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Resumo

Embora a estimativa da biodiversidade aponte para cerca de 50 milhões de espécies em todo o

mundo, apenas 4% se encontram documentadas. As bases de dados, estruturas e normas existentes

para registar e fornecer a taxonomia das espécies de biodiversidade mundial continuam a ser de

utilização complexa e exigem um elevado nível de especialização na área. Num esforço para aprox-

imar a normalização terrestre e aquática no reporte da biodiversidade, esta dissertação apresenta

uma interface de back-o�ce baseada na web, que facilita o reporte e a taxonomia dessas espé-

cies. A ferramenta proposta inclui Interfaces de Programação de Aplicações (APIs) interoperáveis,

permitindo a integração centralizada de informação como espécies, ocorrências, taxonomia e refer-

ências, oferecendo ao utilizador �nal uma personalização de fácil utilização. O sistema é validado

por um especialista na área da biologia, recorrendo a metodologias ágeis de desenvolvimento de

software. O sistema contribui assim para a interoperabilidade global, facilitando o reporte e a

taxonomia de todas as espécies de biodiversidade.

Keywords: Classi�cação da Biodiversidade, Taxonomia, Base de Dados Interoperável, Registo de

Espécies, Interface Web



Abstract

While the estimate of biodiversity suggests 50 million species worldwide, only 4% of them remain

documented. Existing databases, frameworks and standards to report and provide taxonomy of

worldwide biodiversity species remain cumbersome to use and require signi�cant need for domain

expertise. In e�ort to bridge the terrestrial and aquatic standardization for reporting biodiver-

sity, this dissertation provides the web-based back-o�ce interface, facilitating the reporting and

taxonomy of such species. Proposed tool comes with the interoperable Application Programming

Interfaces (APIs), allowing the centralized integration of information such as species, occurrences,

taxonomy and references, providing easy-to-use customization to the end user. The system is vali-

dated by domain expert in biology using the agile software development methodologies. The system

contributes in providing the overall interoperability, facilitating the reporting and taxonomy of all

biodiversity species.

Keywords: Biodiversity Classi�cation, Taxonomy, Interoperable Database, Species Register, Web-

Based Interface
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1 Introduction

1.1 Current Context of the Research, Motivation, and Problem

Speci�cation

Biodiversity documentation of our planet´s species still remains very lacking, with estimates of

total number of species on Earth ranging between 5 million to 50 million, and only about 1.7 to 2

million species formally described and cataloged to date [1]. This discrepancy highlights just how

big and complex can life on Earth be, as well demonstrates how challenging can be stundying and

documenting biodiversity. Also much of the world´s biodiversity is located in certain locations,

such as the Amazon basin, Southeast Asia, and Central Africa, which are often hard to access,

politically unstable, or a lack of appropriate research infrastructure. Traditionally the process of

classifying species, known as taxonomy, relies on careful morphological analysis, extensive �eld-

work, laboratory genetics, and anatomical veri�cation. These methods, while very accurate and

rigorous, are slow, resource intensive, and highly dependent on a small and decreasing number of

taxonomic experts worldwide [2]. Many institutions have seen a decline in taxonomic experts, as

less students enter the �eld and funding is cut to focus in molecular or high-throughput disciplines

over classical taxonomy. Also with the impact of global warming, ecosystems are changing rapidly,

with changes in temperature, rain patterns, and habitats, entire species are being disrupted or in

the worst cases driven to extinction faster than they can be discovered and documented [3]. The

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) warns

that up to a million species may be at risk of extinction within decades unless changes occur in the

way humanity interacts with nature. This urgency highlights the need for tools and systems that

can help streamline, scale, and improve biodiversity documentation. Emerging technologies like

arti�cial intelligence (AI), cloud computing, mobile data collection, and citizen science platforms

o�er promising solutions, but unless these tools are made accessible, standardized, and interopera-

ble across ecological and institutional boundaries, they risk replicating existing silos or reinforcing

biases toward well-known taxa and regions.

1.2 Project Relevance

The decline in biodiversity documentation has signi�cant implications for conservation biology,

ecosystem management, and our understanding of life on Earth. So to try to address this issue,
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several platforms have emerged in recent years to facilitate biodiversity documentation, making

it more scalable, participatory, and data-rich. Every single one has its own approach and focus,

some focus on mobily technology, others on clould infrastructure, others in arti�cial intelligence,

and engaging citizen scientists to contribute. Some examples of platforms are INaturalist, for

mobile technology and citizen science [4�6], eBird for bird observations [7], Pl@ntNet for plant

identi�cation using machine learning [8], Happy Whale for whale identi�cation using computer

vision [9], and CoralNet for coral reef monitoring [10]. A number of institutions have also emerged

to provide standardization and aggregation of biodiversity data, such as Darwin Core [11], GBIF

(Global Biodiversity Information Facility) [12], OBIS (Ocean Biodiversity Information System) [13],

WoRMS (World Register of Marine Species) [14], and the Catalogue of Life [15]. These platforms

and tools like Specify1, Arctos [16], and Turboveg [17] have their strengths and limitations, but

they represent a fragmented �eld, with solutions that are often very domain-speci�c or di�cult

to use and understand. What is needed is a cohesive and integrated framework that provides a

simple platform that biologists can use to help them organize and document their �ndings helping

improve their work�ows, so that taxonomic veri�cation can be done more e�ciently.

1.3 Objective and Preview of the Proposed Work

The goal of this dissertation is to design and implement a web-based biodiversity data framework

that helps address the problem of documenting biodiversity data. Existing platforms have made

signi�cant improvements in helping identify and handle biodiversity data, but they often have

limitations in terms of scope, usability, or interoperability. So this project aims to create a uni�ed

platform that integrates both terrestrial and aquatic taxonomies within a single interoperable

system, allowing for a better organization and management of biodiversity data across di�erent

domains. The proposed framework builds upon established standards such as Darwin Core to

ensure data consistency and compatibility with global biodiversity infrastructures. A system that

emphasizes usability, modularity, and scalability, making the platform easy to understand and user

friendly. Such platform can help experts, by streamlining their work�ows by organizing, simplifying,

and improving the e�ciency of their documentation process. This way improving the overall quality

and accessibility of biodiversity data, which contributes to better conservation e�orts improving

the global understanding of biodiversity patterns and trends.
1https://www.specifysoftware.org/
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1.4 Document structure

This dissertation is structured as follows:

Chapter 1 introduces the research problem, establishes its relevance, and outlines the disserta-

tion goals and structure.

Chapter 2 surveys the existing landscape of biodiversity documentation tools and standards,

highlighting their strengths and limitations.

Chapter 3 presents the design and architectural principles of the proposed system, including

integration strategies for cross-domain taxonomies.

Chapter 4 details the implementation process, with attention to both technical components and

user interface considerations.

Chapter 5 describes the validation methodology, reports on collaborative feedback, and evalu-

ates system performance.

Chapter 6 concludes with a discussion of the project.



4

2 Related Work

Biodiversity systems are critical tools for the global e�ort to understand, conserve, and sus-

tainably manage the planet's biodiversity. In an era where global warming is rapidly changing

ecosystems, species are going extinct at alarming rates, so the need for biodiversity information

systems that can provide the necessary infrastructure for scienti�c research, conservation, and eco-

logical monitoring is more important than ever. With the evolution of biodiversity science into

the modern era of digital information and big data, the need for scalable and interoperable digital

platforms has become necessary. Over the past decades, a wide range of digital infrastructures

and platforms have been developed to document and integrate biodiversity data into the digi-

tal information space. These systems vary widely in terms of their scope, scale, and user base.

Large institutional repositories like the Global Biodiversity Information Facility (GBIF) [12, 18],

the World Register of Marine Species (WoRMS) [14, 19], and the Ocean Biodiversity Information

System (OBIS) [13, 20] focus on aggregating and standardizing occurrence and taxonomic data,

providing an essential repository for biodiversity research. Platforms for citizen science like iNat-

uralist [4�6] have emerged to complement institutional e�orts, expanding data collection through

participatory monitoring. In more recent years, with the rise of arti�cial intelligence (AI), platforms

like FathomNet [21, 22] have introduced recognition tools that facilitate image identi�cation. All

these systems and others have their own strengths and weaknesses, which will be explored in the

following sections.

This literature review combines both traditional academic resources and AI-assisted research

tools to ensure a in depth coverage. Peer-reviewed articles and conference proceedings were ac-

cessed through databases such as Google Scholar2 and the ACM Digital Library3. Complementary

searches were conducted using AI (Arti�cial Intelligence) -powered assistants including Phind4 and

Research Rabbit5, which facilitated the identi�cation of emerging themes and interconnections

among publications. Reference management and citation integration were supported by Zotero6.
2https://scholar.google.com/
3https://dl.acm.org/
4https://www.phind.com/
5https://www.researchrabbit.ai/
6https://www.zotero.org/
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2.1 Specify

One of the most established software packages for managing biodiversity data is Specify7 , an

open-source platform developed by the Specify Collections Consortium, originating at the Univer-

sity of Kansas Biodiversity Institute. First released in the 1990s, Specify was designed to manage

biological specimen collections in museums, herbaria, and similar institutions. It provides com-

prehensive functionality, including specimen tracking, hierarchical taxonomy management, custom

reporting, and integration with external biodiversity networks such as GBIF. Its robust relational

database design allows for handling large and complex datasets, making it essential for institu-

tions with extensive collections. Specify supports curators, collection managers, and researchers

in making biological collections more accessible, searchable, and scienti�cally valuable. Despite

its technical strengths, Specify has notable limitations. Its steep learning curve and dependence

on database knowledge can be barriers for smaller institutions or those without dedicated IT

sta�. Documentation is not always comprehensive, and real-time support may be limited out-

side the Specify Consortium. The user interface is considered outdated, lacking modern usability

features, which can reduce e�ciency when managing extensive datasets or complex taxonomies.

Furthermore, Specify requires local installation or institutional servers, complicating deployment,

maintenance, data backup, and upgrades, particularly for resource-limited institutions. Although

supported by an open-source consortium of around 70 institutions, development can be slow due

to resource constraints, community prioritization, and funding cycles, limiting responsiveness to

evolving user needs or new standards. Nonetheless, Specify's architectural integrity, adherence to

global biodiversity standards, and ability to manage large biological collections o�er a valuable

reference. For this dissertation, Specify serves both as a benchmark and a cautionary example.

The proposed platform aims to preserve Specify's scienti�c rigor and data durability while improv-

ing usability, accessibility, and interoperability using modern web-native technologies, creating a

solution suitable for institutional use and broader community engagement.

