitored with each update to the codebase?’. As can be verified from
the git history, tests were added after the initial development to get to 90% of line coverage.
Subsequent bugs were then addressed with a test first development practice. While path
coverage is not formally addressed, care was taken to ensure that all of the most frequent
usage scenarios in the field are covered by tests. A generalized set of testing scenarios im-

plemented is outlined in Table 3. These scenarios encompass diverse functionalities,

26 https://app.codecov.io/gh/rix133/flutter_bird_colony

27 https://github.com/rix133/flutter_bird_colony/blob/main/.github/workflows/codecov.yml
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including managing experiments (such as loading and editing experiments, customizing ex-

periment details, and navigation to related entities), species management (covering creation,

serialization, and filtering of species data), and handling of egg and bird management tasks

(including banding, serialization, and deletion functionalities). Additionally, tests cover Ex-

cel output for various data types (e.g., experiments, nests, species) and Firestore operations,

ensuring that changelog downloads are handled accurately. For the complete set of tests

implemented, please refer to the source code available in GitHub.

Table 3: Categorization of test cases for the application, organized by functionality

Category

Test Cases

Nest

Management

Egg

Management

Bird

Management

» Ul Elements: Display add egg and add parent buttons; Display nest details in-
cluding species and eggs

» Navigation: Navigate to edit egg; Navigate to nest after saving/deleting egg;
Navigate after saving/deleting nest (with or without validation errors); Go to
edit bird when add parent/egg is pressed/long pressed

* Notes Management: Add new note on egg and nest when requested

» Egg Model Tests: Egg creation with required parameters; Egg ringed status

based on ring value; Egg serialization to JSON; Egg knownOrder determina-
tion; Egg type determination; Egg getAgeRow method; Egg statusText for vari-
ous statuses

* Nest Interaction: Navigate to edit egg from nest; Navigate to nest after sav-
ing/deleting egg; Add new note on egg when requested

» Band Management: Allow editing band on egg; Set next band on egg; Update

nest chick egg when bird band is changed; Update nest egg ring when bird band
is changed

* Deletion: Delete bird artifacts from egg (chick/egg artifacts)

* Loading Birds: Load edit bird without arguments; Load with nest and egg/par-
ent; Load with bird; Load default bird when not found; Load bird without band;
Display metal band

* Editing Birds: Allow edit band on egg; Change bird species; Show/hide
measures after band input

* Saving Birds: Set next band on egg; Save next band to local storage; Save

color band on existing/new parent; Save nest on new parent after alert dialog;
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Category

Test Cases

Map
Markers

Experiment

Management

Species

Management

Update parent nest and year after alert dialog; Handle not saving new parent if
band exists; Update color band on nest parent; Raise alert dialog when over-
writing existing bird

* Deleting Birds: Delete bird and associated artifacts (chick bird artifacts from
egg, egg bird artifacts from egg, parent bird artifacts from nest)

* Changing Bird Bands: When bird band is changed, handle deletion of old bird
and saving of new bird; Update nest parents and chick egg accordingly; Update
nest egg ring

» Adding Notes: Add note to bird saved with default settings or auto-assign next
bands

* Model Tests: Create MarkerColorGroup with magenta color; Convert Mark-
erColorGroup to/from JSON; Get MarkerColorGroup from JSON when color is
int; Update color when setColor is called; Return correct color when getColor is

called

» Experiment Dropdown Widget: ExperimentDropdown widget functionality

» Loading Experiments: Load new experiment; Edit existing experiment;

Change experiment type to bird

» Experiment Modifications: Add new nest to experiment; Add new bird to ex-
periment; Remove existing nest from experiment; Delete existing experiment;
Save experiment measures to Firestore

» Experiment Customization: Pick experiment color; Add new measure to exist-

ing/new experiment
* Navigation: Go to nest editing from experiment; Go to bird editing from ex-

periment

* Species Model Tests: Species creation from English name; Species equality

and inequality; Species band letters (including unknown species); Species seri-
alization to/from JSON; Species created date property handling; Species delete
method behavior; Species changeLog returns sorted list; Get Species.empty
when input is null

* Local Species List Tests: Creation and copy methods; Name properties (local

vs. English name); Get species by English name (case insensitive); Get species

by species object
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Category Test Cases

» Ul Tests: ListSpecies displays species list; Navigates to edit species on tap;
Filters species by name; Opens/closes filter dialog; Shows alert dialog when list

tile is tapped

Defaults * Default Camera Position: Update default camera position in Firestore when

Updates default settings are saved; Update default camera position in SharedPrefer-

encesService when default settings are saved

3.5 Real World Usage

The current software was tested from April to June 2024 for monitoring a seabird breeding
colony located on Kakrarahu islet in Matsalu National Park, on the west coast of Estonia
(58°46' N, 23°26' E). Each year, several seabird species are nesting on the islet, including
common gulls, herring gulls (Larus argentatus), mute swans (Cygnus olor), common
(Sterna hirundo) and arctic (Sterna paradisaea) terns, and a few great cormorants (Pha-
lacrocorax carbo). The main target species for the studies on the islet has been common
gulls, who have been monitored on the islet for nearly 60 years, and due to their site fidelity
and as a result of continuous banding of the hatching chicks, the exact ages of many of the
birds in the colony are known, as is the pedigree data and breeding success for the previous

years for each bird.

