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1 Executive Summary 
This deliverable presents the final outcome of Task 4.4 – Integration of the GUARDEN System and 

Development of the GUARDEN Decision Support Applications (DSAs). It describes the fully 

implemented and validated DSAs, designed to support biodiversity monitoring and the assessment 

of ecosystem services across the project’s case study regions. The document outlines the system 

architecture, integrated components, external services, and data flows that underpin the final 

deployment. 

The four customised GUARDEN DSAs integrate multiple data sources, including species 

observations from GBIF, MINKA, and Pl@ntNet, predictive outputs from GeoPl@ntNet, and visual 

layers provided through Web Map Services (WMS). These are combined within a unified and 

intuitive interface that allows users to explore observed and predicted species, habitats, landscape 

dynamics, acoustic monitoring results (bird identification), and ecosystem services maps in the 

case study areas. 

The report moves beyond system design and theoretical planning to present the operational 

platform as deployed in France, Greece, Spain, and Cyprus. It details the implemented architecture, 

core functionalities, data integration logic, and case-specific adaptations made in collaboration 

with pilot partners. 

By combining dynamic API connections with pre-processed CSV enrichment logic, the GUARDEN 

DSAs achieve responsive performance, reliable filtering, and actionable analytical insights. The 

resulting tools enhance the capacity of researchers, conservationists, and policymakers to assess 

biodiversity patterns and ecosystem trends, contributing to informed and sustainable decision-

making across the participating regions. 

  

https://guarden.ebosrndportal.com/
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2 Introduction 
The goal of this section is to provide a brief outline of the objectives of the specific GUARDEN 

Deliverable, how those are aligned and relevant to the overall project, and what approach was 

followed to achieve them. 

2.1 Mapping GUARDEN outputs 
This section presents the GUARDEN Grant Agreement (GA) commitments, as extracted from the 

formal deliverable and task description, regarding their outputs and the work to be performed. 

The purpose is to aid the reviewer in identifying the specific sections of the document where the 

respective tasks’ requirements are addressed, while also guiding the author and serving as a 

checklist to ensure everything that needs to be addressed is covered. 

TABLE 1: ADHERENCE TO GUARDEN GA DELIVERABLE & TASKS DESCRIPTIONS 

GUARDEN 
GA 

Component 
Title 

GUARDEN 
GA Component Outline Respective Document 

Chapter(s) 
Justification 

TASKS 

Task 4.4 
Integration 
of GUARDEN 
System and 
Development 
of GUARDEN 
DSAs 

Task 4.4 will perform the 
integration and 
configuration of the 
GUARDEN system, as 
defined in the tool 
architecture of Task 2.4, 
and with respect to the 
system requirements 
determined during Task 2.1 
through benchmarking and 
compliance matrix relevant 
iterations. An iterative 
integration methodology 
will be adopted, with aim 
to ensure collaborative 
technical integration work, 
putting together the 
GUARDEN system 
components in a loosely 
coupled way towards 
ensuring interoperability, 
adequate performance and 
scalability for large-scale 
use during the project and 
beyond. Additionally, this 
task will design and 
implement the graphical 
Human Machine Interface 
(HMI), by leveraging EBOS 
bespoke WiseBOS 
Platform, which is 

Chapters 3-5 

Chapter 3 provides 
an overview of the 
GUARDEN System, 
including the 
objectives, final 
requirements and 
core functionalities. 
Chapter 4 presents 
the final 
architecture, 
technical, security 
and testing detail, 
as well as the  
integrated 
components. 
Finally, Chapter 5 
presents the 
configurations and 
customisations 
done for each case 
study.  
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specialised for the 
development of such 
dashboards, in order to 
enhance the user’s 
experience through unique 
DSAs. The GUARDEN 
system will be developed 
as a stand-alone module in 
a lab environment to 
ensure its proper dry-run 
operation, concept 
verification and usability 
testing prior to the case 
studies deployment and 
throughout the project 
duration, it will constantly 
be updated in order to 
integrate the feedback 
received from the different 
users, including the 
demonstrations execution. 
Task Outputs: D4.3, D4.4. 

DELIVERABLE 

D4.4 - Integrated GUARDEN system and DSAs –Final 

Final version of the integrated GUARDEN system and the five developed DSAs 

 

2.2 Deliverable Overview and Report Structure 
Chapter 1 is the Executive Summary of this deliverable. 

Chapter 2 serves as the introduction, which maps the GA components to the chapters of this 

report.  

Chapter 3 provides an overview of the GUARDEN system, focusing on the final requirements, key 

functionalities and features.  

Chapter 4 describes the architecture and technical implementation, including the integrated 

components and sequence diagram.  

Chapter 5 focuses on case study-specific configurations and modifications, including differences in 

integrated data sources, user interface (UI) differences, and visualisations. 

Chapter 6 concludes this report by providing a summary of the topics discussed in the previous 

chapters.  
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3 System Overview 
This chapter offers an overview of the GUARDEN Decision Support Applications (DSAs), including 

their objectives, the needs and requirements of the end-users, and the primary functionalities that 

define the final system implementation. 

3.1 Objectives of the GUARDEN System   
The GUARDEN DSAs were designed to support biodiversity data exploration, enrichment, and 

visualisation through a modular and interactive interface. The system integrates species 

observations, predictive models, habitat and landscape indicators, and ecosystem service layers 

into a unified platform tailored to the needs of researchers, ecologists, land planners, and public 

authorities. 

The main objectives include: 

¶ Aggregating heterogeneous biodiversity datasets (observations, predictions, indicators, 

spatial maps). 

¶ Enabling enrichment with regional data (e.g., endemic, protected, invasive species). 

¶ Providing a spatial decision support tool with user-friendly filtering and map interaction 

capabilities. 

¶ Supporting biodiversity monitoring and ecosystem service assessments in the case study 

areas.  

3.2  End-user Requirements Summary 
The GUARDEN DSAs were designed to respond to a set of functional and non-functional 

requirements identified during the project, tailored to the needs of each case study. During the 

final development phase, most of the initially defined requirements were fully implemented. 

Numerous additional features were integrated to support enhanced data filtering, species status 

annotation, external API integration (Pl@ntNet, MINKA, GBIF, GeoPl@ntNet, etc), and map 

visualisation via WMS services.  Table 2  summarises the final requirements, functional (F) and non-

functional (NF), and their implementation across the four pilot areas: Spain, France, Greece, and 

Cyprus. 

TABLE 2: FUNCTIONAL AND NON-FUNCTIONAL REQUIREMENTS SUMMARY. 

Req. 
Code 

Description Case Study 
Implemented In 

Priority 

F-01 User Authentication: Users log in with credentials and 
access only their assigned case study. 

All High 

F-02 Data Visualisation: Display species observations and 
predictions on interactive maps. 

All High 

F-03 Integration with Data sources: Pl@ntNet, GBIF, 
MINKA, SINP, GeoPl@ntNet. 

All High 

F-04 Geolocation Tagging: Species and habitat data are 
georeferenced. 

All High 

F-05 Data Analysis and Reporting: Generate maps for 
biodiversity indicators and display related statistics. 

All High 
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F-06 Export Capabilities:  
1. CSV data export: Allow users to export tables in CSV 
format.  
2.  GeoJSON file, which includes the spatial data and 
geometry of the displayed map layer. 
3. Metadata text file, describing the WMS request 
parameters used to generate the layer (e.g., service 
URL, layer name, projection, image format, and 
coordinate reference system).  

All High 

F-07 Ecosystem Services scenario-based Analysis: Users 
select parameters to view associated changes in 
maps/data. 

All High 

F-08 Species Page Filtering: Enable filtering by taxon group, 
endemic, invasive, protected, etc. 

All High 

F-09 Species Observations Page: Allow source selection: 
MINKA, Pl@ntNet Plots, Pl@ntNet Occurrences, GBIF, 
SINP. 

All (SINP: FR only) High 

F-10 Species Predictions Page: Retrieve species predictions 
by area from GeoPl@ntNet. 

All High 

F-11 Species: Show taxon info, observation source, 
metadata, and external links. 

All High 

F-12 Indicator Page: Display indicator maps via 
GeoPl@ntNet  

All High 

F-13 Habitat Page: Show predicted habitats per area via 
GeoPl@ntNet WMS. 

All High 

F-14 Landscape Page: Present NDVI and Land Use / Land 
Cover (LULC) maps (DRAXIS WMS). 

CY, GR High 

F-15 Ecosystem Services Page: Show ES maps and data 
(CSVs/Pl@ntNet WMS) 

FR, CY, GR High 

F-16 Custom Text/Disclaimers per Case Study: Legal 
disclaimers, map layer metadata, info texts. 

All Medium 

F-17 Historical & Protected Area Maps: Display historical 
maps and protected areas via WMS. 

FR Medium 

F-18 Spatial Map Features: road networks, cities, protected 
zones, etc. 

All Medium 

F-19 Acoustic Monitoring: Display acoustic-based bird 
detection results along with their accuracy 
probabilities. 

CY, GR High 

NF-01 Performance: The System must handle concurrent 
user interactions with large datasets smoothly. 

All High 

NF-02 Security: System must enforce access control and 
comply with data protection standards. 

All High 

NF-03 Usability: Interface should be intuitive for stakeholder 
users. 

All High 
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3.3 Key Functionalities and Core System Features 
The DSAs offer a wide range of functionalities designed to support biodiversity assessment and 

decision-making across the GUARDEN case studies. These functionalities have been implemented 

based on the finalised user requirements and validated through close collaboration with the use 

case leaders. The core features are summarised below and in Table 3. 