2.2 iNaturalist

iNaturalist is a prominent citizen science platform for global biodiversity monitoring, originally

created in 2008 at the University of California, Berkeley, and adopted by the California Academy

of Sciences in 2011 [4�6]. The platform allows users to upload images of organisms with metadata

7https://www.specifysoftware.org/
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such as location and date. Identi�cations are generated through a hybrid AI-human system, and

when consensus is reached, observations achieve "research-grade" status and are integrated into

global databases like GBIF [5]. iNaturalist supports a broad taxonomic range�including birds,

fungi, insects, plants, and indirect evidence like tracks�and facilitates collaborative identi�cation,

taxonomy discussions, and ecological learning [4, 5]. The platform is widely used for education,

providing opportunities to teach biodiversity, ecological literacy, and digital skills. Projects and

custom data �lters allow �exible organization of observations for research, institutional, or personal

goals [4]. However, iNaturalist faces challenges. Species identi�cation accuracy depends on image

quality, community expertise, and AI limitations, especially for obscure or hard-to-photograph

taxa [4]. Geographic and taxonomic biases arise from uneven smartphone access and photogenic

species preference [6]. AI models may over-represent common species, and indirect evidence remains

di�cult to classify [5]. Accessibility issues exist for users in under-resourced regions or those less

familiar with mobile apps, and privacy concerns can arise from public geolocation. Pedagogically,

over-reliance on AI may reduce learning of traditional identi�cation skills, suggesting a blended

approach combining digital tools with classical methods [4]. Despite these limitations, iNaturalist

demonstrates a successful integration of intuitive interfaces, AI, and community validation for

scalable biodiversity data. By 2022, it had accumulated approximately 129 million observations

from 6 million users, with new species attaining research-grade status every 1.7 hours [4, 5]. Its

open-data model and real-time integration with biodiversity systems make it both a scienti�c and

educational resource, o�ering a replicable model for inclusive, user-centered biodiversity platforms.

2.3 Monicet

Monicet8 is a long-term monitoring system for cetacean sightings in the Azores, initiated in

2009 with support from the Azores Government to leverage whale watching for scienti�c data

collection [23]. The project partners scientists and tour operators to produce high-quality, stan-

dardized biodiversity data that meet regulatory, operational, and research needs. Between 2009

and 2020, Monicet compiled over 37,000 sightings of 25 marine species across four islands [23].

Data are collected systematically by trained observers following established protocols, starting

with land-based spotters directing boats, and then guides recording species, behavior, group struc-

ture, environmental conditions, and GPS coordinates [23]. Data is uploaded to an online database,

8http://www.monicet.net/

http://www.monicet.net/
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validated by a centralized team, and structured according to Darwin Core Archive standards,

with whale-watching trips as parent events and individual sightings as nested events. Then this

dataset is shared with global repositories like GBIF, OBIS, EMODnet (European Marine Obser-

vation and Data Network), and IPT (Integrated Publishing Toolkit) [23]. Monicet's success lies

in its ability to produce high-quality, geographically targeted data at low operational cost while

integrating commercial, governmental, and scienti�c goals. However, limitations include the lack

of quanti�able observation e�ort, potential misidenti�cation of species, biases in behavioral obser-

vations, inaccurate group size estimates, possible duplicate sightings, and occasional errors during

manual data entry [23]. Despite these constraints, Monicet exempli�es professionally facilitated,

location-speci�c citizen science and provides a replicable model for incorporating tourism-based

wildlife observations into long-term biodiversity monitoring.

2.4 Dive Reporter

Dive Reporter o�ers an innovative strategy combining structured protocols and crowd-sourcing

aimed at the recreational dive industry. Created by Wave Labs 9, this mobile app aims to involve

dive guides and SCUBA divers in the systematic collection of marine species occurrence data using a

semi-structured approach [24]. Region-speci�c checklists of ecologically important taxa are initially

created by marine biologists and afterwards utilized by dive operators to aid post-dive interviews.

Divers note the abundance of various species on a �ve-step abundance scale, reducing subjectivity

and enabling consistency between dives [24]. The application also records metadata like dive sites,

number of divers, and dive time, enabling normalization of e�ort at observation�a factor usually

missing from conventional citizen science platforms. All observations that are recorded are kept

in Wave Labs' centralized database, enabling visualization, analysis, and integration into larger

ecological research. The platform enables temporal and spatial analysis, quality control processes,

and the capacity to detect biodiversity hot spots or temporal trends [24]. There are, nevertheless,

limitations to Dive Reporter. Misidenti�cation of species is a signi�cant issue, especially since

the divers do not need to provide photographic proof, as it is usually impossible under water

conditions. Information quality mostly depends on the expertise of the diver and the interpretive

abilities of the dive guide. Furthermore, reporting bias may arise where divers provide selective

reports of charismatic or notable species (e.g., sharks or groupers) and ignore less well-known taxa

9https://wave-labs.org/
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like invertebrates or algae. While early user feedback has been good, the site remains reliant on the

ongoing enthusiasm of dive operators, who may have con�icting operational responsibilities. Such

factors may result in variability in both the amount and frequency of data over time. Yet, Dive

Reporter illustrates the potential of rigorous methodology and targeted engagement strategies to

enhance biodiversity data collection in long-overlooked marine ecosystems. This case is signi�cant

in that it represents an example of trading o� methodological rigor with user ease, a fundamental

rule of system design that is both scienti�cally relevant and widely accessible.

2.5 HappyWhale

HappyWhale10 is a web-based platform for photographic identi�cation and long-term tracking

of whales and dolphins, founded in 2015 with the dual goals of engaging citizen scientists and pro-

viding high-quality, low-cost data for marine conservation [9]. Contributors�including researchers,

tourists, and naturalists�submit photos of whale �ukes or dorsal �ns, which are processed by an

automatic image recognition algorithm adapted from the IBEIS (Image-Based Ecological Infor-

mation System) project. Images are preprocessed for optimal recognition, then compared against

a curated global reference catalog [9]. Matches trigger automatic noti�cations summarizing the

whale's history, migration, and behavior. Unmatched images undergo manual veri�cation by re-

gional specialists, which ensures data integrity but constitutes a work�ow bottleneck [9]. By April

2017, over 41,000 images had been submitted by more than 1,000 contributors, with numbers

growing steadily [9]. The platform enables long-distance matching between geographically dis-

persed datasets, linking sightings across regions like the U.S. West Coast, Alaska, Baja California,

and Hawaii. Researchers can access curated encounter records under �exible, mostly open-access

licensing [9]. HappyWhale's rapid identi�cation capability also supports time-sensitive interven-

tions, such as whale entanglement responses. Limitations include dependency on image quality,

narrow taxonomic scope, uneven contributor distribution, and biases toward charismatic species.

Despite these constraints, HappyWhale demonstrates the value of combining algorithmic process-

ing, human veri�cation, and public engagement to create a globally accessible, scienti�cally robust

citizen science platform [9].

10https://happywhale.com/about

https://happywhale.com/about
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2.6 FathomNet

FathomNet is an open-access, machine learning�enableable image database designed to leverage

AI for ocean exploration, marine ecology monitoring, and conservation [21, 22]. It addresses the

challenge of processing the large volumes of underwater imagery collected by research cruises by

normalizing, annotating, and curating datasets for AI training in tasks such as organism detec-

tion, classi�cation, and behavioral analysis. Developed collaboratively by MBARI (Monterey Bay

Aquarium Research Institute), MIT Media Lab, CVision AI Inc., and NOAA (National Oceanic

and Atmospheric Administration), FathomNet uses a relational database structured along Dar-

win Core standards, ensuring interoperability with international biodiversity repositories such as

WoRMS [22]. Data is accessible via a REST API and web interface11. The platform employs a hi-

erarchical concept tree adapted from MBARI's Video Annotation and Reference System (VARS),

organizing data by taxonomy, equipment, substrate, and anthropogenic materials [21]. This struc-

ture supports diverse applications including habitat mapping, pollution monitoring, and species

inventories. FathomNet incorporates over 30 years of imagery from MBARI, National Geographic,

NOAA, and autonomous platforms, augmented with expert annotations and bounding boxes to

facilitate AI training and ecological interpretation [21,22]. Metadata�such as timestamps, depth,

geolocation, imaging modality, and bounding boxes�enhances machine learning and broad ecolog-

ical analyses. Challenges remain, including obtaining detailed, taxonomically accurate annotations

and managing variability in underwater imagery (e.g., lighting, species density, and angles). De-

spite these limitations, FathomNet exempli�es scalable, cross-disciplinary ocean observation infras-

tructure, integrating expert-curated data with global standards to support AI-driven biodiversity

monitoring [15,25,26].

2.7 Darwin Core

Darwin Core12 (DwC) is a widely adopted metadata standard for sharing, discovering, and in-

tegrating biodiversity data, particularly species occurrence records [11,27]. It provides a structured

vocabulary with clear semantics, documenting the who, what, when, and where of observations and

specimens. Originating in 1999 through the Darwin Core Task Group under TDWG (Taxonomic

Databases Working Group), the standard was formally rati�ed in 2009 after iterative community

11https://database.fathomnet.org/fathomnet/#/
12https://dwc.tdwg.org/

https://database.fathomnet.org/fathomnet/#/
https://dwc.tdwg.org/
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development [11]. DwC organizes terms into conceptual categories such as event, location, oc-

currence, taxon, and identi�cation. Each term has semantic clarity to ensure consistency across

datasets and platforms, promoting interoperability [11]. Its design is minimal yet �exible, allow-

ing data publication in formats like CSV (Comma-Separated Values), XML, JSON, and RDF. The

Darwin Core Archive (DwC-A) is the most common implementation, packaging core and extension

�les in a star schema for modular, extensible data [11]. Tools like GBIF's Integrated Publishing

Toolkit (IPT) facilitate publication, validation, and registration, while custom applications such as

Scratchpads extend the standard for domain-speci�c needs [11]. Limitations include the absence

of a formal ontology de�ning relationships between terms, which hinders integration with complex

datasets, linked data, or semantic web applications [27]. Data heterogeneity, inconsistent term us-

age, and varying DwC-A implementations also pose challenges. Specialized domains may require

non-standard extensions, which are not universally supported. Despite these issues, Darwin Core's

broad adoption by GBIF, iNaturalist, and the Biodiversity Heritage Library ensures compatibility,

interoperability, and reusability of biodiversity data [27]. Integrating DwC into information sys-

tems enables global dataset alignment, facilitating scienti�c discovery and the development of a

connected biodiversity informatics ecosystem.

2.8 Global Biodiversity Information Facility

The Global Biodiversity Information Facility (GBIF) is the world's largest open-access plat-

form for biodiversity occurrence data, established in 2001 to provide universally accessible data

for research, conservation, and policy [12, 18]. Operating as an international intergovernmental

organization, GBIF coordinates a distributed network of national and thematic data publishers,

aggregating records from museums, herbaria, research institutions, government agencies, and cit-

izen science platforms. Its web portal13 allows users to search, �lter, map, and download species

occurrence records, taxonomic checklists, specimen metadata, and observational datasets, sup-

porting applications such as species distribution modeling, ecological forecasting, and conservation

planning [18]. GBIF relies on open data standards, primarily Darwin Core and ABCD (Access to

Biological Collection Data), ensuring harmonization and integration of diverse datasets [18]. Tax-

onomic consistency is maintained through links to authoritative backbones like the Catalogue of

Life, Species 2000, and ITIS. GBIF emphasizes inclusivity, engaging over 60 countries and hundreds
13https://www.gbif.org/

https://www.gbif.org/
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of institutions, mobilizing both historical and contemporary biodiversity data, including records

from underrepresented regions [18]. Challenges include uneven taxonomic and geographic coverage,

data quality issues in identi�cation and geolocation, integration complexities due to varied sources,

and sensitive data management [12]. Legacy records and taxonomic concept discrepancies compli-

cate analyses, while sustainable operation depends on stable funding and continued institutional

support. Despite these limitations, GBIF provides foundational infrastructure for biodiversity re-

search.