During the field season, researchers walk through each section of the islet using line tran-
sects to screen the colony. Each new nest is assigned a unique ID and marked with a wooden
pole or rock, while the app records the precise GPS location and metadata, including the
laying date and egg status. Eggs in common gull nests are monitored throughout the season,
and their status is updated using predefined categories such as “crack,” “small hole,” “me-
dium hole,” “big hole,” “hatched,” “lost,” or “predated.” Custom labeling is also allowed
for more detailed notes if needed. This detailed tracking would not be possible without the

app’s ability to handle data through classes like Nest, Egg, and Species, which are structured

to store a variety of attributes and status information.

In cases where parents are already banded and can be identified, their IDs are linked to the
nest within the app, providing an extensive database for pedigree analysis. When chicks
hatch, they are banded on the first day, and the application immediately updates the nest

record with the new band ID. The editing screens are central to handling these updates,
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leveraging the services to ensure seamless synchronization between local changes and the

central Firestore database.

In this colony, the numbers of breeding common gulls, but also other breeding bird species,
have increased continuously over the decades. For example, when in 1970s the number of
common gull nests on the islet were around a hundred, it increased to several hundreds in
the 00s and is now more than 1200. At the same time, extreme weather events have become
more common, resulting with large fluctuations of breeding success of common gulls on the
islet. In parallel to the changes in climate competition within and between species has in-
creased dramatically in the colony. All these phenomena, linked possibly with anthropo-
genic environmental change, can be monitored to record fitness effects, if the tools are avail-
able to cover this large colony. While field work diaries were used for monitoring the colony
until 2018, it was very apparent that this method does not allow to cover the whole islet, and
while the whole colony was monitored in 80s and 90s, starting from 2000s, more and more
nests fell out of the continuous monitoring scheme. With the introduction of the software, it
has been again possible to cover the whole colony, to understand the impact of environmen-
tal conditions on the breeding success and survival of seabirds. Moreover, in addition to

common gulls, other species’ nests have also been marked more efficiently.

In 2024 the application was tested for usage in the abovementioned islet. Two android
smartphones (Doogee S86 and DOOGEE S89) were used for testing (some other i0S and
Android devices were also used occasionally). Ten different individuals participated in test-
ing. These participants included both experienced and novice fieldwork assistants. Issues
encountered during testing were reported either through private communication or directly
added to GitHub as issues by the user. I then classified and addressed the issues as needed
within a few days (as can be seen from the git commit log). Occasionally I also participated
in fieldwork, recording any problems encountered during real-world use and identifying
potential enhancements to improve the application's performance and usability. This itera-
tive testing and feedback process ensured the application was well-adapted for its intended
field environment and robust against diverse usage scenarios. In 2024 a total of 2121 nest
positions were recorded for different bird species (1253 common gulls, 25 herring gulls, 55
mute swans, 242 common and 384 arctic terns, and others species) with the application. In
comparison, in 2022 and 2023 in total 1326 (1205 common gull) and 1540 (1121 common

gull) nest positions were recorded respectively. Although field conditions are somewhat
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different each year, it is plausible that the most recent rewrite of the application in 2024 also

enabled researches to be more efficient on the islet in 2024 than in previous years.

3.6 Future Directions

While the developed Bird Colony Management application has proven useful in real word
contexts, there are numerous issues for enhancements already raised in Github®®. Future
work should concentrate on expanding the application's features to enhance user experience,
data accuracy, and overall functionality as well as making data available for a wider research

community.

The to be added app features should include implementing advanced search options like a
nearby nest search and a "Find Bird" feature to help users access parent data more effi-
ciently. Also developing tools such as data correction interfaces and a restore nest or egg
previous state features would enable users to maintain data integrity and streamline acci-
dental data input errors fixes. Enhancements to database robustness and the introduction of
custom map overlays would improve performance and usability, especially in areas with
insufficient satellite imagery. Enabling offline functionality would allow the app to operate
without internet access, syncing data when connectivity is restored. Furthermore, integrating
the option to add images to nests, birds, and eggs would significantly enhance the applica-
tion's utility and user engagement. By allowing users to upload and associate photos with
specific data entries, the app would provide a way to design experiments where visual data
input would be easier. This feature would be particularly beneficial for tracking individual
animals over time, analysing egg texture variability, studying morphological changes, and
sharing observations with the research community. However, the current design is opti-
mized for cost-effectiveness, and adding features that require more bandwidth and storage

capacity would possibly increase the price for the application owner.