 

1. Species Observations and Predictions 

¶ Users can view species observation data from MINKA 1 , Pl@ntNet Plots 2 , Pl@ntNet 
Occurrences, GBIF3, and SINP4. 

¶ Observations are visualised upon area selection on an interactive map and presented in 

tables enriched with additional metadata based on CSV files with data corresponding to 

the regional context (e.g., IUCN category, EU Directive listing, endemic/invasive status). 

¶ Predictions of species presence are retrieved from the GeoPl@ntNet API and presented 

per case study area. 

¶ Filtering options allow users to refine results by taxonomy, category (e.g., endemic, 

invasive, protection status, etc), source, location or observation year. 

¶ Export to CSV is supported for both observations and predictions. 

2. Habitat Prediction 

¶ Habitat maps are retrieved through GeoPl@ntNet WMS services and presented along with 

their descriptions. 

¶ For the French case study, predicted habitats are cross-referenced with: 

o EUNIS Marine Habitat - Habitats in Annex I of The Habitats Directive 

o EUNIS Terrestrial Habitat - European Red List of Habitats 

o EUNIS Marine Habitat - European Red List of Habitats 

o EUNIS Terrestrial Habitats - Habitats in Annex I of The Habitats Directive 

3. Biodiversity and Conservation Indicators 

The GUARDEN DSAs incorporate several biodiversity indicators to assess ecological diversity and 

conservation value across the pilot areas: 

¶ Shannon Index: Measures biodiversity by considering both species abundance and 

evenness. Higher values represent more diverse ecosystems. 

¶ Species Richness: Represents the total number of distinct species observed in the area. 

 
1 MINKA API documentation: https://api.minka-sdg.org/v1/docs/ 
2 Pl@ntNet API documentation: https://my-api.plantnet.org/#/ 
3GBIF API documentation: https://techdocs.gbif.org/en/openapi/ 
4 SINP ς {ȅǎǘŝƳŜ ŘΩLƴŦƻǊƳŀǘƛƻƴ ŘŜ ƭΩLƴǾŜƴǘŀƛǊŜ Řǳ tŀǘǊƛƳƻƛƴŜ ƴŀǘǳǊŜƭ, coordinated by the Muséum national 
ŘΩIƛǎǘƻƛǊŜ ƴŀǘǳǊŜƭƭŜ (MNHN). Website: https://www.naturefrance.fr/sinp  

https://api.minka-sdg.org/v1/docs/
https://my-api.plantnet.org/#/
https://techdocs.gbif.org/en/openapi/
https://www.naturefrance.fr/sinp


D4.4 - Integrated GUARDEN system and DSAs - Final                                                                                                                                                    

©GUARDEN, 2025  13 

 

¶ Tree Species Richness: A measure of forest biodiversity that counts the number of unique 

tree species within a defined spatial extent. 

¶ EU Directive Presence: Identifies species and habitats protected under the EU Birds 

Directive (2009/147/EC) and Habitats Directive (92/43/EEC), highlighting conservation 

priorities. 

4. Landscape Maps and Statistics 

¶ The Landscape page presents Land Use / Land Cover and NDVI vegetation indicators for 

different years for CY and GR via DRAXIS WMS services. 

¶ Relevant statistical tables, accuracy assessments, and legends are displayed below the 

maps. 

¶ Layer opacity is supported for customisation. 

5. Ecosystem Services Maps 

¶ For France, Cyprus, and Greece, ecosystem services maps and scenario projections are 

integrated. 

¶ The information is based on inputs from the respective case study partners and displayed 

as map layers and associated text summaries. 

6. Protected and Historical Areas 

¶ In the French case study, WMS layers for protected areas (via INPN5) and historical maps 

(via IGN6) are integrated. 

¶ Users can interact with protected area polygons to view metadata such as protection type, 

international code, and official URLs. 

7. Acoustic Monitoring (Species via Audio) 

¶ For Cyprus and Greece, the validated acoustic monitoring results have been integrated. 

¶ A dedicated section presents detection metadata (species, timestamp, sensor location, 

conservation/protection status). 

¶ The page also includes interactive maps showing the sensor positions. 

8. User Management and Access Control 

¶ A registration and login system allows users to create accounts and access only their 

designated case study. 

¶ Each user has permissions to view and interact with data from their assigned region. 

9. Export and Data Sharing 

 
5 INPN ς Inventaire National du Patrimoine Naturel. WMS link: https://ws.carmencarto.fr/WMS/119/fxx_inpn, 
WFS link: https://ws.carmencarto.fr/WFS/119/myt_inpn.  Available at: 
https://inpn.mnhn.fr/telechargement/cartes-et-information-geographique/  
6 IGN ς Institut national de l'information géographique et forestière. WMS link: https://data.geopf.fr/wms-
r?SERVICE=WMS&VERSION=1.3.0&REQUEST=GetCapabilities. Available at: https://geoservices.ign.fr/services-
geoplateforme-diffusion 

https://ws.carmencarto.fr/WMS/119/fxx_inpn
https://ws.carmencarto.fr/WFS/119/myt_inpn
https://inpn.mnhn.fr/telechargement/cartes-et-information-geographique/
https://data.geopf.fr/wms-r?SERVICE=WMS&VERSION=1.3.0&REQUEST=GetCapabilities
https://data.geopf.fr/wms-r?SERVICE=WMS&VERSION=1.3.0&REQUEST=GetCapabilities
https://geoservices.ign.fr/services-geoplateforme-diffusion
https://geoservices.ign.fr/services-geoplateforme-diffusion
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¶ CSV export is available for all species predictions and observation data. 

¶ Map layers can also be exported directly from the visualisation map interface. The export 

produces a ZIP file containing a GeoJSON file and a metadata text file detailing the 

corresponding WMS request parameters (e.g., service URL, layer name, and coordinate 

reference system). 

10. System Responsiveness and Usability 

¶ The DSA has been optimised and improved according to the stakeholders’ requests. 

¶ The frontend is built with a user-friendly interface to ensure seamless interactivity.
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TABLE 3: TOOL/DATA & CASE STUDIES MAPPING. 

Tool/Data Source Responsible Organisation Integration Method Spain  France Greece  Cyprus 

Pl@ntNet Vegetation 
Plots & Occurrences 

Inria / Cirad REST API ṉ ṉ ṉ 
(Integrated 

in the DSA, 

not used in 

the case 

study 

fieldwork .) 

ṉ 

GeoPl@ntNet Inria / Cirad REST API ṉ ṉ ṉ ṉ 

Citizen Science 
Observations 
(MINKA) 

ICM-CSIC REST API ṉ ṉ  ṉ 
(Integrated 

in the DSA, 

not used in 

the case 

study 

fieldwork .) 

ṉ 
(Integrated 

in the DSA, 

not used 

in the case 

study 

fieldwork .) 
GBIF GBIF - external org. REST API ṉ ṉ ṉ ṉ 

Bird Sound 
Identification 
(Biocloud) 

Naturalis ClickHouse-based SQL queries via Biocloud - - ṉ ṉ 

Ecosystem Services & 
Future Biodiversity 
Scenarios 

HUA WMS via Pl@ntNet server - ṉ ṉ ṉ 

Landscape Dynamics 
Maps (NDVI, LULC) 

DRAXIS Static layers & WMS from provided images/CS-
specific CSVs 

- - ṉ ṉ 
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Protected Areas 
Maps 

French national services 
(INPN) -external org. 

WMS 
(https://ws.carmencarto.fr/WMS/119/fxx_inpn) 

- ṉ - - 

Historical Maps  IGN (Geoportail) -external 
org. 

WMS (https://data.geopf.fr/wms-r) - ṉ - - 

Species 
Categorisation CSVs 
(e.g., Invasive, EU 
Directive, IUCN, 
Endemism) 

Case study partners Locally hosted CSVs ṉ ṉ - ṉ 

SINP Biodiversity 
Dataset  

SINP / MNHN -external org. Locally hosted CSVs - ṉ - - 
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4 Architecture and Technical Implementation 
4.1  Final System Architecture 
The GUARDEN Decision Support Applications (DSAs) are lightweight, modular web tools designed 

to visualise biodiversity information by combining external data sources, preloaded datasets, and 

real-time visualisations. Hosted on secure eBOS servers, these client-focused applications retrieve 

data in real time through external APIs and Web Map Services (WMS). 

Static CSV files, provided by project partners, are stored locally for enrichment purposes (e.g., 

species classifications, SINP datasets, habitat descriptions). These contain only non-personal 

reference data and are not editable by users. User authentication and access control are securely 

managed through Keycloak and JSON Web Tokens (JWT). 

4.1.1  Implementation and Architecture Details 
The frontend of the GUARDEN DSAs was developed using the React framework (version 18.3.1), an 

open-source JavaScript library for building dynamic, component-based user interfaces. React 

enables single-page applications that update the interface efficiently without reloading, ensuring 

smooth and responsive user interaction. 

Application state is managed through Redux Toolkit and Redux, providing a structured and 

predictable approach to data flow across components. The system follows a client-centric 

architecture, with all components executed within the browser environment. 

Communication with external services follows a Backend-for-Frontend (BFF) approach 

implemented via: 

¶ Axios for HTTP requests, 

¶ Keycloak for authentication and user management, and 

¶ a ClickHouse Client for querying bird identification data. 

This configuration ensures efficient interaction between the user interface, authentication layer, 

and data services while maintaining a modular and maintainable structure. 

The user interface integrates several open-source libraries supporting interaction, data 

visualisation, and geospatial functionality, including: 

¶ Ant Design for UI components and layout, 

¶ ECharts and Recharts for charts and visual analytics, 

¶ Leaflet for interactive map visualisation, 

¶ shpjs for parsing vector files, 

¶ JSZip for handling compressed file formats, 

¶ xml-parselm for XML parsing, and 

¶ a lightweight file server for delivering static resources such as configuration files and pre-

processed datasets. 
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FIGURE 1: GUARDEN DSAS ARCHITECTURE. 