2.9 Ocean Biodiversity Information System

The Ocean Biodiversity Information System (OBIS) is a global, open-access platform aggre-

gating marine biodiversity data, initiated in 1997 under the Sloan Foundation's Census of Marine

Life [13,20]. Designed as an electronic atlas of ocean life, OBIS integrates species occurrence data

with environmental parameters, supporting marine research, conservation, and resource manage-

ment. The platform links datasets from international partners adhering to common metadata,

taxonomic, and structural standards. Users can explore, visualize, and analyze marine biodiversity

patterns through a web interface14 , enabling research on species distributions, habitat shifts, inva-

sive species, and biodiversity hotspots. OBIS emphasizes data quality, employing expert-vetted

taxonomic identi�cations, controlled vocabularies, Darwin Core standards, and references like

WoRMS [13]. Its architecture supports dynamic data exploration, integration of datasets, spa-

tial queries, and tailored outputs. OBIS also contributes to global initiatives, including the Global

Ocean Observing System and the UN Decade of Ocean Science, and integrates with related plat-

forms like GBIF and OBIS-USA. Challenges include gaps in species-level geographic coverage,

particularly for benthic and deep-sea ecosystems, limited taxonomic resolution in some datasets,

and data fragmentation due to disparate formats or legacy storage [13, 20]. Data contributions

rely on voluntary submissions, which vary with funding and sta�ng. OBIS addresses this through

standardized metadata, persistent contributor recognition, and integration with other biodiversity

systems. Despite limitations, OBIS remains essential for marine biodiversity research, providing a

georeferenced and taxonomically rigorous foundation.
14https://obis.org/

https://obis.org/
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2.10 World Register of Marine Species

The World Register of Marine Species (WoRMS) is an authoritative, open-access database pro-

viding a standardized inventory of all published marine species names. Launched in 1997 as the

European Register of Marine Species (ERMS) and expanded globally in 2007, WoRMS is hosted by

the Flanders Marine Institute (VLIZ) [14,19]. Its mission is to maintain expert-validated taxonomy,

including accepted names and synonyms, supporting historical and comparative biodiversity anal-

yses. As of 2024, WoRMS contains over 460,000 taxonomic names, more than 368,000 species-level

combinations, and over 215,000 accepted marine species [14]. WoRMS uses a relational database,

Aphia, assigning each taxon a unique identi�er (AphiaID) and integrating with over 100 global,

12 regional, and 4 thematic species databases [14]. The platform provides ecological, geographic,

literature, and image metadata, and connects with major biodiversity initiatives such as COL,

EoL (Encyclopedia of Life), GBIF, and OBIS [28]. Tools include the Taxon Match Tool, search

engine, and APIs for programmatic access. WoRMS also supports UN Ocean Decade goals, data

rescue for legacy databases, and standardization across platforms [19]. Challenges remain, includ-

ing �lling taxonomic gaps, verifying publication metadata, georeferencing type localities, expanding

images, and sustaining community contributions [19]. Despite these, WoRMS serves as a global

taxonomic reference, for marine biodiversity and modeling initiatives, improving data reliability,

and supporting large-scale ecological analyses [15].

2.11 Catalogue of Life

The Catalogue of Life (COL) is a comprehensive, authoritative index of known species, es-

tablished in 2001 through a partnership between Species 2000 and ITIS [15, 26]. As of 2022, it

contained over two million accepted species names, compiled from taxonomic experts worldwide.

COL integrates Global Species Databases (GSDs), each curated by specialists, and serves as a

central taxonomic backbone for biodiversity research, environmental monitoring, and regulatory

frameworks [15, 26]. Species 2000 (1996) and ITIS (Integrated Taxonomic Information System

1996) laid the foundation for COL, providing standardized species indices and hierarchical classi-

�cations [15]. The 2020 launch of ChecklistBank, developed with GBIF and Naturalis, introduced

automation, stable identi�ers, and modern editorial tools [15, 26]. COL underpins platforms such

as GBIF, iNaturalist, EoL, GenBank, and BHL (Biodiversity Heritage Library), and supports le-
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gal instruments including CITES and the IUCN (International Union for Conservation of Nature)

Red List [15,26]. Species entries include persistent identi�ers (DOIs , LSIDs), enabling integration

with BOLD (Barcode of Life Data System), UNITE, FishBase, and SeaLifeBase, as well as ser-

vices for name matching, checklist comparison, and taxonomic validation [25, 26]. Key challenges

include incomplete coverage of hyperdiverse taxa, dynamic and subjective taxonomic concepts,

limited incentives for contributors, legacy data, and inconsistent identi�er assignment [15, 25, 26].

Despite these, COL remains a cornerstone of global biodiversity information, providing standard-

ized, expert-curated species data for scienti�c and conservation applications.

2.12 Pl@ntNet

Pl@ntNet is an image-based plant identi�cation platform available on Android, iOS, and the

web, designed to facilitate botanical data collection through participatory sensing [8, 29, 30]. Of-

ten called the �Shazam of plants� [29, 31], it allows non-experts to contribute plant observations

via photographs. Launched in 2010 as Pl@ntScan, it evolved through Pl@ntNet-ID (2011) and

Pl@ntNet-Identify (2012), progressively supporting multiple plant organs (leaves, �owers, fruits,

bark, whole plant) and social-network integration [30]. Mobile apps launched in 2013 (iOS) and

2014 (Android) expanded species coverage and introduced multi-image and metadata-based identi-

�cation strategies. By 2017, Pl@ntNet supported 10,000 species with over 332,000 training images

and had been downloaded more than 3 million times in 170+ countries [30]. The system processes

user-submitted images using Convolutional Neural Networks (CNNs) trained on validated observa-

tions, combining multi-view predictions with geolocation-based species checklists [29]. Observations

are stored in a CouchDB NoSQL database, and a hashing-based similarity search allows retrieval

of visually similar images [8, 29]. Multi-organ submissions improve accuracy, while data valida-

tion relies on a collaborative work�ow where community members and tools like IdentiPlante and

ThePlantGame con�rm observations before inclusion in the training index [8, 29, 30]. Limitations

include low sharing rates, uneven image quantity per observation, spatial biases, and dependency

on a small expert group for validation [30]. Despite these, Pl@ntNet exempli�es the integration

of AI, citizen science, and botanical research, providing a scalable model for plant biodiversity

monitoring and public engagement [8, 29,30,32].
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2.13 Key Takeaways

The reviewed system demonstrates several approaches to biodiversity data management, each

with unique strengths and limitations. Common challenges were identi�ed as usability issues, data

quality problems, interoperability gaps, and features focused on non-domain experts makes this

systems not suitable for professional use. But strengths like modular architectures with very de-

tailed taxonomic management, and features on how to handle large datasets was also identi�ed.

These insights will help inform and design a new biodiversity data management system that is fo-

cused on usability, interoperability, and speci�cally on professional use. This way, the new system

can utilize strengths of existing platforms while addressing their shortcomings to better meet the

needs of biodiversity researchers and professionals.
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3 Methodology

For the creation of such biodiversity data management system, the knowledge, experience, and

domain expertise of biologists was essential. So stakeholders for the project were identi�ed, these

were the members of the Insect Collection of the University of Madeira, housed at the Faculty

of Life Sciences. Withing this group three main roles were identi�ed: the interns that conduct

smaller research projects only adding new data to the collection, the researcher that also have

research projects, but they also handle data that already exists in the collection, and the senior

researcher/collection manager that basically are involved with almost all of the research projects

of the collection and handle the collection data in a daily basis. Each of the roles has di�erent

permissions within the collection so it was important to understand their needs and requirements

for the system. Meetings were held with some of the stakeholders to try to understand which were

the main problems that they faced using their current work�ows. The main problem reported

was the decentralization of the data, because each member of the collection stored their data

locally on their own devices using excel spreadsheets. This approach resulted in several recurring

problems, like data loss when members left the department or no longer could access their �les,

and di�culty to retrieve data from the �les due to inconsistent storage practices. Also the lack of

standardization caused that some reports were incomplete or missing critical metadata, reducing

both the reliability and reusability of the information. These problems caused loss of data integraty,

time and resources as trying to locate missing �les or correct incomplete records caused delays in

ongoing research projects. After these �rst meetings it was de�ned that the system should be a

centralized repository for all the data handled in the collection, so that data loss was less likely to

happen, data entry standardization being enforced so that the time and resources spent managing

the data are reduced. In the next meeting with the stakeholders the requirements for the system

were re�ned and prioritized, to ensure that the proposed solution would address their needs.

3.1 Requirements

To ensure the development of a system that e�ectively meets user needs and project goals, a

set of functional requirements were de�ned, throughout the conversation with the domain experts.

These requirements were collected through meetings with stakeholders and re�ned throughout the

planning phase. Functional requirements describe what the system should do, clearly de�ning what
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functionalities and the behavior that the system should have. The following sections will describe

the main functional requirements of the system.

3.1.1 Login and Registration

The Login and Registration model is responsible for managing user access to the platform. It

ensures secure account creation and authentication while handling the initial assignment of the

basic user role, wich could be attributed to an intern within the collection.

ID Description Priority
FR.1 The system shall require users to register with a username. High
FR.2 The system shall require users to register with an email. High
FR.3 The system shall require users to register with a password. High
FR.4 The system shall require users to authenticate with email before

accessing functionalities.
High

FR.5 The system shall require users to authenticate with password
before accessing functionalities.

High

FR.6 The system shall provide a password reset mechanism for users
who have forgotten their password.

Low

FR.7 The system shall allow users to log out at any time. High
FR.8 The system shall automatically assign the "user" role to users

upon registration.
High

Table 1: Functional Requirements (Authentication Features)

3.1.2 Dashboard

The Dashboard serves as the system's landing page, o�ering users a concise overview of es-

sential information. It presents key metrics such as the total number of occurrences and projects,

along with recent activity and the latest submitted reports. This centralized view enhances user

experience by providing quick access to relevant and up-to-date data upon login.

ID Description Priority
FR.9 The system shall display a graph of daily occurrences on the

user's dashboard.
Low

FR.10 The system shall display the latest reports on the user's dash-
board.

Low

Table 2: Functional Requirements (Dashboard Features)
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3.1.3 Nomenclature

The Nomenclature section is one of the core components of the system, dedicated to the man-

agement of taxonomic records. It enables users to create, update, and search for detailed species

information. This module serves as the central repository for occurrence data registration, ensuring

consistency and accessibility data for all users.

ID Description Priority
FR.11 The system shall allow users to create new nomenclature

records.
High

FR.12 The system shall allow users to link multiple bibliographies to a
single nomenclature.

High

FR.13 The system shall allow users to remove linked bibliographies
from a nomenclature.

High

FR.14 The system shall require users to �ll all necessary taxonomic
�elds (e.g., Kingdom, Family, Genus) when creating a nomencla-
ture.

High

FR.15 The system shall allow users to import nomenclature data from
an Excel �le.

Medium

FR.16 The system shall allow users to import taxonomic information
from an external API when creating nomenclature.

