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[bookmark: _Toc229666304]Introduction
This report explores how Geographic Information Systems (GIS) and remote sensing can support habitat and landscape management. The purpose of the portfolio is to demonstrate how spatial technologies are used to collect, analyse, and display environmental data for conservation and land management. GIS is a system used to store, manage, and analyse geographic data, helping identify patterns and relationships within landscapes through the use of different environmental data layers (Calka and Szostak, 2025). Remote sensing involves collecting information about the Earth’s surface from satellites, aircraft, or drones, allowing environmental features and changes to be monitored over time (NASA Earth Observatory, 1999). Together, these technologies provide valuable tools for mapping habitats, monitoring environmental change, and supporting decision-making in conservation and land management (Pangtey, Kumar and Padalia, 2025).
This portfolio focuses on Kilvey Hill as the chosen study site. The area was selected because it contains a variety of natural and human landscape features, making it suitable for GIS mapping, remote sensing, and field data collection. The portfolio is divided into three components. The first investigates GIS digitisation and mapping techniques used to create and visualise spatial data. The second explores remote sensing and spectral analysis to examine how environmental features and habitat conditions can be identified and monitored. The final component focuses on GIS field data collection, using mobile mapping methods to record landscape and habitat features directly on site. Overall, the portfolio demonstrates how GIS and remote sensing can be applied together to support habitat monitoring, landscape management, and environmental decision-making.
[bookmark: _Toc229666305]Background
Natural environments are facing increasing pressure from human activity and environmental change. Climate change is contributing to higher temperatures, altered rainfall patterns, and more frequent extreme weather events, all of which affect habitats and species distributions (Mostafa, Owes and Ghoniem, 2025). Habitat fragmentation caused by roads, urban development, and agriculture divides natural areas and reduces wildlife connectivity. In addition, flooding and land-use change can damage ecosystems and reduce habitat quality (Hou et al., 2025). These pressures contribute to biodiversity loss through habitat destruction, pollution, and environmental stress, threatening ecosystem health and resilience.
GIS and remote sensing provide effective methods for monitoring these environmental pressures and supporting habitat and landscape management (Mir Muhammad Nizamani et al., 2023). GIS enables the analysis and visualisation of spatial information, while remote sensing provides up-to-date environmental data collected from satellites, aircraft, and drones. Together, these technologies can be used to monitor land cover change, vegetation condition, flooding, and habitat distribution across large areas efficiently. As a result, they play an important role in environmental monitoring, conservation planning, and sustainable landscape management (ESRI, 2024; USGS, 2025).


[bookmark: _Toc229666306]Component 1: digitisation and visualisation
[bookmark: _Toc229666307]Site description
Kilvey Hill is located on the eastern side of Swansea, overlooking Swansea Bay and the surrounding urban area. The site contains a range of habitat types, including grassland, woodland, scrub, and areas of disturbed ground linked to its industrial history (Kilvey Hill Walking Route, no date). Land use across the site is mixed, with natural habitats, public footpaths, recreational use, and areas affected by past industrial activity. This creates a varied landscape suitable for environmental analysis. The site was selected because of its habitat diversity, accessibility, and evidence of environmental change, making it appropriate for GIS mapping, remote sensing analysis, and field data collection (Kilvey Hill woodland volunteers, 2026).
[bookmark: _Toc229666308]Digitisation; Vectors 
Vector data was used within GIS to map and represent features across Kilvey Hill. Vector data stores spatial information using points, lines, and polygons, allowing different landscape features to be mapped accurately. Point data can be used to represent individual features such as trees, benches, or sampling locations. Line data is used for linear features including footpaths, streams, and boundaries. Polygon data represents larger areas such as woodland, grassland, scrub habitats, or disturbed land. Using vector layers allows features to be clearly organised and linked to attribute data, such as habitat type, land use, or site condition. This makes vector data useful for habitat mapping, environmental monitoring, and landscape management within GIS (Dempsey, 2022; Dinkins, 2024; QGIS, 2026).
[bookmark: _Toc229666309]Points
Point vector data was used within the GIS map to represent specific features across Kilvey Hill. In this project, points were used to identify the location of the roundhouse and site exit points. Using points allows exact locations to be mapped accurately within the landscape. Each point feature can also contain attribute information linked to the site, helping organise and manage spatial data within the GIS. Point data is useful in habitat and landscape management because it allows important features and access locations to be clearly identified and analysed (gisnavigator, 2024; QGIS, 2026).
[image: The image depicts a map of Kilvey Hill with marked paths, entrances, and various features, created by Ysabelle Tuddenham using ESRI basemap data.
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Map1. Showing paths, entrences and man made features
[bookmark: _Toc229666310]Lines
Line vector data was used within the GIS map to represent the paths across Kilvey Hill. Lines are used in GIS to map linear features by connecting multiple points together, allowing paths and routes to be displayed accurately across the landscape. Mapping the paths helped show access routes and movement through the site. Line data is useful because it can also store attribute information, helping organise and manage spatial features within the GIS. In habitat and landscape management, line data is important for understanding accessibility, site connectivity, and the relationship between different areas of the landscape (GemGIS, 2023).
[image: The image is a map displaying a forest area on Kilvey Hill, with marked paths, and includes a scale and metadata from the ESRI software.
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Map 2. Showing 
[bookmark: _Toc229666311]Polygons
Polygon vector data was used within the GIS map to represent the site boundary at Kilvey Hill. Polygons are created by connecting lines to form enclosed shapes, allowing areas to be mapped accurately within GIS. Using a polygon to map the site boundary helped define the extent of the study area and organise the spatial data collected throughout the project. Polygon data can also store attribute information linked to the mapped area. In habitat and landscape management, polygon data is useful for defining habitat areas, land use zones, and site boundaries for analysis and monitoring (Gimond, 2025).
[image: The image depicts a map showing the boundary of Kilvey Hill Council, with a scale of 100 meters, authored by Ysabelle Tuddenham, using the ESRI basemap.