 

4.1.1.1 Front-End UI Layer 

¶ HTML and CSS Components: Define the structure, layout, and responsive design of the 
application interface. 

¶ Map Display Component: Integrates external WMS layers to visualise geospatial data such as 
protected areas, land use, historical maps, and ecosystem overlays. 

¶ Charting Components: Use ECharts and Recharts to display biodiversity indicators and analysis 
results in graphical form. 

4.1.1.2 Data Integration & Processing Layer 

¶ AXIOS Request Handlers: Serve as the bridge between the frontend and the various data 
sources. These handlers send asynchronous HTTP requests to external APIs, receive responses, 
and forward them to the frontend components for rendering. 

¶ Preloaded CSV Data Integration Logic: Locally stored CSV files (e.g., species classifications, 
SINP metadata, habitat labels) are parsed within the client environment. These enrichments 
are applied at runtime by matching species names or codes and assigning attributes such as 
protected, alien, or endemic status. 

Below are the three main types of data sources: 

a) External & GUARDEN Data Sources 

¶ Pl@ntNet API – Provides vegetation plots and species occurrences from user-uploaded 
or open datasets. 

¶ GeoPl@ntNet API – Returns species predictions, biodiversity indicators, and habitat 
models. 
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¶ MINKA API – Integrates citizen science observations from volunteers participating in 
biodiversity monitoring. 

¶ GBIF API – Accesses species occurrence records from the global GBIF database. 
¶ Clickhouse Database: Used only for the Bird Identification module (specifically in the 

Greek case study). This database enables fast SQL queries for sound recognition results.  

b) Web Map Services (WMS) 

Rendered directly in the frontend without backend processing: 

¶ Pl@ntNet WMS – Ecosystem services layers and prediction maps. 
¶ DRAXIS WMS – Landscape cover/use and NDVI maps (e.g., NDVI, vegetation index). 
¶ INPN WMS (France) – Protected areas provided by the Inventaire National du Patrimoine 

Naturel. 
¶ IGN WMS (France) – Historical cartography from the Institut Géographique National. 

These services use the WMS protocol to deliver map tiles to the browser, ensuring that the most 
recent and context-specific geospatial layers are visualised. 

c) Preloaded Datasets (CSV files) 

¶ Species classification tables (e.g., endemic, alien, protected status) 
¶ SINP biodiversity datasets (France) 
¶ Ecosystem services outputs (GR, FR, CY) 
¶ Landscape data per region (e.g., land use, vegetation types) 

4.1.2 Data Handling Workflow 

1. The user interacts with the web interface and selects data sources and geographic areas. 
2. The AXIOS handlers send requests to the appropriate API or database endpoint. 
3. Responses are enriched using preloaded CSV logic, especially for region-specific metadata 

(e.g., France SINP classifications). 
4. Map or chart components render the enriched output using either dynamic WMS layers or 

graphical views. 

4.1.3 Security 
Security and privacy were core design considerations. User account metadata is handled 

exclusively through Keycloak, and no personal or sensitive data is stored within the application. 

Users can delete their own accounts in line with GDPR principles. Access and authentication logs 

are securely maintained on the eBOS hosting servers and are not used for profiling or analytics. 

Data sourced from external biodiversity providers (e.g., GBIF, Pl@ntNet) follow their respective 

open data policies.  

4.1.3.1 User Authentication and Session Management (Keycloak + JWT) 

Keycloak provides centralised identity and access management, including login, registration, 

password reset, and token issuance. Upon login, a JSON Web Token (JWT) is issued to authorise 

subsequent API requests. JWTs are cryptographically signed and include user identity claims and 

expiration timestamps, enabling secure, stateless communication. 

¶ Token Structure: Header, payload (user data, expiration), and signature. 
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¶ Signing Algorithm: HMACSHA512 ensures token integrity and prevents tampering. 
¶ Validation: Each JWT is verified by the server before granting data access. 

4.1.3.2  Account Management and Administrative Control 

Although the final DSA version does not implement role-based access control, system 

administrators can: 

1 Create and delete accounts/ Accounts can also be deleted by users as well.  
2 Reset passwords 
3 Deactivate inactive or misused accounts 
4 Monitor active sessions  

 

4.2 Sequence Diagram  
The following sequence diagram (Figure 2) illustrates user interactions and data flows across the 

GUARDEN DSAs. Upon login, authentication is managed through Keycloak, which issues a secure 

token to the frontend. The user can then access modules such as species observations, predictions, 

indicators, ecosystem services, landscape dynamics, and bird identification. 

Depending on the selected module and geographic area, the frontend sends asynchronous 

requests through Axios handlers to external APIs (e.g., Pl@ntNet, GeoPl@ntNet, MINKA, GBIF) to 

retrieve relevant datasets. Data are enriched using preloaded CSV files (e.g., SINP metadata, 

species classifications) before display. For the Bird Identification module (Greece), results are 

queried from the ClickHouse database using SQL queries. 

Spatial visualisations are generated dynamically from WMS servers (e.g., DRAXIS, Pl@ntNet, INPN, 

IGN) and shapefiles. This workflow ensures modularity, scalability, and seamless integration of 

heterogeneous data sources while maintaining a lightweight, client-centric architecture. 
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FIGURE 2: DSA GENERIC SEQUENCE DIAGRAM. 

 

4.3 Testing and Validation 
Testing and validation were conducted throughout the development process to ensure stability, 

data accuracy, and performance. Internal tests covered authentication, API communication, data 

rendering, and responsiveness across devices and browsers. Validation by case study partners and 

stakeholders confirmed the correct functionality and a satisfactory user experience. 

As described in D5.2 – Planning and setup handbook, and operational management report – Final, 

usability and functional validation followed an iterative Plan–Do–Check–Act (PDCA) cycle: 

¶ Plan: Define test objectives and user scenarios. 

https://guarden.org/wp-content/uploads/2025/10/GUARDEN_D5.2.pdf


D4.4 - Integrated GUARDEN system and DSAs - Final                                                                                                                                                    

©GUARDEN, 2025  22 

 

¶ Do: Execute internal and partner-based usability tests to assess functional accuracy and 

visual performance. 

¶ Check: Review results to identify issues affecting usability, responsiveness, or data 

consistency. 

¶ Act: Apply targeted improvements to enhance performance, interface clarity, and 

reliability. 

Performance benchmarks were monitored using Google Lighthouse and Chrome DevTools, 

focusing on key indicators such as First Contentful Paint (FCP), Largest Contentful Paint (LCP), Total 

Blocking Time (TBT), and Cumulative Layout Shift (CLS). These ensured responsiveness, visual 

stability, and consistent performance during data-intensive operations (see also in D2.6 - GUARDEN 

system architecture design and technical specifications). 

In addition, API response times and communication efficiency were assessed using Postman and 

Apache JMeter. This combination of usability testing, benchmarking, and partner validation 

ensured that the GUARDEN System operates reliably and delivers a smooth, user-friendly 

experience across all case studies. 

 

Performance and Scalability Considerations 

Given the client-side nature of the GUARDEN DSAs, system responsiveness primarily depends on 

the efficiency of browser rendering and the performance of the external APIs and WMS servers 

that supply the data. These external providers already implement their own caching and rate-

limiting mechanisms, while browser-level caching optimises the retrieval of static assets and map 

tiles during use. Thus, performance tested to remain stable under normal concurrent access. If 

future deployments involve significantly higher user traffic or data volumes, a lightweight proxy 

layer could be introduced to support shared caching or request batching without modifying the 

existing architecture. 

4.4 Integrated GUARDEN Components  
This section presents a consolidated overview of the GUARDEN technical components and data 

services integrated into the DSAs. The integrated components include a combination of REST APIs, 

WMS layers, and pre-processed datasets that collectively support the visualisation and analysis of 

biodiversity observations, predictions, habitat models, indicators, acoustic monitoring results, and 

ecosystem services across the project’s four national case studies: France, Greece, Cyprus, and 

Spain. 

4.4.1 Pl@ntNet -Inria/Cirad 
Pl@ntNet, developed by Inria and CIRAD, provides two key biodiversity data services integrated 

into the GUARDEN DSAs: Plots Occurrence and Single Species Observations, both based on the 

Darwin Core (DwC) standard. These services enable access to high-quality, structured vegetation 

and species occurrence datasets across the GUARDEN case study areas. 

The services are fully localised, returning translated content (e.g., species common names) based 

on the language code provided in the request. Data is returned in JSON format, and access is 

secured via an API key mechanism. 

 

https://guarden.org/wp-content/uploads/2025/10/D2.6-GUARDEN-system-architecture-design-and-technical-specifications-Revised-V1.0.pdf
https://guarden.org/wp-content/uploads/2025/10/D2.6-GUARDEN-system-architecture-design-and-technical-specifications-Revised-V1.0.pdf
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4.4.1.1 Plots occurrences – Darwin Core (DWC) service 

¶ Type of Data: Vegetation plot occurrences 

¶ Integration Method: REST API 

¶ Dashboard Functionality Supported: Observation pages 

¶ Geographical Coverage: France, Greece, Cyprus, Spain 

¶ Filtering Parameters: Date, license type, geographic area 

¶ OpenAPI Documentation: https://my-

api.plantnet.org/#/DarwinCore/postV3DwcPlotSearch 

This service enables the retrieval of vegetation plots recorded from field campaigns or curated 

datasets, filtered based on temporal and spatial parameters. It supports the visualisation of 

biodiversity presence in structured environments. 