Low

FR.17 The system shall provide a search function for nomenclature
records.

High

FR.18 The system shall display all occurrences linked to a nomencla-
ture.

High

Table 3: Functional Requirements (Nomenclature Management)

3.1.4 Bibliography

The Bibliography section complements the Nomenclature module by serving as the repository

for scienti�c literature that supports and validates taxonomic names. It allows users to manage bib-

liographic references, import citation data, and e�ciently search or �lter through existing records.

This section is essential for maintaining the scienti�c rigor of the nomenclature system, as it ensures

that each taxonomic entry is grounded in veri�ed literature and aligned with accepted standards

of classi�cation.
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ID Description Priority
FR.19 The system shall allow users to create new bibliography records. High
FR.20 The system shall require users to provide all necessary informa-

tion when creating a bibliography (e.g., title, authors, publica-
tion year).

High

FR.21 The system shall allow users to import bibliography data from
an Excel �le.

Medium

FR.22 The system shall display detailed information for each bibliogra-
phy.

High

FR.23 The system shall allow users to �lter bibliographies by title. Low
FR.24 The system shall allow users to �lter bibliographies by author. Low
FR.25 The system shall allow users to �lter bibliographies by publica-

tion title.
Low

FR.26 The system shall allow users to �lter bibliographies by publica-
tion year.

Low

FR.27 The system shall display a list of all bibliographies. High
Table 4: Functional Requirements (Bibliography Management)

3.1.5 Occurrences

The Occurrences section enables users to register, manage, and export detailed records of

species sightings or �eld data. Each occurrence is linked to a speci�c taxonomic entry from the

Nomenclature module, ensuring scienti�c consistency. Users can associate occurrences with ongoing

projects, attach relevant �les such as images or �eld notes, and ensure standardized data entry.
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ID Description Priority
FR.28 The system shall allow users to create new occurrence records. High
FR.29 The system shall require users to provide all necessary informa-

tion for an occurrence.
High

FR.30 The system shall allow users to link a project to an occurrence. High
FR.31 The system shall allow users to link a nomenclature to an occur-

rence.
High

FR.32 The system shall allow users to attach �les (e.g., images, PDFs)
to an occurrence.

High

FR.33 The system shall allow users to �lter occurrences by scienti�c
name.

Low

FR.34 The system shall allow users to �lter occurrences by locality. Low
FR.35 The system shall allow users to �lter occurrences by date. Low
FR.36 The system shall display detailed information for each occur-

rence.
High

FR.37 The system shall allow users to download �les linked to an oc-
currence.

High

FR.38 The system shall allow users to export occurrences in Darwin
Core (CSV) individually.

Low

FR.39 The system shall allow users to export occurrences in Excel for-
mat individually.

High

FR.40 The system shall allow users to export occurrences in Excel for-
mat in bulk.

Low

FR.41 The system shall allow users to edit occurrences they have cre-
ated.

Low

Table 5: Functional Requirements (Occurrence Management)

3.1.6 Projects

The Projects section allows users to create, manage, and occurences within the system. Al-

though not directly related to biodiversity data itself, this module plays a key role in structuring

occurrences by linking them to speci�c projects. It imporves traceability, enables users to retrieve

occurrences by project, and supports better data management across di�erent research e�orts.

ID Description Priority
FR.42 The system shall allow users to create new project records. High
FR.43 The system shall require users to provide all necessary informa-

tion for a project (e.g., title, research type, advisor).
High

FR.44 The system shall display detailed information for each project. High
FR.45 The system shall display all occurrences linked to a project. High
FR.46 The system shall allow users to �lter projects by title. Low
FR.47 The system shall allow users to �lter projects by advisor name. Low
FR.48 The system shall allow users to �lter projects by department

name.
Low

FR.49 The system shall allow users to �lter projects by project type. Low
Table 6: Functional Requirements (Project Management)
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3.1.7 Pro�le Page

The Pro�le section allows users to manage their personal account information, including up-

dating their name, email, and password.

ID Description Priority
FR.50 The system shall allow users to change their email address. Medium
FR.51 The system shall allow users to change their password. Medium

Table 7: Functional Requirements (User Pro�le)

3.1.8 Manager and Admin

The Manager and Administrator roles o�er advanced control over platform operations and data

governance. Managers, witch could be attributed to a normal researcher within the collection, pos-

sess extended permissions beyond those of regular users, allowing them to delete records across the

Nomenclature, Bibliography, Occurrences, and Projects modules, while still retaining all the capa-

bilities of the basic user role. Administrators, witch are the senior researchers/collection manager,

on the other hand, have full system-wide authority. In addition to all manager privileges, they can

manage user accounts, assign or revoke roles, and customize the structure of occurrence records by

modifying �eld con�gurations.
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ID Description Priority
FR.52 The system shall allow users with the "manager" role to per-

form all actions available to the "user" role.
High

FR.53 The system shall allow managers to delete occurrences. High
FR.54 The system shall allow managers to delete nomenclature. High
FR.55 The system shall allow managers to delete bibliographies. High
FR.56 The system shall allow managers to delete projects. High
FR.57 The system shall allow administrators to perform all actions

available to managers.
Low

FR.58 The system shall allow administrators to delete user accounts. Low
FR.59 The system shall allow administrators to edit user roles. Low
FR.60 The system shall allow administrators to �lter users by user-

name.
Low

FR.61 The system shall allow administrators to �lter users by email. Low
FR.62 The system shall allow administrators to �lter users by role. Low
FR.63 The system shall allow administrators create occurrence form

�elds.
High

FR.64 The system shall allow administrators edit occurrence form
�elds.

High

FR.65 The system shall allow administrators activate for occurrence
form �elds.

High

FR.66 The system shall allow administrators deactivate occurrence
form �elds.

High

FR.67 The system shall allow administrators set mandatory status to
occurrence form �elds.

High

FR.68 The system shall allow administrators set optional status to oc-
currence form �elds.

High

FR.69 The system shall allow administrators to �lter occurrence form
�elds by �eld name.

Low

FR.70 The system shall allow administrators to �lter occurrence form
�elds by the status of the �eld (e.g., Mandatory, optional).

Low

FR.71 The system shall allow administrators to �lter occurrence form
�elds by the status of the �eld (e.g., active, deactivated).

Low

Table 8: Functional Requirements (Roles and Administration)

3.2 Design Decisions

With the functional requirements de�ned the development process moved into the system design

phase. In this phase a reference architecture, architecture pattern, and a design pattern were

selected as overall guides how should the system should be structured and implemented.

3.2.1 Reference Architecture

As for the reference architecture, three alternative were considered: web application, desktop

application with a thick client, and mobile application. Each option was evaluated and in the

end the web application architecture was selected as it provides accessibility, maintainability, ease

of development and deployment, and most importantly makes the creation of a very usable and
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understandable platform possible. As most people are very familiar with the interaction with

websites, making the learning curve of the system much smaller.

3.2.2 Architecture Pattern

Having established the reference architecture as web application, the next decision involved

selecting between three di�erent architecture patterns, Client-Server, Peer to Peer, and Microser-

vices. The architectural pattern de�nes the high level organization of the system, such as how the

components interact, communicate and are deployed. So considering that a web application was

being developed, the Client-Server pattern was selected as the one to follow, as it is one of the most

widely used with web applications. This pattern provides separation between data management

and user interface, and ensures scalability and ease of maintainability [33,34].

3.2.3 Design Pattern

With both reference architecture and architecture pattern de�ned, only a design pattern was

missing. Three patterns were considered: Model-View-Controller (MVC), Model-View-ViewModel

(MVVM), and Model-View-Presenter (MVP). Each one of these patterns o�er di�erent advantages

and disadvantages, MVC separates the application into three components, the models that manage

the data and business logic, the views responsible for the user interaction with the system, and the

controllers that process the users inputs [35�38]. MVVM separates the user interface, presentation

logic and domain data, where the model contains the core business logic and domain data, the

view that renders the UI and handles inputs, and the view model that maintains the UI state and

mediatesuser interactions [35, 39]. MVP tries to improve the separation of concerns by replacing

the controller with the presenter that actively mediates between the view and model [35,40]. After

evaluating the three patterns, MVC was selected as the most suitable for the project, by providing

clear separation of concerns between data and logic, and a modular development.

3.3 Technologies

With the design decisions made, the next phase of the project evolved to the selection of

the technologies to be used in the implementation of the system. The system is structured into

three main layers: the front-end, the back-end, and the database, each one being responsible for

speci�c functionalities and tasks. Front-end being responsible for the user interface and client-

side interactions, the back-end manages the core business logic, API endpoints, and server-side
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processing, and the database is responsible for storing and managing the system's data. This

separation of concerns aligns with the Client-Server architecture and the Model-View-Controller

(MVC) pattern de�ned previously.

3.3.1 Front-end

The front-end of a web application refers to the interface that the user interacts with directly. It

contains the design, structure, behavior, and content of a web application, so it plays a critical role

in ensuring great usability, accessibility, and user experience. So four technologies were considered:

React, Angular, Vue.js, and Svelte. React is an open-source library developed by Meta (previously

Facebook) that implements a component-based architecture that promotes modularity, maintain-

ability, and scalability [41�43]. Angular is a open-source framework developed by Google that also

folllows component-based architecture and provides strong typing through TypeScript [44�47].

Vue.js is a progressive JavaScript framework that combines declarative templates and component-

based [41�43]. Svelte is an open-source JavaScript framework that collects components into e�cient

imperative code at build time, instead of using a virtual DOM [48�50]. In the end React was se-

lected due to its strengths of reusable components, that promotes an intuitive and responsive user

interface, also the existence of a large community and ecosystem of tools and libraries that improve

development speed and e�ciency.

3.3.2 Back-end

The back-end is responsible for the server-side logic, database interactions, and API endpoints

of a web application. Handling requests from the front-end, processing data, and managing business

logic. So three technologies were considered: Laravel, Ruby on Rails and Express. Laravel is a open-

source PHP framework that follows the MVC pattern that provides a robust set of tools already

integrated into the framework [51�53]. Ruby on Rails is an open-source full-stack web framework

that also follows the MVC pattern that o�ers convention over con�guration [54�56]. Express is a

minimalist Node.js framework that provides a lightweight core with middleware support [57, 58].

After evaluating each option Laravel was selected due to its implementation of MVC, robust

features, modular architecture, maintainability, and strong community support.
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3.3.3 Database

Databases provide persistent storage and manage data operations such as creation, modi�ca-

tion, querying, and deletion. They are generally categorized as relational (SQL) or non-relational

(NoSQL). Three database management systems were considered for this project: MySQL, Mon-

goDB, and PostgreSQL. MySQL is a wydely-used open-source RDBMS (Relational Database

Management System), that supports ACID (Atomicity, Consistency, Isolation, and Durability)

compliance, replication, clustering, stored procedures, triggers, and indexing [59�61]. MongoDB

is an open-source document-oriented NoSQL database that stores data in JSON-like documents

with dynamic schemas, supports horizontal scaling via sharding, replication for high availability,

and aggregation pipelines for advanced querying [62, 63]. PostgreSQL is an open-source, object-

relational database system that supports advanced data types, ACID compliance, MVCC, stored

procedures, triggers, window functions, and JSON/JSONB [64�66]. MySQL was selected due to its

already integrated support in Laravel, robust relational model that´s more suited for hierarchical

biodiversity data, and its great support and scalability.