AI-generated content may be incorrect.]

Raster 
Raster data was used within the GIS project in the form of a Digital Surface Model (DSM) for Kilvey Hill. A DSM is a raster dataset made up of grid cells that store elevation values, showing the height of the Earth’s surface and features such as vegetation and buildings. The DSM helped show changes in elevation and topography across the site, providing a better understanding of the landscape structure and terrain. Raster datasets such as DSMs are useful in habitat and landscape management because they allow terrain, surface features, and environmental patterns to be analysed across large areas (ESRI, 2021).
[image: The image is a satellite image from Kilvey Hill showing a raster extraction from Band 1 (Gray) with a scale of 100m, authored by Ysabelle Tuddenham on December 26th, 2020.

AI-generated content may be incorrect.]
[bookmark: _Toc229666313]Discussion: GIS Mapping in Habitat Management
GIS mapping provides several advantages for habitat and landscape management. Vector data allows features such as paths, boundaries, and site features to be mapped accurately using points, lines, and polygons, while attribute tables allow additional information to be stored and organised efficiently. Raster data, including the DSM used in this project, is useful for showing continuous environmental information such as elevation and topography across large areas (EcoServants, 2024). Together, these datasets improve spatial analysis and visualisation within GIS. Compared to traditional methods such as Phase 1 Habitat Surveys, GIS mapping is generally faster and more efficient for collecting, storing, and updating environmental information(GISuser, 2025). Digital maps can be edited regularly, shared easily, and used for long-term monitoring. GIS also improves accessibility to spatial data and allows large areas to be analysed more quickly than manual mapping methods (Kim, 2025).
However, GIS mapping also has limitations. Accurate mapping depends on the quality and resolution of the data used, and GPS inaccuracies can affect precision in the field (Dhruwa and Garg, 2025). GIS software and high-quality datasets can also be expensive, while effective use of the technology requires specialist training and technical knowledge. Traditional methods such as Phase 1 Habitat Surveys still provide important ecological detail through direct field observation, which may not always be visible within GIS or remote sensing datasets(Cherrill and McClean, 1999). For this reason, GIS is most effective when used alongside traditional survey methods to support habitat management and environmental decision-making.
[bookmark: _Toc229666314]Summary 
This component demonstrated how GIS digitisation can map features across Kilvey Hill using vector and raster data. Points, lines, and polygons represented landscape features, while the DSM added topographic detail. The process improved the organisation, analysis, and visualisation of spatial data, making environmental information easier to store and update than paper-based methods. However, accuracy depended on data quality and GPS precision, and GIS software required technical skills. Despite these limitations, GIS digitisation remains valuable for habitat and landscape management.