 

FIGURE 3: JSON RESPONSE RETURNED FROM THE PL@NTNET DARWIN CORE (DWC) API FOR THE PLOTS. 

https://my-api.plantnet.org/#/DarwinCore/postV3DwcPlotSearch
https://my-api.plantnet.org/#/DarwinCore/postV3DwcPlotSearch
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4.4.1.2 Observations occurrences DWC service 

¶ Type of Data: Species observations (individual occurrences) 

¶ Integration Method: REST API 

¶ Dashboard Functionality Supported: Observation pages 

¶ Geographical Coverage: France, Greece, Cyprus, Spain 

¶ Filtering Parameters: Date, license, quality, area, species name, taxon ID 

¶ OpenAPI Documentation: https://my-

api.plantnet.org/#/DarwinCore/postV3DwcOccurrenceSearch 

This service provides access to occurrence records of individual species, which are visualised in the 

GUARDEN dashboard based on selected filters and user-defined spatial areas. The API supports 

rich filtering, including species-level searches and data quality constraints. 

https://my-api.plantnet.org/#/DarwinCore/postV3DwcOccurrenceSearch
https://my-api.plantnet.org/#/DarwinCore/postV3DwcOccurrenceSearch
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FIGURE 4: JSON RESPONSE RETURNED FROM THE PL@NTNET DARWIN CORE (DWC) API FOR THE SPECIES 

OBSERVATIONS. 

 

4.4.2 GeoPl@ntNet-Inria/Cirad 
The following GeoPl@ntNet services have been integrated into the GUARDEN DSAs to support 

predictive modelling, indicator generation, and spatial visualisation. Services 4.4.2.1 to 4.4.2.4 are 

localised (i.e., they support multiple languages), and return translated species names and other 
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relevant fields when a language code is provided. API access is secured via an API key. WMS 

services (4.4.2.5) are publicly accessible and used for map visualisation. 

4.4.2.1 Case studies list service 

¶ Type of data: List of available case studies. 
¶ Integration method: REST API. 
¶ Geographical coverage: France, Greece, Cyprus, Spain. 
¶ Filtering/Parameters: None. 
¶ OpenAPI doc: getV2GuardenCs 

 

 

FIGURE 5: JSON RESPONSE FROM THE CASE STUDY LIST SERVICE. 

 

4.4.2.2 Habitats list services 

¶ Type of data: Predicted habitat models per area. 

¶ Integration method: REST API. 

¶ Dashboard functionality supported: Habitat page. 

¶ Geographical coverage: France, Greece, Cyprus, Spain. 

¶ Filtering/Parameters: Case study, point, or area-based queries. 

¶ OpenAPI docs: 

¶ getV2GuardenHabitats 

¶ getV2GuardenCsHabitats 

¶ postV2GuardenCsHabitatsPoint 

¶ postV2GuardenCsHabitatsArea 

 

https://my-api.plantnet.org/#/guarden/getV2GuardenCs
https://my-api.plantnet.org/#/guarden/getV2GuardenHabitats
https://my-api.plantnet.org/#/guarden/getV2GuardenCsHabitats
https://my-api.plantnet.org/#/guarden/postV2GuardenCsHabitatsPoint
https://my-api.plantnet.org/#/guarden/postV2GuardenCsHabitatsArea
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FIGURE 6: JSON API RESPONSE FROM THE GEOPL@NTNET "HABITATS LIST" SERVICE. 

 

 

FIGURE 7: API RESPONSE SHOWING HABITAT TYPES AND THEIR CORRESPONDING PERCENTAGE COVERAGE 

WITHIN A SELECTED AREA, INCLUDING ASSOCIATED COLOUR CODES FOR MAP VISUALISATION. 
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4.4.2.3 Indicators list services 

¶ Type of data: Environmental and biodiversity indicators. 

¶ Integration method: REST API. 

¶ Dashboard functionality supported: Indicators page. 

¶ Geographical coverage: France, Greece, Cyprus, Spain. 

¶ Filtering/Parameters: Case study, point, or area-based queries. 

¶ OpenAPI docs: 
o getV2GuardenIndicators 
o getV2GuardenCsIndicators 
o postV2GuardenCsIndicatorsPoint 
o postV2GuardenCsIndicatorsArea 

 

 

 

FIGURE 8: API RESPONSE SHOWING A LIST OF ECOLOGICAL INDICATORS, INCLUDING THEIR NAMES, 
ALIASES, AND DESCRIPTIONS, USED FOR ASSESSING BIODIVERSITY AND CONSERVATION STATUS WITHIN 

THE GUARDEN DSAS. 

https://my-api.plantnet.org/#/guarden/getV2GuardenIndicators
https://my-api.plantnet.org/#/guarden/getV2GuardenCsIndicators
https://my-api.plantnet.org/#/guarden/postV2GuardenCsIndicatorsPoint
https://my-api.plantnet.org/#/guarden/postV2GuardenCsIndicatorsArea
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FIGURE 9: API RESPONSE PRESENTING STATISTICAL SUMMARIES (MINIMUM, MAXIMUM, AND MEAN 

VALUES) FOR KEY BIODIVERSITY INDICATORS SUCH AS TREE SPECIES RICHNESS, ENDEMISM, AND OVERALL 

SPECIES RICHNESS. 

 

4.4.2.4 Species list services 

¶ Type of data: Predicted species occurrences. 

¶ Integration method: REST API. 

¶ Dashboard functionality supported: Predictions page. 

¶ Geographical coverage: France, Greece, Cyprus, Spain. 

¶ Filtering/Parameters: Case study, point, or area-based queries. 
¶ OpenAPI docs: 

o getV2GuardenSpecies 

o getV2GuardenCsSpecies 

o postV2GuardenCsSpeciesPoint 

o postV2GuardenCsSpeciesArea 

https://my-api.plantnet.org/#/guarden/getV2GuardenSpecies
https://my-api.plantnet.org/#/guarden/getV2GuardenCsSpecies
https://my-api.plantnet.org/#/guarden/postV2GuardenCsSpeciesPoint
https://my-api.plantnet.org/#/guarden/postV2GuardenCsSpeciesArea
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FIGURE 10: API RESPONSE FOR SPECIES PREDICTIONS. 

 

4.4.2.5 Web Map Services (WMS) 

¶ Type of data: Binary raster layers of predicted species distributions and indicator values. 
¶ Integration method: WMS layers. 
¶ Dashboard functionality supported: Visualisation of indicator and species maps under the 

respective pages. 
¶ Geographical coverage: France, Greece, Cyprus, Spain. 
¶ Filtering/Parameters: Layer selection (species or indicators). 
¶ WMS Capabilities URLs: 
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¶ https://maps.plantnet.org/guarden/barcelona/indicators?service=WMS&request=
GetCapabilities   

¶ https://maps.plantnet.org/guarden/barcelona/species?service=WMS&request=Get
Capabilities 

 

FIGURE 11: WMS LAYERS SUPPORTED BY GEOPL@NTNET. 

 

4.4.3 MINKA-CSIC 
The MINKA API, developed and maintained by CSIC, provides access to global species observation 

data collected through citizen science initiatives. The service allows end-users to query biodiversity 

records contributed by volunteers worldwide, enriching the GUARDEN DSAs with real-time citizen-

contributed observations. 

¶ Type of data: Species observations 

¶ Integration method: REST API 

¶ Dashboard functionality supported:  Species Observation pages 

¶ Geographical coverage or relevance: Global 

¶ Data filtering or parameters supported: 

o Date (temporal filtering) 

o Geographic area (spatial queries) 

https://maps.plantnet.org/guarden/barcelona/indicators?service=WMS&request=GetCapabilities
https://maps.plantnet.org/guarden/barcelona/indicators?service=WMS&request=GetCapabilities
https://maps.plantnet.org/guarden/barcelona/species?service=WMS&request=GetCapabilities
https://maps.plantnet.org/guarden/barcelona/species?service=WMS&request=GetCapabilities
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o Taxon ID 

o Taxon rank 

o User identifier 

o License type 

o Quality grade (to ensure filtering of records based on validation status) 

This integration strengthens the DSAs by leveraging citizen science contributions, complementing 

institutional datasets, and improving biodiversity monitoring at multiple scales. 

 

4.4.4 Bird ID-Naturalis  
The Bird Sound ID tool provides an API for submitting audio file(s) and receiving in return, for each 

file, predictions of the bird species present. For each file, there may be zero, one, or multiple 

predicted species; thus, a list is returned for each file, providing a list of species along with a 

numerical confidence level for each one. 

The recognition API uses standard REST protocols for web queries, and the output follows the 

Arise species recognition API format: https://www.arise-biodiversity.nl/post/an-api-for-ai-species-

recognition   

The final status of the bird recognition algorithm: 

Multiple variants have been developed, trained, and evaluated, and decisions have been made 

about the final configuration. 

Evaluation: 

¶ A prototype of the algorithm has been evaluated by an external partner (SOVON), and 
confirmed to have recognition performance approximately comparable with other bird 
sound classifiers (BirdNet, Perch). 

¶ Further evaluation has been conducted using soundscape data. These are described in the 
open-access publication by Ghani B. et al[1].  

 

Deployment: 

¶ The algorithm has been successfully deployed to the Arise platform. 

¶ The algorithm has also been integrated into the Xeno-canto platform, as a secondary way 
to make us of it. 

Integration method: The algorithm is hosted on the Arise platform (a Dutch national 

infrastructure) and on Xeno-canto (an international citizen science community platform). These 

are accessible by various users. However, for the GUARDEN DSAs we encountered an integration 

issue that the algorithm results for case studies need to be pre-calculated and stored somewhere 

– the expected hosting for this within Arise was not ready within the project time period. As a 

backup option, Naturalis provided a database server (using Clickhouse technology) to provide 

secured access for the DSA to precalculated results. 