3.4 System Architecture

Figure. 1: High Level View of the system
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The system architecture adopts a layered approach, structured into three domains: user in-

terface, application logic, and data management. This separation of concerns aligns with the

Client�Server architecture and the Model�View�Controller (MVC) pattern, also promotes modu-

larity, maintainability, and scalability, enabling features to be extended or replaced with minimal

impact on other components. A high-level overview is presented in Figure 1.

3.5 Figma Prototype

With the overall structure of the system de�ned, the next phase of the project involved the

creation of a prototype to help visualize and understand how the stakeholders would like to interact

with the system. So a Figma prototype was created to have a high-�delity representation of the

user interface and user experience, this prototype has created following the requirements previously

de�ned and using feedback collected from several meetings with the stakeholders. The process

started with the de�nition of a base theme and color palette that ensured visual consistency and

was visually appealing to the users. So after discussing with the stakeholders a color palette of a

primary color #468585, a secondary color #50B498, and white #FFFFFF for backgrounds and

highlights was selected. Now the overall structure and layout of the system needed to be de�ned,

the need of a simple UI that made usability high has de�ned with the creation of side menu that

provided quick, easy navigation, a top bar that displayed the authenticated user, and on the right

of the navigation menu, the relevant contextual information of the system would be displayed 2.

Figure. 2: Layout Prototype
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Having de�ned the main points of the system design, the process evolved to the creation of the

di�erent pages, starting with the login and registration pages, that followed a simple form design

for the best usability 3.

Figure. 3: Login Prototype

Then the pages for bibliographies and nomenclatures were created, as these pages were de�ned

as the backbone of the system. Both pages followed the same structure, a multi-record view that

displayed all the records 4a, a single view that displayed detailed information of a record 4b, a form

view for creating and editing records 4c, and �nally the import data page for bulk data creation

using Excel �les 4d.
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(a) Multi View Prototype
(b) Single View Prototype Bibliog-
raphy

(c) Form Prototype
(d) Import Data Prototype Bibliog-
raphy

Figure. 4: Bibliography Prototype.

After these two core pages were created and approved by the stakeholders, the next phase

evolved the creation of the occurrences, projects, and dashboard pages. The occurrences and

projects pages followed the same structure as the nomenclature and bibliography pages with multi-

record views 5a, single views 5b, and form views 5c. As for the dashboard page it was created as

the landing page of the system where the user could visualize the most recent occurrences and how

many occurrences have been added into the system 5d.
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(a) Multi View Prototype Occur-
rences

(b) Single View Prototype Occur-
rences

(c) Form Prototype Occurrences (d) Dashboard Prototype

Figure. 5: Occurrences and Dashboard Prototypes.

With the occurrences, projects, and dashboard pages approved by the stakeholders, the only

section of the system missing a prototype was the admin page, where the administrators could

manage users and occurrences �elds. This page followed a simple design where both user manage-

ment and occurrence �elds management had a multi record view, where the administrator could

verify, search, and interact with users or occurrence �elds 6a, and pop up form for creating and

managing data 6b.

(a) Prototype Admin (b) Popup Prototype Admin

Figure. 6: Occurrences and Dashboard Prototypes.
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3.6 Data Flow

With the structure and design of the system de�ned, the next step of the project involved

mapping and de�ning how the data �ow of the system should be for the main components. Data

�ows for the main functionalities of the system were created to help in the understanding of how

the parts of the system should interact making the development process easier. The four main data

�ows created where for the creation/import of new data, the edition of existing data, the deletion

of data, and the capability of exporting data from the system.

3.6.1 Create/Import data �ow

Figure. 7: Create Data Flow.

(a) File Upload (b) File Uploaded Data

(c) File Upload Error (d) Manual Form

Figure. 8: Create/Import Data.
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Figure 7 illustrates the generic �ow of creating new data inside the system. The process can be

initiated in two ways: either by uploading an Excel �le containing the data or by manually �lling

a form. If the user chooses to upload a �le, they are redirected to the designated upload page 8a,

where the �le is submitted to the back-end. Then the back-end �rst validates whether the uploaded

�le is of a supported type (Excel). If the �le type is not supported, a validation error is returned and

displayed by the front-end 8c. If the �le passes validation, it is processed and the data it contains is

extracted. This data is then returned to the front-end, where it is displayed for user con�rmation

and possible modi�cation before submission 8b. Alternatively, if the user decides to input the data

manually, the front-end redirects them to the appropriate form page 8d. Here, the user provides the

required information directly. Regardless of the data source��le upload or manual input�once

the user submits the form through the de�ned API. Then the back-end controllers validate the

received data to ensures that the business rules are applied, such as the presence of mandatory

�elds and correct data formatting. If validation errors are detected, the back-end generates an

error response, which is displayed on the front-end for correction 8c. If validation succeeds, the

controller delegates the operation to the relevant models. The database con�rms the operation,

either by storing the new record successfully or returning an error if a error occurs. This result is

sent back to the back-end, which prepares the appropriate response. Finally, the front-end presents

the response to the user as either a success message or an error noti�cation.

3.6.2 Edit data �ow

Figure. 9: Edit Data Flow.
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(a) Edit Data (b) Edit Form Data

Figure. 10: Edit Data Flow Prototype Images.

Figure (9) illustrates the generic �ow of editing data within the system. The process begins when

a user interacts with the front-end 10a, where the user is redirected to the form page 10b and can

modify the necessary values. Once the changes are submitted, the front-end collects the updated

input and sends it to the back-end through a request to the de�ned API. Then the controllers,

after receiving the request, validate the data to ensure compliance with the business rules of the

entity. If validation errors are detected, the back-end generates an error response, which is sent to

the front-end and displayed to the user. This allows the user to make the necessary corrections

before resubmitting. If validation is successful, the controller submits the operation to the relevant

models. Then the database con�rms the operation by either updating the record successfully or

returning an error if a error occurs. This result is passed back to the back-end, which prepares the

appropriate response. Finally, the front-end communicates the outcome to the user in the form of

a success message or an error noti�cation.

3.6.3 Delete data �ow

Figure. 11: Delete Data Flow.
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(a) Data List (b) Delete Data Button

(c) Con�rm Deletion

Figure. 12: Delete Data Flow Prototype Images.

Figure 11 illustrates the generic �ow of deleting data within the system. The process begins when

a user interacts with the front-end to delete data (Fig.12a, Fig.12b). The front-end then prompts

a con�rmation dialog 12c to ensure that the user is fully aware of the action. Once con�rmed, the

front-end collects the identi�ers of the selected entries and sends them to the back-end. When the

back-end receives the requets, the controllers validate whether the selected entries are eligible for

deletion, ensuring that they are not referenced by other records or bound by other constraints. If a

validation error occurs, the back-end generates an error response, which is returned to the front-end

and displayed to the user. This informs the user that the deletion cannot proceed. If validation

is successful, the necessary models are used. Then the database con�rms the operation by either

deleting the record successfully or returning an error. The result is sent back to the back-end,

which prepares the appropriate response. Finally, the front-end communicates the outcome to the

user as either a success message or an error noti�cation.
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3.6.4 Export data �ow

Figure. 13: Export Data Flow.

(a) Export Multiple Data (b) Export Single Data

Figure. 14: Export Data Flow Prototype Images.

Figure 13 illustrates the generic �ow of exporting data within the system. The process begins

when a user interacts with the front-end to export data. In multiple-entry views, the user selects

one or more records and presses the export button 14a. The front-end collects the identi�ers of

the selected entries and sends them to the back-end through a request to the de�ned API. For

single-entry views, the process is the same, except no selection step is required 14b. When the

back-end receives the request, the controllers will validate whether the selected entries are eligible

for export. If validation fails, the back-end generates an error response, which is returned to the

front-end and displayed to the user, indicating that the export cannot be performed. If validation

is successful, the controller calls the relevant models, that make the data proceed to the retrieval

phase. The database retrieves the relevant records and returns them to the back-end. The back-
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end then generates the export �les in the appropriate format and prepares the response with the

�les attached. Finally, the front-end receives the response and prompts the user with a download

interface, allowing them to save the �les to their desired location.
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4 Development Process

The development of the system followed an agile method approach, where the development

process was divided in several phases. Each phase focused on speci�c parts of the system, allowing

for an iterative process, where the stakeholders could provide feedback and adjustments so that

the solution evolved according to their expectations and needs. The development process can be

divided into 6 major phases, with work being made between the three main parts of the system, the

database, the back-end, and the front-end: the creation of the main tables of the database, then the

creation of front-end and back-end modules responsible for the authentication and user manage-

ment. Followed by the modules responsible for the management of bibliographies and nomenclature

as they are the backbone of the system, then the modules for the administrator pages because the

occurrence �elds are need for the creation of occurrences. Following up with the creation of the

modules for the management of projects then occurrences. Finaly the modules responsible for the

dashboard and data export were created. Between each phase, meetings with stakeholders were

held to con�rm that the system was working as expected and get feedback if anything needed to

be changed or added. The sections will explain in deatil how each main part of the system is im-

plemented, their modeules and their functionalities. The complete source code and implementation

details are available in the project's GitHub repositories [67,68].

4.1 Database

Figure. 15: Database ERD.
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4.1.1 Database Design Rationale

The database schema (Figure 15) was designed to e�ectively handle the complexity of the

biodiversity data, by keeping referential integrity and adaptability between the di�erent entities.

A key design decision was the separation of bibliographies and nomenclatures into independent

entities connected through a many-to-many relation table called bibliography_nomenclature. This

approach prevents redundancy and represents the reality as one nomenclature can be support by

multiple bibliographies and a single bibliography can support multiple nomenclatures. Occurrences

implementation also displays this design principle, as this module is connected with 3 other mod-

ules: nomenclatures, projects, and occurrence_�elds. This one-to-many relation was done because

an occurrence needs to have a nomenclature associated with so that the taxonomic information of

the species is linked to the occurrence and nomenclature can have multiple occurrences associated

with. The project relation follows the same logic, as the nomenclature relation, as an occurrence

needs to be linked to a project that a better management of the occurrences can be done. Finaly

the many-to-many relation with occurrence_�elds was done so that the system can adapt to the

necessary �elds that each occurrence may need, as depending on the type of occurrence di�erent

�elds may be necessary. This approach to the design of the database allows for a �exible and

scalable system that can handle the always evolving needs of biodiversity systems. Data integrity

and consistency were ensured by the utilization of primary and foreign keys, normal procedure

in relational databases. As these mechanisms enforce integrity between related tables, preventing

data from becoming inconsistent and incomplete. Other rules like ON DELETE CASCADE make

sure that when records are deleted information that is linked between each other are also deleted,

once again preventing inconsistencies in the data. Security considerations were also implemented

as some tables are responsible for the users authentication and permissions, making sure that only

authorized users can access or handle data. In the next section, each table will be described in

detail, highlighting its role within the database and the rationale behind its design.

4.1.2 Bibliographies

Table: bibliographies

Purpose: Stores bibliographic references such as journal articles, books, or reports.

Key Fields:

� id: Unique identi�er.
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� key: Unique reference key created by the system.