[bookmark: _Toc229666315]Component 2: spectral analysis 
[bookmark: _Toc229666316]Introduction to Spectral Analysis
Spectral analysis is a remote sensing technique used to identify and analyse materials based on how they interact with electromagnetic radiation (Biology insights, 2025). The electromagnetic spectrum includes different wavelengths of energy, ranging from visible light to infrared and microwave radiation (The european space agency , no date). Remote sensing technologies detect these wavelengths to gather information about the Earth’s surface. When electromagnetic energy reaches a surface, some energy is reflected, some is absorbed, and some may be transmitted. Reflectance refers to the amount of energy reflected from a surface, while absorption is the amount of energy absorbed by that material. Different materials reflect and absorb energy differently depending on their physical and chemical properties. These differences create spectral signatures, which are unique patterns of reflectance and absorption across wavelengths. Spectral signatures allow different surface materials such as vegetation, soil, and water to be identified and analysed within remote sensing data. This makes spectral analysis useful for habitat mapping, environmental monitoring, and landscape management (NASA, 2010; Canada, 2025).
[bookmark: _Toc229666317]Methods
The spectroradiometer practical investigated the spectral reflectance characteristics of vegetation using leaf samples. A spectroradiometer measures the intensity of reflected electromagnetic radiation across a range of wavelengths, allowing the spectral properties of surfaces to be analysed. The practical focused primarily on wavelengths within the visible and near infrared (NIR) regions of the electromagnetic spectrum. These wavelengths are important in vegetation analysis because chlorophyll strongly absorbs red wavelengths while healthy vegetation reflects high levels of NIR radiation (votatera, 2024). 
Fresh green leaves were used as the main sample surfaces during the practical. The spectral reflectance curves collected from the leaves demonstrated how vegetation interacts differently with electromagnetic radiation depending on its biochemical and structural properties. Differences in reflectance can be used to infer vegetation health, moisture content, and chlorophyll concentration. Data collection involved positioning the spectroradiometer above the leaf samples and recording reflected radiance across multiple wavelengths. The spectral measurements were then visualised as spectral reflectance curves to compare the response of the vegetation samples. Controlled lighting conditions were important to reduce variation in reflectance measurements. 
[bookmark: _Toc229666318]Results
Spectral reflectance curves illustrate how different surfaces reflect electromagnetic radiation across varying wavelengths. The reflectance characteristics of a surface are influenced by its physical and chemical properties, resulting in unique spectral signatures that can be used for identification and classification. 
Healthy vegetation exhibits a characteristic spectral reflectance pattern, with low reflectance in the blue and red regions due to chlorophyll absorption, moderate reflectance in the green region, and high reflectance within the Near Infrared (NIR) region caused by the internal structure of leaf cells. This distinctive response enables vegetation health and density to be assessed using remote sensing techniques and vegetation indices such as NDVI. 
[image: The diagram depicts a graph of reflectance values for five different species across a range of wavelengths from 400 nm to 1000 nm, showing variations in their reflectance properties.

AI-generated content may be incorrect.]
[bookmark: _Toc229706589]Figure 1. Spectral reflectance curve of healthy vegetation and unhealthy vegetation showing absorption and strong NIR reflectance (Tuddenham, 2026).
Unhealthy surfaces generally display smoother and more gradual reflectance curves compared to vegetation. Reflectance commonly increases with wavelength and varies according to moisture content, mineral composition, and organic matter. Healthy leaves typically exhibit higher reflectance values than unhealthy leaves. 
Materials such as driftwood produce flatter spectral reflectance curves with less variation between visible and infrared wavelengths. Unlike vegetation, materials do not exhibit strong NIR reflectance, making urban surfaces distinguishable within multispectral imagery. 
[image: The image appears to be a graph or chart depicting a spectrum of light wavelengths, with various points plotted on the spectrum, possibly indicating reflectance or some other property related to different colors or materials.