An example of the JSON data returned from the bird sound classifier is as follows (taken from 

the Arise documentation): 

https://www.arise-biodiversity.nl/post/an-api-for-ai-species-recognition
https://www.arise-biodiversity.nl/post/an-api-for-ai-species-recognition
https://db.guarden.naturalis.io/play
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{ 

  "generated_at_time": "2021-04-14T13:26:29Z", 

  "generated_by": { 

    "tag": "mfn_euro_birds", 

    "version": "1fd68f8c8cb93ec4e45049fcf9a056628e9599aa815790a2a7b568aa" 

  }, 

  "media": [ 

    { 

      "filename": "https://data.arise-biodiversity.nl/.....soundfile1.mp3", 

      "id": "soundfile1.mp3" 

    } 

  ], 

  "region_groups": [ 

    { 

      "id": "https://data.arise-biodiversity.nl/........soundfile1.mp3?region=0", 

      "regions": [{ 

        "media_id": "soundfile1.mp3" 

      }] 

    } 

  ], 

  "predictions": [ 

    { 

      "region_group_id": "https://data.arise-biodiversity.nl/........soundfile1.mp3?region=0", 

      "taxa": { 

        "type": "multiclass", 

        "items": [ 

          { 

            "scientific_name": "Accipiter nisus", 

            "taxon_id": "178@WRN", 

            "scientific_name_id": "https://observation.org/species/383/", 

            "probability": 0.9970064163208008 

          }, 
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          { 

            "scientific_name": "Falco columbarius", 

            "taxon_id": "117@WRN", 

            "scientific_name_id": "https://observation.org/species/383/", 

            "probability": 0.0029197214171290398 

          } 

        ] 

      } 

    } 

  ] 

} 

 

4.4.5 Ecosystem Services-HUA 
The Ecosystem Services component, developed by HUA, provides access to ecosystem services 

and habitat quality assessments through Web Map Services (WMS). These services enable the 

visualisation and comparison of different scenarios, allowing end-users to explore how ecosystem 

services and habitat quality evolve under various conditions. 

¶ Type of data: Ecosystem services and habitat quality maps 

¶ Integration method: WMS layers 

¶ Dashboard functionality supported: 

o Visualisation of ecosystem services and habitat quality maps 

o Definition and description tables for each service 

o Interactive slider for comparing current and future scenarios 

o Calculation and display of mean value statistics per ecosystem service bundle 

o Map legends for interpretation of layers 

¶ Geographical coverage or relevance: 

o France: Parc Naturel Régional de la Narbonnaise en Méditerranée (PNRN) territory 

o Greece: Regions of Karystos and Thrace 

o Cyprus: Vassilikos Bay 

¶ Data filtering or parameters supported: 

o Area selection 

o Scenario selection (e.g., current vs. future projections) 

o Ecosystem services indicator selection 
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This integration allows stakeholders to compare spatial and temporal dynamics of ecosystem 

services, supporting informed decision-making for sustainable landscape and biodiversity 

management. 

4.4.6 Landscape Dynamics-Draxis 
The Landscape Dynamics component, developed by DRAXIS, provides access to Land Use/Land 

Cover (LULC) and Vegetation NDVI datasets through Geoserver Web Map Services (WMS). These 

services enable temporal comparisons of landscape change and vegetation dynamics across the 

case studies. 

¶ Type of data delivered: Land Use/Land Cover and Vegetation NDVI maps 

¶ Integration method: Geoserver WMS layers 

¶ Dashboard functionality supported: 

o Visualisation of landscape dynamics maps 

o Statistical tables summarising land cover and vegetation changes 

o Accuracy assessment tables for validation of results 

o Map legends for interpretation of the spatial layers 

¶ Geographical coverage or relevance: 

o Greece 
o Cyprus 

This integration allows users to analyse trends in land use and vegetation cover, providing valuable 

insights into landscape dynamics and environmental change over time. 

 

4.5  Open Standards, Interoperability, and Licensing 
The entire GUARDEN technological stack adheres to open standards and open-source principles. 

It integrates protocols such as Open Geospatial Consortium (OGC) WMS/WFS, GeoJSON, and REST 

APIs, and employs open-source libraries for data visualisation and modelling. This approach 

ensures full interoperability with national and regional GIS infrastructures and facilitates reuse or 

replication by third parties. Its modular design further allows individual components, such as 

predictive models or visualisation layers, to be replaced or upgraded without impacting the overall 

system. 

The GUARDEN DSAs build upon open technologies to promote transparency, reproducibility, and 

sustainability. The use of OGC-compliant web services (e.g., WMS, WFS) and open data formats 

(e.g., CSV, GeoJSON) ensures that data and visualisations can be accessed and integrated within 

any compatible GIS environment. The frontend libraries (React, Leaflet, ECharts, Recharts, Ant 

Design, etc.) are open source and licensed under permissive terms (MIT or Apache 2.0), ensuring 

continued accessibility and alignment with EU principles of openness. 
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5 Case Study Configurations and Validation 
This chapter presents the final deployment and configuration of the four DSAs developed within 

the GUARDEN project for the case studies of Cyprus, France, Greece, and Spain. Each DSA has been 

tailored to the specific environmental, technical, and stakeholder contexts of the corresponding 

country, while being built upon a shared modular architecture and interface logic. 

The GUARDEN DSAs are accessible through a unified entry point at: 

https://guarden.ebosrndportal.com 

Upon visiting the platform, a login page (Figure 12) is displayed. New users can register for an 

account, using their email, before accessing the dashboard (Figure 13). Once authenticated, users 

are directed to the dashboard interface, which consists of several modules, including: 

¶ Species Observations 

¶ Species Predictions 

¶ Indicators Predictions 

¶ Habitats Predictions 

¶ Ecosystem Services Scenarios 

¶ Landscape Dynamics 

¶ Bird Identification/ Acoustic Monitoring Results 

 

FIGURE 12: GUARDEN DSAS LOGIN PAGE. 

 

https://guarden.ebosrndportal.com/
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FIGURE 13: GUARDEN DSA REGISTRATION FORM. 

Throughout the development and deployment process, the project followed a Plan–Do–Check–

Act (PDCA) cycle, as described in the previous chapter. This iterative approach was used to 

integrate feedback from stakeholders and case study leaders into each stage of development. The 

cycle was repeated multiple times to ensure that the final version of each DSA would meet the 

practical needs and expectations of end users. 

Performance aspects were evaluated following the principles established in D2.6 - GUARDEN 

system architecture design and technical specifications. Internal testing and pilot user evaluations 

confirmed that the GUARDEN DSAs operate efficiently, with responsive interactions and stable API 

connections. No significant latency or usability issues were reported during validation, indicating 

that the implemented system meets the expected performance benchmarks. The complete 

evaluation and validation outcomes from these cycles are presented in D5.2 – Planning and setup 

handbook, and operational management report – Final and D5.4 – Performance evaluation, impact 

assessment and replication guidelines – Final . In the current deliverable, we provide a summary of 

the final DSA configurations for each case study, including information on case-specific 

adaptations and interface customisations.  

5.1  France Case Study 
 The aim of this case study is to facilitate the integration of flora and habitat conservation 

considerations within the context of transport infrastructure development and urbanisation. As 

part of the GUARDEN project, collaboration has been initiated between the Narbonnaise Regional 

Nature Park and the Conservatoire Botanique National Méditerranéen, a member of the GUARDEN 

consortium. GUARDEN aims to improve understanding of local flora, habitats, and ecosystem 

services, thereby helping to address conservation challenges. Natural area managers will benefit 

from a quicker, more up-to-date, and accurate assessment of both plant species and the EU-

Habitats. Their decision-making will be faster, ensuring smoother processing of planning 

applications. This will be achieved through four key GUARDEN 

technologies: Pl@ntNet, GeoPl@ntNet, Ecosystem Future Scenarios Maps, and the Decision 

Support Application, which integrates these tools. 

https://guarden.org/wp-content/uploads/2025/10/D2.6-GUARDEN-system-architecture-design-and-technical-specifications-Revised-V1.0.pdf
https://guarden.org/wp-content/uploads/2025/10/D2.6-GUARDEN-system-architecture-design-and-technical-specifications-Revised-V1.0.pdf
https://guarden.org/wp-content/uploads/2025/10/GUARDEN_D5.2.pdf
https://guarden.org/wp-content/uploads/2025/10/GUARDEN_D5.2.pdf
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The Pl@ntNet application improves plant identification by introducing a new function for 

identifying plants within quadrats. To support its development, the Conservatoire carried out 

botanical inventories and photographing quadrats, mainly in the Parc de la Narbonnaise and along 

the planned train route. GeoPl@ntNet provides predictions of indicators and habitat maps in the 

area. The Future Scenarios Maps visualise biodiversity and ecosystem services under different 

climate and land-use scenarios. They also make it possible to assess the different train route 

options and their potential impacts. Finally, the Decision-Support Application centralises all this 

information, providing a holistic view to aid decision-making.  

5.1.1 DSA customisation 
The French Case Study DSA (Figure 14) was developed to support biodiversity-sensitive decision-

making processes for infrastructure and urban development projects. The customisation focused 

on integrating spatially explicit data, predictive models, and ecosystem service analysis within a 

user-friendly interface. This version of the DSA reflects local context, datasets, and stakeholder 

requirements specific to the French pilot area.  

 

FIGURE 14: FRENCH CASE STUDY DSA HOME PAGE. 