� author, title, publication_year, journal_abbreviation, etc.

� verified: Indicates if the entry is veri�ed.

Relations: Many-to-Many with nomenclatures via bibliography_nomenclature. Each bibliog-

raphy can reference multiple taxonomic entities.

4.1.3 Nomenclatures

Table: nomenclatures

Purpose: Stores taxonomic hierarchy and species data.

Key Fields:

� Taxonomic levels: kingdom, phylum, class, order, family, genus, species.

� author: Person who described the taxon.

� remarks, synonyms, contributors.

Relations:

� Many-to-Many with bibliographies through bibliography_nomenclature, each nomencla-

ture can reference multiple bibliographies.

� One-to-Many with nomenclature_images.

� One-to-Many with occurrences.

4.1.4 Occurrences

Table: occurrences

Purpose: Stores individual species observations or records.

Key Fields:

� occurrence_id, scientific_name, event_date, country, locality.

� Geographical coordinates: decimal_latitude, decimal_longitude.

� basis_of_record, recorded_by, identified_by.

Relations:

� Belongs to nomenclatures via nomenclature_id.
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� Belongs to projects via project_id.

� One-to-Many with occurrence_files.

� Many-to-Many with occurrence_fields through occurrence_occurrence_field.

4.1.5 Projects

Table: projects

Purpose: Groups occurrences under research projects.

Key Fields: title, research_type, department, course, advisor, description, creator.

Relations:

� One-to-Many with occurrences.

� One-to-Many with project_files.

4.1.6 Occurrence Fields

Table: occurrence_fields

Purpose: De�nes dynamic/custom �elds for occurrences.

Relations: Many-to-Many with occurrences via occurrence_occurrence_field.

4.1.7 Users and Access

Table: users

Purpose: Stores user information for authentication and roles.

Key Fields: name, email, password, role.

Relations: Users create or contribute to projects, occurrences, and bibliographies.

4.1.8 Auxiliary Tables

In addition to the core entities, several auxiliary tables were introduced to extend functionality

and manage speci�c relationships within the database:

� nomenclature_images: Stores the �le paths of images associated with a given nomenclature

entry, enabling visual documentation of taxonomic records.

� project_files: Stores the �le paths of documents or resources linked to projects, supporting

the management of supplementary project data.
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� occurrence_files: Stores the �le paths of �les related to occurrences, such as specimen im-

ages, �eld notes, or environmental data.

� bibliography_nomenclature: Implements the Many-to-Many relationship between bibliogra-

phies and nomenclatures by storing their respective unique identi�ers.

� occurrence_occurrence_field: Manages dynamic occurrence attributes by linking non-mandatory

occurrence �elds to their corresponding values, ensuring schema �exibility.

4.1.9 System Tables

� jobs, failed_jobs, job_batches: Background task management.

� cache, cache_locks, sessions: Caching, locking, and session handling.

� migrations: Tracks database schema changes.

4.1.10 Summary of Relationships

� Bibliographies <-> Nomenclatures: Many-to-Many (bibliography_nomenclature)

� Nomenclatures -> Nomenclature Images: One-to-Many

� Nomenclatures -> Occurrences: One-to-Many

� Projects -> Occurrences: One-to-Many

� Occurrences <-> Occurrence Fields: Many-to-Many (occurrence_occurrence_�eld)

� Projects -> Project Files: One-to-Many

� Occurrences -> Occurrence Files: One-to-Many

4.1.11 Key Takeaways

Creating a database that could handle complex biodiversity data with integrity, scalability,

and interoperability was a signi�cant challenge, because if these relations and tables were not well

de�ned the system should be unusable and completely ine�cient. Validating and enforcing certain

rules on the data was essential to maintain high-quality records, also making sure that fast queries

and exports were possible. Making sure that the database was �exible so that could adapt to the

continues evolution of the biodiversity data was also a key point of focus. Considering all the needs
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and requirements of the system for the database, it's possible to say that the database design and

implementation was successful.

4.2 Back-end

As de�ned before the back-end of the system was developed using Laravel, a PHP framework

that provides several tools already built in to improve development speed and implements the

Model-View-Controller pattern. For this project two packages were utilized to help with speci�c

functionalities. For authentication and user management, Laravel Breeze was used, this starter kit

provides a simple and secure implementation of login, registration, and session handling functions.

To address some necessities involving the di�erent types of users with di�erent sets of permissions,

the table users that the Breeze package creates was modi�ed with the addition of two new columns:

role and �rst_login. Where the role is responsible for saving the type of user, meaning what

permissions that user has, and the �rst_login column is used to identify if the user is logging

in for the �rst time. This information is used in the front-end to know if is necessary to show a

popup window with relevant information for a �rst time user. The second package used was the

maatwebsite/excel package, this one is responsible for the handling of excel �les within the system,

meaning that this package is used to import data from excel �les and export data to excel �les. Also

the architecture of the back-end follows the principle of modularity and separation of concerns.

This means that each model is responsible for handling speci�c data or requests within the system,

making the implementation easier to maintain and extend in the future.

4.2.1 Main Modules

Within the back-end, modules for Bibliographies, Nomenclatures, Occurrences, Occurrences

Fields, and Projects were implemented as the main modules of the system. Each module is respon-

sible for handling data related to each entity, where they operate within the business rules related

and enforced to that entity.

For bibliographies, a request to create or update a bibliography, the following �elds are manda-

tory: item_type, publication_year, author, title, and publication_title. Additionally any �le that

is attached to the a bibliography must have the PDF format. This restrictions were implemented

to ensure standardization and consistency within the bibliography entries.
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Nomenclature records follow similar rules as the bibliographic records, as some �elds are re-

quired to maintain data consistency and integrity. The mandatory �elds are: kingdom, phylum,

subphylum, class, order, suborder, infraorder, superfamily, family, author, and species. In addition

to the mandatory �elds any nomenclature record must be linked to a minimum of one bibliographic

record, making sure that every nomenclature representation is backed by a accepted and published

reference.

As for nomenclature �elds each record must contain the following attributes: name, label, type

(which is restricted to text, textarea, select, number or date), and group. By default the parameter

is_required is set to false while is_active is set to true. These rules ensure that occurence �elds

can be �exible and adaptable to any type of occurrence, making sure that the system can evolve

with biodiversity data.

Occurrences as the entity within the system that can contain the most amount of data, it

must follow several rules, so that their integraty and consistency is maintained. This means that

every occurrence must be linked to a valid nomenclature and project. In addition to this the

following �elds are mandatory: scienti�c_name, event_date, contributors, institution_code, col-

lection_code, catalog_number, recorded_by, identi�ed_by, date_identi�ed, occurrence_remarks,

language and license. Files that are attached to occurrences can have the following formats: PDF,

Excel or image formats. Also if necessary occurrences can contain an array of occurrence_�elds,

which link back to the dynamically de�ned �elds, making sure that the system can adapt to

di�erent biodiversity research.

Finally projects are responsible for grouping occurrences together, so that contextual informa-

tion can be provided for the biodiversity studies. This means that every occurrence can be linked to

a project or a studied, so for these reasons every project must contain a title and a research_type.

Any �le that is attached to a project must have the PDF format, this restriction was implemented

to ensure consistency and long-term readability of the �les.
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4.2.2 Back-end structure

Figure. 16: Back-end tree diagram.

The �gure (16) represents the structure of the system back-end. In the next section, each

user-relevant module will be described in detail.

4.2.2.1 app/Exports

The Exports module is responsible for handling the system's data export functionality (Fig-

ure: 17). Its primary purpose is to enable users to generate and download biodiversity data in Excel

�les, improving data sharing, reporting, and integration with other research tools. The maatweb-

site/excel package is based on the concept of export classes which can handle both the dataset to

be exported and the con�guration needed to transform it into the correct representation. These

classes typically implement speci�c interfaces (called �concerns� in the package), such as FromCol-

lection, WithHeadings, or WithMapping, each de�ning a di�erent aspect of the export process.

For example, FromCollection speci�es the data source, WithHeadings de�nes the column headers,

and WithMapping that allows data to changed before is written to the �le. When a user initiates

an export, the system uses the appropriate export class, which retrieves the requested data from
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the database and prepares it for formatting. The package then processes this data row by row,

applying mappings and headings as de�ned, before generating a downloadable spreadsheet and

sending it back to the user.

Figure. 17: Example of the Export function using the Maatwebsite/Excel package.

4.2.2.2 app/Http/Controllers

The Controllers module is responsible for handling the requests received from the front-end.

Its primary purpose is to handle di�erent types of HTTP requests, such as GET requests for

retrieving data or POST requests for storing new information. Each controller de�nes functions

(Figure: 18) corresponding to the various request types, ensuring that the back-end can process

incoming requests, and business rules are enforced.
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Figure. 18: Example of a Controller function in the back-end.

4.2.2.3 app/Http/MiddleWare

The Middleware module is used to ensure that only users with veri�ed email addresses can

access certain routes by checking if the user is authenticated and has veri�ed their email. If not,

it returns a JSON message with a 409 status code. If the user is veri�ed, the request continues

to the next step. This ensures that unveri�ed users cannot access protected parts of the system,

improving security and data integrity.

4.2.2.4 app/Http/Requests

The Requests module is responsible for validating incoming data. Each request class de�nes

rules (Figure: 19) that the data must follow, such as required �elds, data types, or speci�c formats.

Controllers call these request classes to ensure that only valid and correctly formatted data is

processed, enforcing business rules.
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Figure. 19: Example of a Request class in the back-end.

4.2.2.5 app/Imports

The Imports module is responsible for processing spreadsheet �les uploaded by users (Fig-

ure: 20) and retrive their data. Import functionality is included in the dedicated import classes

which de�ne how rows from a �le are handled and converted into data. Depending on the use case,

di�erent types can be applied: for example, ToCollection provides raw rows for custom processing,

ToModel maps rows directly into database records, and WithHeadingRow allows headers to be

matched automatically with attributes in the schema. When a �le is uploaded, the appropriate

import class is called, then the spreadsheet is procced and its data retrived. This process can in-

clude matching headers, applying default values for missing �elds, and enforcing validation rules

to ensure consistency. After the the �les are proceeded, the data is sent to the user, so that they

can review and makes corrections if necessary before saving it to the database.
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Figure. 20: Example of an Import function using the Maatwebsite/Excel package.

4.2.2.6 app/Models

Each Model module (Figure: 21) corresponds to a database table that de�nes its attributes,

relationships, and any business logic associated with that entity. Models are responsible for querying

the database, creating, updating, and deleting records. They also de�ne relationships such as one-

to-many or many-to-many, ensuring that related data can be accessed and manipulated easily.

Controllers call these model methods to handle data, enforce business rules, and maintain data

integrity.
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Figure. 21: Example of a Model class in the back-end.

4.2.2.7 con�g

The con�g module contains con�guration �les that de�ne the behavior and settings of the

Laravel application. These �les are used for parameters such as database connections, mail server

settings, authentication options, caching mechanisms, and �le storage paths.

4.2.2.8 database

The database module is responsible for managing the structure and initial testing data of

the application's database. It contains three main components: factories, migrations, and seeders.

Where the factories are used to generate fake data for testing, migrations de�ne the database

shema, and seeders populate the database with testing data.