In addition, developing an automated system to make data openly available on platforms
like PlutoF?® or GBIF*® would promote data sharing and collaboration within the scientific
community. By implementing data export functionalities or integrating APIs, the applica-

tion could seamlessly transfer collected data to these global biodiversity databases. This

28 https://github.com/rix133/flutter_bird colony/issues

2 https://plutof.ut.ee/

30 https://www.gbif.org/
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integration would not only increase the visibility and accessibility of the data but also con-
tribute to larger-scale ecological studies, biodiversity assessments, and conservation efforts
worldwide. Automating this process ensures consistent data updates, reduces manual work-
load, and fosters a more collaborative and efficient research environment by adhering to

open data principles.
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4 Conclusions

This thesis introduces the Bird Colony application—a standardized, user-friendly tool de-
signed to streamline data collection and management in seabird colony monitoring. Through
a review of traditional and modern data collection methods, it was identified that while ad-
vancements like UAVs and GPS tracking have improved monitoring capabilities, they often
have limitations such as high costs, technical complexities, and data fragmentation. Existing
software tools may lack specific functionalities required for seabird research or are not

widely adopted due to accessibility issues.

The development of the Bird Colony application using Flutter and Firebase provides a tool
for seabird ecologist that can potentially enhance their fieldwork efficiency. Flutter's cross-
platform capabilities and user-friendly interface ensure a consistent experience across de-
vices, while Firebase's real-time database and secure data storage facilitate immediate data
synchronization among researchers and fieldwork assistants. The application's functionali-
ties—including precise nest mapping, real-time data entry, and experiment management—

aim to address the specific needs of seabird colony monitoring.

Field testing on Kakrarahu islet has demonstrated the application's practical utility. The Bird
Colony app enabled comprehensive monitoring of over 1,000 common gull nests in 2024,
improving data coverage compared to previous years. This enhanced data collection capa-
bility is useful for assessing breeding success, egg survival rates, and responses to environ-
mental stressors, particularly in the context of environmental changes impacting seabird

populations.

By facilitating standardized data collection and promoting data sharing, the Bird Colony
application has the potential to benefit seabird research. It addresses some limitations of
fragmented datasets and specialized equipment, potentially making comprehensive moni-
toring more accessible to researchers with varying resources. The application's open-source
nature allows for customization and collaborative improvements, which may foster a com-

munity-driven approach in the future.

The Bird Colony application represents a step forward in seabird monitoring and conserva-
tion efforts. Its adoption could lead to improved recording practices, standardized data anal-
ysis, and better accessibility to individual-specific spatial data. Future work should focus on

addressing user provided feature requests, especially aiming to enhance data accuracy and
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openness. Some effort is needed to introduce a way to make data collected with the appli-

cation publicly available in an open database.

In conclusion, the Bird Colony application contributes to the field of ecological research
and conservation by providing a tool to streamline data collection and encourage collabora-
tion. By improving the efficiency of seabird monitoring, it may assist in the broader goals
of biodiversity conservation. Continued development and adoption of this tool could have a
positive impact on understanding and preserving seabird populations in the context of envi-

ronmental changes.
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Appendix

I. Example Microsoft Copilot Prompt for Text Ameliorating

An example of a prompt provided to Microsoft Copilot Enterprise version on 7" of Novem-
ber 2024 based on OpenAl GPT-4 architecture, logged in as Richard Meitern Tartu Univer-

sity account.
Propt by me:

Please fix the language and style of the following paragraph for a thesis inclusion, re-
tain all references. Also highlight if something seems missing and what the next para-
graph should talk about: Artificial intelligence (Al) tools were used in the creation of this
thesis. For code writing I utilized Android Studio with Github Copilot auto-completion fea-
tures enabled. The exact versions of the Github Copilot used can be deduced by comparing
the git commit history with the release schedule of Github Copilot. For the creation of thesis
text passages, I followed a procedure where I first wrote the paragraph with adding refer-
ences and then prompted Bing Copilot in "Protected” mode with option use GPT-4 and
conversation style “Precise” enabled to fix language and asked for advice about next step.

Answer by Copilot:

Here’s a refined version of your paragraph:

Artificial intelligence (Al) tools were instrumental in the creation of this thesis. For code
writing, [ utilized Android Studio with GitHub Copilot’s auto-completion features enabled.
The exact versions of GitHub Copilot used can be determined by comparing the git commit
history with the release schedule of GitHub Copilot. For the creation of thesis text passages,
I followed a procedure where I first wrote the paragraph, including references, and then
prompted Bing Copilot in “Protected” mode with the option to use GPT-4 and the conver-
sation style set to “Precise” to fix the language and seek advice on the next steps.

Suggestions:

. Missing Information: It might be helpful to specify the exact versions of Android Studio
and GitHub Copilot if possible. This adds clarity and precision to your methodology.

. Next Paragraph: The next paragraph could discuss the specific benefits and challenges
encountered while using these Al tools. This would provide a deeper insight into their
practical application and effectiveness in your research process.

Would you like any further adjustments or additional suggestions?
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