5.1.1.1  Structure and Categories 

The French DSA is structured into four main thematic categories, accessible from the home page: 

¶ Species Distribution (Observations & Predictions) 

¶ Predicted Habitats 

¶ Biodiversity Indicators 

¶ Ecosystem Services 

Each of these categories is supported by interactive satellite and historical maps, filtering options, 

and detailed metadata, allowing users to assess environmental implications within selected areas 

of interest. 

On the homepage, there is a button that directs users to the case study webpage on the project’s 

website, providing more information. Additionally, a help button can be found on the upper right-

hand side, with instructions. On each DSA page, a link to the respective technology’s GUARDEN 
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website information page is also provided, providing more information on the methodologies used 

to produce the data and maps.  

5.1.1.2 Map Tools and Spatial Layers 

All pages across the DSA are built on interactive satellite maps, which provide: 

¶ Historical layers including Aerial 1950–1965, SCAN 1950, 1820–1866 French Army maps 
¶ Protected areas (from INPN) 
¶ Railway infrastructure routes (Current and scenario-based routes) 
¶ User-defined spatial selection tools for area filtering 

These tools allow users to focus their exploration and analysis on specific territories, enabling the 

visualisation and export of relevant biodiversity, habitat, or ecosystem data. 

 

 

 

FIGURE 15: MAP VISUALISATION UPON PROTECTED AREAS AND HISTORICAL MAP SELECTION. 

 

By selecting the Use Case & Protected Area option from the upper dropdown menu on the bottom-

left side of the map, several protected area layers are displayed. These can be filtered using the 

button on the right-hand side of the map as indicated in the figure below. The layers can also be 

exported as a ZIP file containing a GeoJSON dataset and metadata text file describing the 

corresponding WMS parameters, enabling reuse in GIS applications (Figure 16). 
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FIGURE 16: VISUALISATION OF PROTECTED AREAS IN THE FRENCH CASE STUDY. 
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5.1.1.3 Species Distribution: Observations and Predictions 

The Species section in the France case study DSA includes two main sub-categories: 

1. Observations, which provide access to species occurrence data from five data sources: 

¶ MINKA 

¶ Pl@ntNet Occurrences 

¶ Pl@ntNet Plots 

¶ GBIF 

¶ SNIP (Système National d’Information sur la Nature et les Paysages) 

Upon selecting a spatial area on the map and the data source, a detailed list of recorded species is 

presented, which includes taxonomic details, status (e.g., protected, alien, invasive alien species 

according to IUCN), images (where available), and other metadata (Figure 18). The information 

provided for each species was corrected to reflect the local context, using data from CSV files 

provided by the case study leaders to accurately present the species' categorisation.  

 

 

FIGURE 17: FR CASE STUDY SPECIES OBSERVATIONS INTERACTIVE MAP. 
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FIGURE 18: FRENCH CASE STUDY SPECIES OBSERVATIONS/ PL@NTNET PLOTS RESULTS PRESENTATION 

AND FILTERING. 

 
 

2. The Species Predictions (species sub-page), powered by the GeoPl@ntNet API, offer 
predictive species in the selected area. The interface and filtering functionalities in this section 
mirror the structure of the Observations tab, ensuring consistency in user experience (Figure 
19). 

Both pages include: 

¶ Results presentation 
¶ Free-text filtering 
¶ Year filtering 
¶ Export to CSV 
¶ Status filters (e.g. protected, alien) derived from local CSV files provided by French case 

study leaders to reflect the national context 
¶ Language switching for the common names 
¶ Data Source acknowledgements and website links to the respective tool pages 
¶ Help button with instructions 
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FIGURE 19: FRENCH CASE STUDY SPECIES PREDICTION RESULTS PRESENTATION. 

5.1.1.4 Habitat Page 

The Predicted Habitats section (Figure 20, Figure 21) allows users to explore modelled distributions 

of EUNIS habitats derived from the GeoPl@ntNet API. A dropdown list provides a selection of 

habitat types, along with associated metadata (e.g., description, source, level), and accompanying 

distribution maps. 

For each habitat, the system automatically assesses its presence across four reference lists: 

¶ EUNIS Terrestrial Habitats – European Red List 
¶ EUNIS Marine Habitats – European Red List 
¶ EUNIS Terrestrial Habitats – Habitats Directive Annexe I 
¶ EUNIS Marine Habitats – Habitats Directive Annexe I 

The above categories are presented along explanatory pop-up windows providing definitions and 

helping users understand the relevance, status, and protection of the habitat under international 

frameworks. 
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FIGURE 20: FRENCH CASE STUDY DSA - HABITAT PAGE 

 

FIGURE 21: FRENCH CASE STUDY DSA- HABITAT PREDICTION INTERACTIVE MAP. 

5.1.1.5 Indicators 

The Indicators section (Figure 22) allows users to visualise ecological indicators, such as Species 

richness, Shannon diversity index, and the presence of invasive species, among others. 

Users can select from a predefined list and visualise spatial distributions on the map. The system 

supports layer opacity control, enabling comparative analysis over other datasets such as 

protected areas or historical land uses. 
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FIGURE 22: FRENCH CASE STUDY DSA - INDICATORS PAGE. 

5.1.1.6 Ecosystem Services 

The Ecosystem section (Figure 23) offers a comparative view of ecosystem service scenarios and 

bundles. The two scenarios are shown together on a map, separated by a slider that enables easy 

comparison of changes. Users can: 

¶ Select from predefined indicators and scenarios 
¶ View maps of ES bundles (Figure 24). 
¶  Compare results across scenarios via bar charts 

A map-based view and summaries are provided for the scenarios, with descriptions of each bundle 

and its composition. 

 

FIGURE 23: FRENCH CASE STUDY - ECOSYSTEM SERVICES SCENARIO COMPARISON. 
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FIGURE 24: FRENCH CASE STUDY- ECOSYSTEM SERVICES BUNDLES. 

5.2  Greek Case Study 
The Greek case study examines the potential conflict between the ambitious goals and 

requirements set by the EU and Greek policymakers for the development of wind energy farms, 

and the need to protect biodiversity. Specifically, Case Study 2 aims to enhance the monitoring 

capacity of biodiversity within broader wind farm areas, with a primary focus on birds.  

The DSA for this case study provides access to data from the aforementioned GUARDEN tools, 

MINKA, Pl@ntNet, and GeoPl@ntNet, as well as Ecosystem Services analysis by HUA, and 

Landscape Dynamics maps produced by DRAXIS.  

However, the primary focus of this case study is the results of the acoustic monitoring work 

conducted in the two study areas, and consequently, the findings of the bird species identification 

by the Naturalis Biodiversity Centre (Naturalis), derived from the recordings.  

Naturalis is the technical partner in the GUARDEN project, responsible for processing all audio data 

collected during the implementation of the case study. Naturalis has developed a specialised deep-

learning bird audio identification algorithm to identify bird vocalisation and produce predictions of 

the respective bird species.  

The outcomes of the case study are presented in the respective DSA and are expected to enhance 

the ability of windfarm owners, monitoring services providers, and regulatory authorities to 

understand potential interactions of biodiversity elements with the installed wind turbines and the 

possible influence of windfarm installations over ecosystem services. At the same time, the 

analysis of ecosystem services will distil the knowledge and perspectives of stakeholders to 

provide insights into the trade-offs and synergies between different environmental variables and 

human activities that may occur in areas of wind farm development. 
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5.2.1 DSA customisation 
The Greek DSA has been customised to address the specific needs of ecosystem monitoring and 

biodiversity assessment in Greece, with a focus on post-construction monitoring of windfarms. The 

homepage (Figure 25) provides direct access to six core modules: Species, Habitats, Indicators, 

Bird Acoustic Monitoring, Ecosystem Services, and Landscape Dynamics. Each module integrates 

tailored datasets and services relevant to the Greek context, ensuring a comprehensive 

representation of biodiversity and environmental impacts. 

 

FIGURE 25: GREECE’S DSA HOMEPAGE. 

5.2.1.1 Bird Acoustic Monitoring 

The Acoustic Monitoring module of the Greek Case Study DSA provides validated bird species 

identification results generated through the bird sound recognition system. This module is 

designed to support the monitoring of avian activity around windfarms and is divided into two 

pages: Spatial Analysis and Temporal Analysis. 

5.2.1.1.1 Spatial Analysis 

The Spatial Analysis page (Figure 26) of the Acoustic Monitoring module provides access to 

validated bird species identification results in Thrace and Evia, through an interactive and filterable 

interface. 

At the core of the interface lies the Sensor Network Map, which displays the locations of both 

sensors and wind turbines. By clicking on a sensor, users can see detailed metadata such as sensor 

ID, altitude, exact coordinates, and whether the sensor is in a control or study area. Wind turbines 

are also interactive, providing information on their location, installed power diameter, tower 

height, and altitude. 

Beneath the map, a Detection Records table presents the available acoustic data filtered 

automatically by the selected study area. Each record includes sensor ID, timestamp, species name 

(both common and scientific), and the associated probability score of identification. 

To refine exploration, the tool offers several filters, including: 

¶ Sensor ID 
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¶ Control/Study area 

¶ Species name 

¶ Date range 

¶ Chart metric (number of detections or number of species) 

The lower section of the page integrates a dynamic charting component. The visualisations update 

in real time based on applied filters and selected chart metrics. Users can toggle between species 

distribution by sensor and detection counts (Figure 27 and Figure 28). 

 

 

FIGURE 26: ACOUSTIC MONITORING SECTION - INTERACTIVE MAP, DATA PRESENTATION AND AVAILABLE 

FILTERS. 
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FIGURE 27: SPECIES DISTRIBUTION BY SENSOR/MICROPHONE IN THE GREEK CASE STUDY (SPATIAL 

ANALYSIS VIEW). THE STACKED BAR CHART ILLUSTRATES THE NUMBER OF DETECTIONS PER SENSOR , 

CATEGORISED BY SPECIES, ALLOWING FOR COMPARISON BETWEEN STUDY AND CONTROL AREAS. 