4.2.2.9 routes

The routes module de�nes how the back-end responds to incoming HTTP requests. Each route

speci�es (Figure: 22) the URL endpoint, the request type (e.g., GET, POST, PUT, DELETE),

and the corresponding controller function that should be executed. In this way, routes ensure that

requests are directed to the correct part of the application logic. To improve maintainability and

clarity, the project's routes were separated into multiple �les, each corresponding to a speci�c

model, such as nomenclature, bibliography, or occurrence.
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Figure. 22: Example of a Route de�nition in the back-end.

4.2.2.10 storage

The storage module is responsible for managing �lesused by the back-end. This directory is

further divided into two subfolders: storage/app/private and storage/app/public, the private folder

cannot be accessed directly from outside the system, ensuring security, and public folder is intended

for resources that need to be available to the users, such as images and documents related to

nomenclatures, occurrences, bibliographies, and projects. This is done by executing the command:

php artisan storage:link, which creates a link from public/storage to storage/app/public. The

storage/logs directory contains the application log �les where Laravel records errors, warnings,

and system events.

4.2.3 Key Takeaways

The development of the back-end followed the best approach by applying the necessary decisons

so that the MVC pattern was followed and create a system that is modular, secure, and scalable. By

using already existing packages like Laravel Breeze and maatwebsite/excel the development speed

was improved and the system could focus on the speci�c needs of biodiversity data management.

The capabilitie of handling excel �les was the most challenging part of the implementation of the

back-end as a lot of data processing and validation is needed to handle the complex biodiversity

data. Some constrains and requirements emerge from this implementation as the version of PHP

must be 8 or higher and three PHP extensions must be enabled: php-zip, php-xml, and php-gd as

they are necessary for the maatwebsite/excel package. The complete implementation and source

code are publicly available in the project's GitHub repository [67].
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4.3 Front-end

Built using React and Typescript, the front-end provides the interface that the user interacts

with when using the system. As in the back-end some packages and libraries were used to improve

and speed up development, these were Material UI (MUI), MUI Icons, React Router DOM, Axios,

React Toastify, and Chart.js 2. Material UI was used as the main component library, as it provides

a wide variety of �nished and customizable components, this way consistency can be maintained

throughout the system. MUI Icons as the name indicates was used as the main library for icons

within the system, making the development easier as it improves better organization and consis-

tency. React Router DOM as responsible for handling the navigation between the di�erent pages

of the front-end without the need to reload the page it self. Axios had the role of communicating

with the back-end API, by handling the HTTP requests and responses. React Toastify was used

to provide ready to go noti�cations to the user in the case of errors or successful operations 23.

Finally Chart.js 2 was used to create the chart present in the system, this way allowing for a

more dynamic data visualization. As expected from a React application, the front-end follows a

component based architecture, where each component is responsible for a speci�c function within

the system. This approach allows for a better organization of code, as components can be reused

throughout the system, improving maintainability, scalability, and interfaces consistency.

Figure. 23: Error noti�cation example

As de�ned during the creation of the prototype the system follows a simple structure of having

a side bar for navigation and a landing page that is a simple dashboard where the user can see

the most recent occurrences created and some statistics about the number of occurrences created

in the last �ve days. When compared with the prototype, this pages includes some changes were
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made to improve usability, these where the replacement of the noti�cation icons with breadcrumbs

for better navigation and the removal of the language selector as the system is only available in

English. This can be seen when comparing the implemented page 24a and the prototype 24b.

(a) Landing Dashboard Page. (b) Prototype Dashboard Page.

Figure. 24: Dashboard Page vs Prototype Dashboard Page.

Then the system provides list views, that basically display all the data available for each entity

by using a table. For entities like bibliographies, occurrences, and projects this page follows a

very similar structure, only changing the actual �elds display in the table and the �lters provided.

When compared with the prototype the only change that was made was the replacement of the

refresh button in the �lters section for a clear �lters button 25b, this way improving usability of

the system 25a.

(a) Bibliography List View Page. (b) Prototype Bibliography List View Page.

Figure. 25: Bibliography List View Page vs Prototype Bibliography List View Page.

The only list view that is di�erent is the nomenclature list view, as this entity can have a

large amount of data making it di�cult and not e�cient to display all the data on page load, so

it provides speci�c �lter so that the user can search for a speci�c nomenclature. This search can

be done using a speci�c taxonomic level or a species speci�c name. But in the case where it is
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necessary to display all the nomenclatures the user can just click the "Full List" button and the

system will load all the available nomenclature 26a. This page also changed when compared with

the prototype, as in the prototype, the searched nomenclature would be displayed in the same

page 26b, but this was changed so that now the searched nomenclature is displayed in a di�erent

page, this way improving usability and navigation.

(a) Nomenclature List View Page. (b) Prototype Nomenclature Page.

Figure. 26: Nomenclature List View Page vs Prototype Nomenclature Page.

Now for the single views, these pages display the data of a speci�c record, providing all the

relevant information and actions that the user can perform in that record. These also follow a

similar structure for bibliographies, occurrences, nomenclatures, and projects, just changing the

actual �elds displayed 27a. As explained before the only change that occurred within these types

of pages was for the nomenclature single view, where before the searched nomenclature would be

displayed on the same page as the list view 27c, but now it is displayed in a di�erent page 27b.
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(a) Occurrence Single View Page. (b) Nomenclature Single Page.

(c) Prototype Nomenclature Page.

Figure. 27: Nomenclature Single View Page vs Prototype Nomenclature Page.

The pages for manually creating 28a and updating 28b records follow the same structure for

all the entities, by using forms with the necessary �elds for each entity. In the case of importing

data from Excel �les, the pages have the structure of having a �eld where the user can upload and

submit the �le 28c. Then when the �le is processed a form is displayed 28d with the data, where

the user can review and make necessary corrections if needed before saving the data.
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(a) Nomenclature Create Page. (b) Nomenclature Edit Page.

(c) Upload Page. (d) Bibliography File Uploaded Page.

Figure. 28: Create, Edit and Import Pages.

The only missing page is the admin page, where the admin can manage the users of the system

and the occurrences �elds. This page followed the prototype with no changes made, were there is

a section with a list of the users and a section with the list of occurrences �elds. In these sections

the admin has �lters and the buttons to initiate the necessary actions 29.

Figure. 29: Admin Page.
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4.3.1 Interoperability with Biodiversity Platforms

One of the key features of this system is the capability of exchanging data with external bio-

diversity platforms. This interoperability is achieved in this system by the capability of importing

and exporting data using Excel �les and CSV �les in the case of exporting occurrences. Also the

system has the capability of retrieving nomenclature data from the Global Biodiversity Information

Facility (GBIF) platform using their public API.

The process of retriving data from the �les has been already explained in the previous back-end

section, so now the user interaction will be explained. When the user wants to import data using

Excel �les, they must navigate to the speci�c page for that entity, for example, bibliographies or

nomenclatures. Then on this page the user can upload the �le using the provided �eld and then

submit this �le 30a. If any error occurs the user will be noti�ed 30c, otherwise the �le is processed

and the data is sent back to the user 30b. This data is displayed in a form where the user can

review it and make any necessary changes before saving it.

(a) Upload File page (b) File Upload Form

(c) Error noti�cation example

Figure. 30: Import Data Pages

Now the process of exporting data can be done in both single-view and multi-view pages. In

single-view pages the export buttons are located at the bottom of the page, allowing the user to

export the current record in Excel format in CSV format in the case of occurrences 31a. In multi-

view pages the user can select one or multiple records using the checkboxes in the table, then a

button will be available under the table to export the selected records 31b. When these export
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buttons are clicked the back-end will do all the processing and send the �le back to the user for

download.

(a) Export Occurrence options (b) Export List view

Figure. 31: Export Data Pages

The process of retrieving nomenclature data from GBIF is started when the user chooses to

create a new nomenclature manually. Then on the form page there is a button that the user can

click to open a dialog where they can enter the species name to be searched 32a.Next when the

user submits this request to the GBIF API, two outcomes are possible, depending on whether

the species exists in the GBIF database or not 32b. If the species sent dosen´t exist, an error

noti�cation is displayed informing the user that no information could be retrieved 32e. In the case

that the species exists, the response data will be displayed in the dialog, where the user can review

and con�rm the information or cancel to leave the dialog 32c. Once the user con�rms the data,

they can click a button that will populate the new nomenclature form with the retrieved data 32d.
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(a) Create Nomenclature page (b) Nomenclature GBIF Dialog

(c) Nomenclature GBIF Dialog Result (d) Nomenclature Create Form Populated

(e) Nomenclature GBIF Dialog Error

Figure. 32: Nomenclature Interoperability
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4.3.2 Front-End Structure

Figure. 33: Front-end tree diagram

The �gure (33) illustrates the structure of the system's front-end. In the following section, each

user-relevant module will be described in detail.

4.3.2.1 public

The public directory in the front-end is primarily used to store static assets that can be accessed

directly by the application. In this project, it contains example Excel �les that demonstrate the

correct structure required for importing data into the system. These examples serve as user guid-

ance, ensuring that �les uploaded for Nomenclature and Bibliography imports follow the expected

column format and data organization.

4.3.2.2 src/assets

The src/assets directory is responsible for storing static resources used throughout the front-end

application. Inside this module, there are two main subdirectories, the images forlder that contains

images such as logos, icons, and other graphical elements. The other subdirectorie are the SVG

�les, were vector graphics are stored directly.
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4.3.2.3 src/components

The src/components directory contains all the reusable components used across the system's

interface. These components are designed to keep the code modular, maintainable, and consistent,

since common UI elements only need to be implemented once and can then be reused in multiple

views.

4.3.2.4 src/constants

The src/constants directory contains con�guration �les that contain values, options, and UI-

related constants that are used throughout the front-end.

4.3.2.5 src/context

The src/context directory is responsible for handling global state management related to user

authentication. It contains a single �le that de�nes the User Context, which provides way to manage

user information and authentication state across the entire application.

4.3.2.6 src/layouts

The src/layouts directory is responsible for de�ning the overall structure of the user interface.

It ensures consistency in how pages are displayed, while also centralizing common UI elements such

as the header and side navigation menu.

4.3.2.7 src/pages

The src/pages directory contains the top-level views of the application. Each �le or subfolder

in this module represents a complete page within the system, corresponding directly to the routes

de�ned in the application. Unlike components, which are smaller reusable building blocks, pages

provide the full layout and business logic for speci�c features.

4.3.2.8 src/routes

The src/routes directory de�nes all the navigation and API communication paths of the ap-

plication. It is split into two �les, clearly separating front-end application routes (used by React

Router for navigation) and back-end API routes (used by Axios to send requests to the Laravel

server).
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4.3.2.9 src/services

The src/services directory is responsible for handling all communication between the front-end

and the back-end API. It provides the logic where HTTP requests are de�ned and managed, ensur-

ing that React components and contexts remain focused on presentation and state management.

Each service �le typically groups together functions for a speci�c domain (e.g., users, projects,

bibliographies, nomenclature), with operations such as retrieving, creating, updating, and deleting

records.

4.3.2.10 src/utils

The src/utils directory contains helper functions and shared utilities that support common

tasks across the application. These abstractions reduce duplication, enforce consistency, and keep

the business logic focused.