 

 

 

FIGURE 28: NUMBER OF DETECTED SPECIES PER SENSOR IN THE GREEK CASE STUDY (SPATIAL ANALYSIS 

VIEW). THE BAR CHART COMPARES DETECTIONS BETWEEN STUDY AREAS (ORANGE) AND CONTROL AREAS 

(BLUE). 

5.2.1.1.2 Temporal Analysis 

The Temporal Analysis page allows users to explore bird detection patterns over time, providing 

insights into seasonal and daily variations across the two study areas (Evia and Thrace).  The map 

interface is consistent with the spatial analysis view, displaying wind turbine and sensor locations. 

By clicking on each feature, detailed information is provided, such as sensor code, altitude, 
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distance to the nearest turbine, and turbine-specific attributes (location, power, diameter, height, 

altitude). 

Detection records are displayed in a table including timestamp, species name, scientific name, 

detection probability, and whether the data originates from the control or study area. The system 

supports filtering by: 

¶ Sensor ID 

¶ Control/Study area 

¶ Species name 

¶ Date range 

¶ Time scale  

Below the table, an interactive time-series chart (Figure 29) visualises total detections over the 

selected time range. The chart dynamically updates when filters are applied, allowing users to 

compare detection trends for specific species or across sensors. This enables end-users to identify 

peaks in bird activity, seasonal patterns, and potential correlations with turbine locations. 

All tables and charts can be exported (CSV for tables, image format for charts) to support further 

analysis and reporting. 

 

FIGURE 29: TEMPORAL ANALYSIS OF BIRD DETECTIONS IN THE GREEK CASE STUDY. THE LINE CHART 

DISPLAYS THE TOTAL NUMBER OF DETECTIONS AGGREGATED BY DAILY INTERVALS , ENABLING USERS TO 

EXAMINE FLUCTUATIONS AND TEMPORAL PATTERNS IN SPECIES ACTIVITY . 

 

5.2.1.2 Species: Observations & Predictions 

As mentioned earlier, this case study primarily focuses on assessing biodiversity capacity in wind 

farm regions, especially concerning birds; flora examination and analysis in these areas were not a 

main focus. Nevertheless, similar to other case studies, a Species page was developed, which 

includes both observed and predicted plant data for a more complete overview of the available 

information. This also facilitates future research and analysis using the GUARDEN tools in areas of 

potential interest: 

¶ Observation data is sourced from MINKA, Pl@ntNet (Occurrences), and GBIF. 
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¶ Users can explore species per selected area, filter by name, protection status, alien species 

category, observation year, or use free-text search. 

¶ Predicted species distribution is retrieved via the GeoPl@ntNet API and follows the same 

structure as the observations tab. 

¶ Species cards include metadata, images (when available), taxonomy, locations, 

biodiversity status, etc. 

 

 

FIGURE 30: GREECE'S DSA - SPECIES OBSERVATION PAGE (PL@NTNET OCCURRENCES). 

5.2.1.3 Ecosystem Services 

This section supports the integration of ecosystem services (ES) into planning and policy decisions 

related to the green energy infrastructure in Greece. Developed in the context of the windfarms’ 

expansion, the ES maps showcase how developmental plans influence the supply of ES, 

biodiversity, and human well-being, particularly in and around protected areas. 
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By using a spatially explicit Bayesian Belief Network (BBN) modelling approach, the ES maps 

visualise the distribution of ES under different management scenarios. These visual outputs reveal 

spatial patterns, synergies, and trade-offs among ES that were deemed important to local 

stakeholders and actors. The output maps are presented in 5 classes (Very high, High, Medium, 

Low, Very low), referring to the study areas’ capacity to support and provide ES. With these maps, 

the DSA hopes to support decision-makers in identifying zones of conflict or synergy, prioritising 

interventions, and exploring future scenarios of windfarm expansion. 

The future scenarios assessed include: 

o Development Scenario (Business-As-Usual): Focuses on expanding windfarm installations 

in mountainous and natural areas based on energy potential. Major landscape impacts are 

expected due to the need for new roads and infrastructure. 

o Repowering Scenario (Green Economy): Prioritizes sustainability by upgrading existing 

wind turbines to higher-capacity models without expanding into new areas. It minimises 

landscape disruption by relying on the current road network with only minor interventions. 

 

 

 

FIGURE 31: GREECE'S DSA - ECOSYSTEM SERVICES ANALYSIS. 

 

5.2.1.4 Indicators Section 

As in the previous DSA, the Indicators page includes a broad range of ecological metrics, visualised 

on an interactive map interface with adjustable layer opacity, facilitating comparative spatial 

analysis across areas. Users can explore and visualise spatial predictions of: 

¶ Species richness 
¶ Shannon diversity index 
¶ Invasive species  
¶ EUNIS Habitats 
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¶ EU Directive 
¶ Specialisation 
¶ Tree Species Richness 
¶ IUCN Threat 
¶ IUCN worst label  

5.2.1.5 Habitats Section 

The Habitat Predictions feature allows users to explore the presence and distribution of selected 

EUNIS habitat types based on GeoPl@ntNet's predictive modelling, similarly to the French Case 

Study DSA. Each habitat selection provides a brief description, classification level, and source 

information. 

5.2.1.6 Landscape Dynamics 

The Landscape module contains two interactive tools: 

1. Land Use / Land Cover (LULC) 

Users can compare land use across time (e.g., 2015 vs 2023) using a side-by-side map viewer. The 

LULC types include: 

¶ Developed 

¶ Trees 

¶ Cultivated 

¶ Shrubland 

¶ Burned 

A dedicated bar chart summarises the area change (in km²) for each class over time (Figure 33). A 

table provides information on the map accuracy. The Map Accuracy Table shows how well each 

land use/land cover category was classified compared to reality on the ground. 

¶ Accuracy Values: Numbers close to 1 (or 100%) mean higher confidence, while lower 

values indicate more uncertainty. 

¶ Total Accuracy: Shows how much of the map is correct overall. 

¶ Kappa Value: Confirms that the results are very reliable and not just a matter of chance. 

Values above 0.8 indicate strong reliability. 
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FIGURE 32: LANDSCAPE DYNAMICS MAP. 
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FIGURE 33: LAND USE/COVER DATA PRESENTATION. 

 

2. NDVI Indicator 

This tool compares vegetation health using NDVI layers (Figure 34Figure 45) from 2015 and 2023. 

Users can: 

¶ Adjust layer opacity 

¶ Visually detect vegetation loss or recovery patterns 

 

 

FIGURE 34: NDVI INDICATOR BETWEEN 2015 AND 2023. 

5.3  Spain Case Study 
The Barcelona case study focuses on enhancing the management and protection of coastal dune 

ecosystems in several coastal metropolitan municipalities, including Castelldefels, Gavà, 
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Viladecans, El Prat de Llobregat, Barcelona, Sant Adrià del Besòs, Badalona, and Montgat. The area 

faces increasing ecological pressures from urban development, climate change, and biological 

invasions, making it an ideal pilot for implementing biodiversity-driven planning tools. 

The case study aims to address these challenges through: 

¶ Biodiversity conservation 
¶ Community engagement 
¶ Collaborative governance involving public institutions, private organisations, and NGOs 
¶ Data-informed decision-making supported by GUARDEN digital tools 

In particular, the pilot promotes citizen science participation, primarily through volunteer-based 

data collection, environmental education, and visualisation of ecological trends. 

 

5.3.1 DSA customisation 
The Spanish DSA was customised to support local biodiversity monitoring, focusing on species 

distribution, ecological indicators, and predictive habitat mapping in coastal and urban settings. 

The interface and map layers reflect the specific territorial scope and management needs of the 

Àrea Metropolitana de Barcelona (AMB). 

The GUARDEN DSA (Figure 35) for the Spain case study integrates key datasets and predictive 

models from the project’s core technologies: 

¶ MINKA species observations 
¶ Pl@ntNet quadrat-based Plots 
¶ Pl@ntNet Occurrences 
¶ GBIF records 
¶ GeoPl@ntNet-based predictions for species 
¶ GeoPl@ntNet indicator maps (e.g. species richness, invasive index) 
¶ GeoPl@ntNet habitat prediction maps 

 

FIGURE 35: THE DSA HOME PAGE OF THE SPANISH CASE STUDY. 
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5.3.1.1 Species Section 

Similar to the rest of the case studies, the Species page includes both observations (Figure 

36,Figure 37)and predictions: 

¶ Observation data is sourced from MINKA, Pl@ntNet (Occurrences and Plots), and GBIF. 
¶ Users can explore species per selected area, filter by name, protection status, alien species 

category, observation year, or use free-text search. 
¶ Predicted species distribution is retrieved via the GeoPl@ntNet API and follows the same 

structure as the observations tab. 
¶ Species cards include metadata, images (when available), taxonomy, locations, 

biodiversity status, etc. 

 

 

FIGURE 36:  SPECIES OBSERVATIONS PAGE OF THE SPANISH DSA, WHEN MINKA IS SELECTED AS THE 

DATA SOURCE. 
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FIGURE 37: SPECIES OBSERVATIONS DATA PRESENTATION IN THE SPANISH DSA. 