4.3.3 Key Takeaways

The front-end created provides a user friendly interface that is easy to use, navigate, and pro-

vides all the necessary functions to the users. The implementation of such interface presented some

challenges, as the capability of creating an interface that is usable and accurate for the complex

biodiversity data was challenging. Also the interoperability with external platform like GBIF and

the import/export functionality required special attention to detail to ensure the best user experi-

ence. One constraint that this implementation has is that it requieres modern browsers with ES6

support to function correctly. The full implementation details and source code are accessible in the

project's GitHub repository [68].
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5 Validation

Validation for this project followed a process that combined several methods, ensuring that the

system met the need and expectations of its users. The combined methods were SCRUM meetings

for iterative feedback from the stakeholders, an agile approach for development where constant

feedback from the domain experts was used to improve the system, and a �nal user testing phase

where two of the stakeholders tested the system, and provided feedback. Unfortunately, due to

time that the test was conducted, only two users could participate, as most of the stakeholder

were in vacation or not available to participate. The pro�le of the users that participated in the

test were both researchers with experience in biodiversity data management but one of them was

a senior researcher and collection manager while the other was a junior researcher. The presence

of the senior researcher was important to validated the admin and manager functionalities as they

are the one that will be using these roles the most. As for the junior researcher helped to validate

that the general work�ow of the system was easy to use and understand for a less experienced

user. Even though, only two users participated in the test, it was possible to test the system as a

whole, and get important feedback to improve the system. The next sections will describe the user

testing process, the results obtained and the changes made to the system based on the results.

5.1 User Testing

The user testing followed a strategy that made the evaluation process focused on the user

experience and usability of the system. So, the test was divided into three main stages: a pre-

test questionnaire to collect background information on the participants, the test execution itself

where the participants were asked to perform a series of tasks using the system, and a post-test

questionnaire to collect feedback and evaluate the usability of the system using the System Usability

Scale (SUS). During the test execution, the participants were observed and their interactions, errors,

and feedback were recorded, so that it could be analyzed later.

5.1.1 Pre-Test Questionnaire

Questions:

1. What is your primary role? (e.g., researcher, student, administrator, other)
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2. How often do you work with biodiversity-related data or information systems? (e.g., Never,

Rarely, Sometimes, Often, Daily)

3. How would you rate your general computer skills? (e.g., Beginner, Intermediate, Advanced)

4. How familiar are you with using web-based platforms for data management? (e.g., Not familiar,

Somewhat familiar, Familiar, Very familiar)

5. What do you expect this system to help you with?

6. What would you consider most important in a system like this? (e.g., speed, usability, data

accuracy, design, etc.)

5.1.2 Test Execution Tasks

1. Create an account in the system.

2. Say how many occurrences were created in the last 5 days.

3. Create a new bibliography record, using the supplied data, in the system using the manual

entry option.

4. Import new bibliographies from the supplied Excel �le, using the �le import option.

5. Visualize in the system the bibliography added in step 2.

6. Create a new nomenclature record using the supplied data.

7. Import new nomenclature from the supplied Excel �le.

8. Search for the nomenclature added in step 6 and view it.

9. Create a new project record, using the supplied data, in the system.

10. Filter the projects in the system by the name of the project created in step 9.

11. Create a new occurrence, using the supplied data, in the system.

12. Visualize the occurrence created in step 11.

13. Edit the occurrence created in step 11 and change its country.

14. Export the occurrence (edited in step 13) in CSV format.

15. Export the two �rst bibliographies.
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16. Logout of the system.

17. Login using the administrator credentials provided.

18. Add a new occurrence text �eld using the supplied data.

19. Change the role of the user created in step 1 to Manager.

20. Delete the project with the title BioRecordHub Thesis.

21. Logout of the system.

5.1.3 Post-Test Questionnaire

Part A - General Questions:

1. What aspects of the system did you like the most?

2. What aspects of the system did you �nd most di�cult or frustrating?

3. Were there any features you expected but did not �nd in the system?

4. Do you have suggestions for improving the system?

Part B - System Usability Scale (SUS):

Each participant rated the following ten statements on a 5-point Likert scale (1 = Strongly

Disagree, 5 = Strongly Agree):

1. I think that I would like to use this system frequently.

2. I found the system unnecessarily complex.

3. I thought the system was easy to use.

4. I think that I would need the support of a technical person to be able to use this system.

5. I found the various functions in this system were well integrated.

6. I thought there was too much inconsistency in this system.

7. I would imagine that most people would learn to use this system very quickly.

8. I found the system very cumbersome to use.

9. I felt very con�dent using the system.

10. I needed to learn a lot of things before I could get going with this system.
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The scoring for SUS is calculated following the standard method: For odd-numbered items, the

score is the user response minus 1. For even-numbered items, the score is 5 minus the user response.

The total is summed and multiplied by 2.5 to get a SUS score between 0 and 100. A SUS score

above 68 is considered above average usability, while scores above 80 indicate excellent usability.

5.2 Validation Results

All the participants identi�ed themselves as researchers with daily experience working with

biodiversity data, they also rated their computer skills as advanced as they utilize computers in their

daily work. As for their familiarity with web-based platforms, one of the participants considered

themselves as familiar while the other only considered as somewhat familiar. Both participants

expected the system to help them organize data and make it more accessible then, when asked what

was the most important aspect of a system like this both they focused on data accuracy and system

usability. As for the test execution, all the tasks were completed successfully by both participants,

the only di�culty during the test was that both participants struggled to �nd the correct format

requirements for importing Excel �les during task 4. This means that the option that provides this

information was not easily locatable within the interface. Other than this issue, both participants

indicated that the overall task �ow was clear, and the system functionality met their expectations.

Participants in the post-test questionnaire expressed overall positive impressions of the system,

highlighting its simple user interface and ease of use of the system. The main challenges reported

were: understanding the location of the information about the required format for the Excel import

as seen during the test execution, and the lack a dedicated page for importing occurrences using

Excel �les, as well the need of a bibliographic �eld for occurrences. As for the SUS results, both

participants, scored the system with 90 and 85 points, which are well above the generally accepted

68 points for good usability. These results reinforce the prior evaluation and conclusions of the

system as a user friendly platform.

5.2.1 Changes Based on the Results

Based on the feedback received from the users, and the results from the test, some changes

were made to the system to improve its usability and functionality. The main problem identi�ed

during the test was the confusion regarding the Excel import format, as users struggled to identify

where to �nd this information 34a. So to address this issue a new subtitle, in red was added to
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highlight the �le format requirements, as well as a label for the information icon was added to

improve clarity 34b.

(a) Import Bibliography page before changes (b) Import Bibliography page after changes

Figure. 34: Side-by-side comparison of Import Bibliography pages before and after changes.

Also, a new page for the Excel import of occurrences was developed and added to the system,

as the users requested the addition of this feature to facilitate the import of occurrence records.

This new page 35 works in the same way as the existing pages for bibliography and nomenclature

imports, with the only di�erence being that it handles occurrence data.

Figure. 35: New page for Excel �le upload for occurrences.

The �nal requested change made to the system, was the addition of a bibliography �eld to the

occurrence creation form 36a. This addition was made so that the users could provide bibliographic

references that support the occurrence data, enhancing its data quality and scienti�c value 36b.
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This �eld was added in the same way as other �elds in the occurrence creation form, allowing users

to input multiple bibliographic references as needed.

(a) New occurrence creation form before
changes

(b) New occurrence creation form after
changes

Figure. 36: Side-by-side comparison of New occurrence creation form before and after changes.

5.3 Key Takeaways

The validation process demonstrated that the system can e�ectively handle the needs of its

target users, especially in terms of usability, simplicity, and support for biodiversity data manage-

ment, but these points where only proven for terrestrial biodiversity data. As it was not possible

to test the system with marine biodiversity data and domain experts due to time constraints and

availability of such users. Either way, the results obtained from the testing and SUS scores indicate

that the system provides a robust and user-friendly platform for managing biodiversity-related

data. Considering the current state of the system, some future work tasks, can be identi�ed to

further improve the system:

� Expanding interoperability with biodiversity platforms: Currently the system, integrates with

GBIF for new entries of nomenclatures. Future work could expand this functionality to include

more data types or integration with other biodiversity platforms, such as Catalog of Life or

WORMS.

� Improving the supported �les: While the current implementation supports some types of �les

such as Excel, CSV, PDF and images, future work could focus on expanding the range of

supported �le formats for data import and export, to accommodate a wider variety of user

needs.

� Scaling up validation with real-life biodiversity data: While the current validation veri�ed the

system's usability and basic functionality, future work could involve large-scale validation with
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real biodiversity datasets, to assess performance, scalability, and robustness. Also validation

with marine biodiversity experts to ensure the system meets their speci�c needs.

� Enhancing the user experience: As the system evolves future work could also focus on enhancing

the user experience by improving the interface design making the system more appealing.

Overall, the validation results indicate that the system is on the right track to becoming a valuable

tool for biodiversity data management, but there are still opportunities for improvement and

expansion to better serve its users.
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6 Conclusion

Biodiversity research and documentation remains a �eld that faces several challenges, particu-

larly in terms of data management and accessibility. Existing platforms present several problems

from complex user interfaces, low usability, to lack of interoperability between terrestrial and

aquatic biodiversity data, and lack of platforms aimed at professionals. This thesis aimed to re-

solve these issues by developing an ease to use, �exible, interoperable, and professionally aimed

web-based back o�ce system for biodiversity data management.

The developed system, supervised by domain experts, provides a structured system, where

users can manage species data, occurrences, bibliographies, projects, and taxonomy. This modular

architecture provides essential functionalities such as authentication with role-based management,

import and export of data sets, and a user-friendly interface based on modern design principles.

The system also provides interoperability with external biodiversity infrastructures through APIs.

Also the utilization of standardized frameworks such as Laravel Breeze and Maatwebsite/Excel

together with the libraries such as Material UI and React Toastify ensures maintainability and

scalability.

Validated by domain experts, the system successfully handled the necessary tasks across the

needs of its users. Even though the tests were only coducted with two people, due to availability

constraints from the domain experts, both experts con�rmed that the system aligned with what

they need from a system like this. All the validation participants con�rmed that the system, even

thought it was created for professionals, can be used without extensive technical knowledge as

well. The feedback provided from tests helped improve the system further, as some problems were

indenti�ed, such as the location of the excel import instructions was not clear enough, also the

lack of a dedicated import page for occurrences, and missing bibliographic �eld in occurrences. By

addressing these issues, and with the high SUS scores of 90 and 85 obtained, it´s clear that the

system achieved its goal of being both e�ective and user friendly. Also some possible future work was

identi�ed, such as a large scale validation with large scale testing with large biodiversity datasets,

and improving the interoperability of the system with the integration with other biodiversity

platforms.

Considering all the aspects of this project, the developed system ful�lls its initial proposition

of being a uni�ed, interoperable, and easy to use system. Lowering the technical barriers, improves
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usability, and supports standardized data exchange, the system lays a foundation for a possible

comprehensive and collaborative biodiversity research and conservation in the future. Making this

project a success in achieving its goals and objectives, which by consequence makes this thesis a

success as well.
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