 

5.3.1.2 Indicators Section 

As in all DSAs, the Indicators page (Figure 38) includes a broad range of ecological metrics. Users 
can explore and visualise spatial predictions of: 

¶ Species richness 
¶ Shannon diversity index 
¶ Invasive species  
¶ EUNIS Habitats 
¶ EU Directive 
¶ Specialisation 
¶ Tree Species Richness 
¶ IUCN Threat 
¶ IUCN worst label  

Indicators are visualised on an interactive map interface with adjustable layer opacity, facilitating 

comparative spatial analysis across areas. 



D4.4 - Integrated GUARDEN system and DSAs - Final                                                                                                                                                    

©GUARDEN, 2025  59 

 

 

FIGURE 38: INDICATORS PAGE OF THE SPANISH DSA (IUCN WORST LABEL FOR THE AMB CITY AREA) 

 

5.3.1.3 Habitats Section 

The Habitat Predictions (Figure 39) allows users to explore the presence and distribution of 

selected EUNIS habitat types based on GeoPl@ntNet predictive modelling. Each habitat selection 

returns a short description, classification level and source information. 

 

FIGURE 39: SPANISH DSA -HABITAT PAGE. 

5.4  Cyprus Case Study 
The main aim of this case study is to support informed decision-making for implementing the 

Vasilikos Area Spatial Master Plan (VASMP). The VASMP anticipates expanding the industrial 

activities of the energy centre and building new infrastructure to facilitate this, which is expected 

to negatively impact ecosystems (both terrestrial and marine), biodiversity, and the environment 

(e.g., air quality, chemical, and water pollution). For the successful execution of this case study, 
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the required GUARDEN tools are Bird Sound Identification, Pl@ntNet, the Future Scenario Tool, 

and DSA.  

5.4.1 DSA customisation 
The Cyprus DSA was developed to support biodiversity monitoring, habitat quality assessment, 

and spatial planning in the Vasilikos region. The interface is organised into the following main 

categories: 

¶ Species 
¶ Habitats 
¶ Indicators 
¶ Bird Acoustic Monitoring 
¶ Landscape 
¶ Ecosystem 

Each module supports specific evaluation functions relevant to the implementation of the VASMP. 

 

 

FIGURE 40: CYPRUS DSA HOMEPAGE. 

5.4.1.1 Species Section 

The Species section contains again two sub-categories: 

1. Observations 
Includes field and citizen science records from Pl@ntNet Occurrences. Pl@ntNet Plots and 
GBIF. MINKA API was also integrated, even though it was not used for the case study 
execution. The purpose of this integration is to provide potential future observations 
uploaded to MINKA in the Cypriot case study area. 

All species presented were validated by the Cyprus case study team and categorised into: 

¶ Endemic species 

¶ Invasive species 
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¶ EU Directive-listed species 

¶ IUCN Red List species 

Filtering is available in terms of status, table fields, year of observation, and results are 
exportable as CSV files (Figure 41). 

 

FIGURE 41: CYPRUS CASE STUDY- OBSERVATIONS TABLE EXAMPLE. 

2. Predictions 
Similar to the rest of the case studies, the species predictions, powered by the GeoPl@ntNet 
API, are visualised using the same structure and filters as the Observations tab. 

 

5.4.1.2 Bird Identification / Acoustic Monitoring 

This section displays validated detections from bird sound sensors processed through Naturalis’ 

Bird Sound ID model. 

Users can view: 

¶ A map of sensor locations 
¶ Total detections and unique species 
¶ Sensor-level detection tables with: 
¶ Timestamp 
¶ Common/scientific names 
¶ Correct Recognition Probability 
¶ Conservation status 

Filters include sensor selection, conservation status, and date range (Figure 42). 
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FIGURE 42: CYPRUS DSA- BIRD IDENTIFICATION PAGE. 

 

5.4.1.3 Indicators Section 

The indicators module displays spatial biodiversity predictions via GeoPl@ntNet. Layers can be 

visualised on the map with adjustable opacity. The page follows the same structure as the 

previously described DSAs. 

5.4.1.4 Habitats Section 

Users can select from a list of habitat types predicted by GeoPl@ntNet for the Vasilikos area. Each 

habitat is accompanied by its EUNIS code, classification level, and description. The page follows 

the same structure as the previously described DSAs. 
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5.4.1.5 Landscape Section 

The Landscape module (Figure 43) contains two interactive tools: 

2. Land Use / Land Cover (LULC) 
 

It allows comparisons of land use across time (e.g., 2015 vs 2024) using a side-by-side map viewer. 
The LULC types include: 

¶ Developed 

¶ Cultivated 

¶ Shrubland 

¶ Water 

A dedicated bar chart summarises the area change (in km²) for each class over time. For example, 

between 2015 and 2024: 

¶ Developed area increased by 0.56 km² 

¶ Shrubland decreased by 0.23 km² 

¶ Cultivated area decreased by 0.29 km² 

 

FIGURE 43: LAND USE AND LAND COVER ANALYSIS COMPARISON BETWEEN YEARS 2015 AND 2024, AS 

PRESENTED IN THE RESPECTIVE CY DSA PAGE. 
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FIGURE 44: STATISTICAL ANALYSIS OF THE LAND USE AND LAND COVER COMPARISON BETWEEN YEARS 

2015 AND 2024, AS PRESENTED IN THE RESPECTIVE CY DSA PAGE. 

 
2. NDVI Indicator 

 
This tool compares vegetation health using NDVI layers (Figure 45) from multiple years (1990, 
2000, 2010, etc.). Users can: 

¶ Toggle between year pairs 

¶ Adjust layer opacity 

¶ Visually detect vegetation loss or recovery patterns 
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FIGURE 45: NDVI VEGETATION INDEX COMPARISON AS DISPLAYED IN THE CY DSA. 

5.4.1.6 Ecosystem Section – Future Scenario Tool 

The Ecosystem module (Figure 46) implements the InVEST Habitat Quality Model (HQM) to assess 

current and future habitat conditions in the Vasilikos region. 

Users can: 

¶ Select the Habitat Quality Index (HQI) 

¶ Switch between scenarios (e.g., Business-as-Usual, Post-Development) 

¶ Visualise results spatially as colour-coded HQI maps (Very Low to Very High) 

¶ Read a descriptive overview explaining the model’s use and methodology 

The HQM integrates land use/land cover data and biodiversity threat layers, enabling decision-

makers to: 

¶ Understand current biodiversity risks 

¶ Evaluate impacts of planned infrastructure 

¶ Prioritise conservation actions 

¶ Explore alternative spatial planning options 
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FIGURE 46: EXAMPLE OF THE CURRENT HQI STATUS MAP FOR THE CY CASE STUDY AREA. 

  



D4.4 - Integrated GUARDEN system and DSAs - Final                                                                                                                                                    

©GUARDEN, 2025  67 

 

6 Conclusions 
The Integrated GUARDEN System and Decision Support Applications (DSAs) have been 

successfully developed and deployed to support biodiversity-sensitive planning across the 

project’s four pilot case studies in France, Spain, Greece, and Cyprus. The DSAs were designed and 

implemented in accordance with the finalised user requirements, following an iterative co-design 

process with local case study leaders. This collaborative approach ensured that the applications 

address regional priorities while maintaining a coherent and extensible technical foundation. 

Each DSA consolidates species observations from key biodiversity sources, including MINKA, 

Pl@ntNet, and GBIF, together with predictive outputs from the GeoPl@ntNet API. Through 

interactive mapping and tabular views, users can visualise, filter, and analyse species data enriched 

with contextual attributes such as conservation status, endemism, inclusion in European or 

international protection frameworks, etc. Export functionality in CSV format supports further 

analysis and integration into external workflows. 

Beyond species-level data, the system integrates habitat prediction layers, biodiversity indicators 

(e.g., species richness and Shannon index), and tools for monitoring landscape dynamics. Historical 

Land Use/Land Cover (LULC) comparisons and NDVI indicators provide temporal insights into land-

use change in Greece and Cyprus. Scenario-based ecosystem service projections have been 

implemented in France, Greece, and Cyprus, enabling forward-looking analyses of potential 

impacts from alternative development trajectories. Additionally, acoustic monitoring data for 

avian species in Greece and Cyprus demonstrate the potential of sensor-based inputs to enhance 

biodiversity assessments. Where available, context-specific layers, such as protected areas and 

historical maps in France, were incorporated to enrich spatial interpretation. 

From a technical perspective, the system is built on a modular architecture that integrates 

components via REST APIs, WMS services, and static content layers. This design ensures 

interoperability, scalability, and future extensibility. The resulting applications provide a unified, 

intuitive interface that integrates heterogeneous datasets and analytical tools into a unified 

platform. Collectively, the system establishes a foundation for biodiversity assessment and 

informed decision-making, strengthening the capacity of planners and stakeholders to integrate 

ecological considerations into land-use and policy planning. The tools enable regional authorities 

and planners to visualise ecological trade-offs, assess scenarios, and align spatial planning 

processes with the EU Biodiversity Strategy and Green Deal objectives. 

The architecture allows the system to be adapted and replicated beyond the four pilot case studies. 

Since all data are fetched dynamically from open biodiversity sources like GBIF, Pl@ntNet, and 

MINKA, and visualised using standard web protocols such as REST APIs and WMS, the dashboard 

can be easily adapted for other European regions without requiring structural changes or 

modifications. New instances can be deployed by connecting to alternative data endpoints, WMS 

layers, or region-specific CSV datasets that follow the same data model. This flexibility supports 

future applications of the GUARDEN system in additional decision-making contexts, research 

projects, or policy initiatives. 

Following project completion, the DSAs will remain hosted on eBOS server, with the potential to 

be further replicated or enhanced through future projects and funding opportunities in 

collaboration with GUARDEN partners. The architecture and use of open standards ensure long-
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term sustainability and provide a strong foundation for continued innovation and application in 

biodiversity and ecosystem management. 
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