AI-generated content may be incorrect.]
[bookmark: _Toc229706590]Figure 2. Spectral reflectance curve of surfaces compared with natural land cover types (Jeffries, 2026).
The comparison of spectral reflectance curves demonstrates how remote sensing can differentiate between vegetation, soil, water, and artificial surfaces. These spectral differences form the basis of land cover classification and environmental monitoring using Earth Observation imagery from sensors such as European Space Agency Sentinel-2 and NASA Landsat-8. 
[bookmark: _Toc229666319]Interpretation of Spectral Signatures
Different materials reflect electromagnetic radiation differently because of their physical and chemical properties. This creates unique spectral reflectance signatures that can be used to identify surfaces in remote sensing (Climate change academy, 2025). Vegetation absorbs blue and red wavelengths through chlorophyll for photosynthesis, while reflecting green wavelengths, which is why plants appear green. Healthy vegetation also strongly reflects Near Infrared (NIR) radiation due to leaf cell structure (NASA, 2010a). 
The NIR region is important because healthy vegetation reflects high amounts of NIR energy, whereas stressed vegetation reflects less. This makes NIR useful for monitoring vegetation health and biomass (Gutman, Skakun and Gitelson, 2021). Vegetation health can be measured using the Normalised Difference Vegetation Index (NDVI), which compares red and NIR reflectance values (DEFRA, 2024). Healthy vegetation produces high NDVI values because it absorbs red light and reflects NIR radiation. Moisture content also affects reflectance. Water absorbs much of the infrared spectrum, so wetter vegetation and soils usually have lower infrared reflectance values (Abhi, 2026).
[bookmark: _Toc229666320]Applications in Environmental Monitoring
Remote sensing and spectral analysis are widely used for environmental monitoring because different surfaces produce unique spectral reflectance signatures. Earth Observation imagery from sensors such as European Space Agency Sentinel-2 (European Space Agency, 2024) and NASA Landsat-8 (Landsat Project Science Support, 2023) allows large areas to be monitored consistently over time.  Habitat monitoring is an important application of remote sensing (Corbane et al., 2015). On Christmas Island, Australia, multispectral imagery was used to assess habitat loss caused by phosphate mining and land clearing. Approximately 25% of the island’s original rainforest has been removed, contributing to declines in species such as the endangered Abbott’s booby (Papasula abbotti) (Christmas island national park, 2024). 
Vegetation classification and forestry monitoring use differences in spectral reflectance to distinguish healthy vegetation, degraded vegetation, soil, and artificial surfaces. Healthy vegetation strongly reflects Near Infrared (NIR) radiation due to leaf cell structure, making NIR wavelengths useful for mapping forest cover and vegetation condition.  In agriculture, remote sensing is used to monitor crop health, vegetation stress, and moisture content. Spectral indices such as NDVI compare red and NIR reflectance to identify vegetation condition and biomass (Chang et al., 2026). 
Flood monitoring also benefits from spectral analysis because water absorbs large amounts of NIR radiation, allowing flooded areas to be distinguished from surrounding land. Similarly, wildfire assessment uses changes in vegetation reflectance and NDVI values to identify burned areas and evaluate environmental damage after fire events.  The Christmas Island case study demonstrated how multi-temporal satellite imagery and NDVI differencing can detect vegetation loss and habitat change over time, highlighting the importance of remote sensing in environmental management and conservation (Bhargavi et al., 2025).
[bookmark: _Toc229666321]Critical Evaluation
Although remote sensing provides valuable environmental monitoring capabilities, there are several limitations that affect data quality and interpretation. Atmospheric interference can affect the accuracy of remotely sensed data because radiation recorded by satellite sensors may include both surface and atmospheric effects (Dubovik et al., 2021). Atmospheric particles, haze, and moisture can alter reflectance values and reduce image quality. Cloud cover is a major limitation of optical satellite imagery. Clouds, cloud shadow, and haze can obscure the Earth’s surface and introduce errors into spectral measurements and indices such as NDVI. Even low percentages of cloud cover may affect important areas of analysis (Han et al., 2024).
Spatial resolution also limits the ability to identify small features accurately. Mixed pixels occur when multiple surface types exist within a single pixel, reducing classification accuracy and detail (Lee, 2025).  Temporal resolution is another important limitation because satellites revisit locations at fixed intervals. Rapid environmental changes may occur between image acquisitions, reducing the ability to monitor short-term events effectively. Sentinel-2 has a combined revisit period of approximately 5 days, while Landsat-8 revisits every 16 days(Blog Ongeo Intelligence, 2024). Equipment and data costs can also restrict remote sensing applications. Although some datasets are freely available, higher-resolution commercial imagery and specialist equipment such as spectroradiometers can be expensive (Kumar, Bassill and Rani, 2026). 
Finally, remote sensing data interpretation can be complex. Spectral reflectance varies depending on surface composition, moisture, illumination conditions, and atmospheric effects, requiring specialist knowledge and processing techniques to interpret results accurately (ODonohue, 2024). 
[bookmark: _Toc229666322]Summery 
The practical showed how spectral analysis identifies differences in surface reflectance, especially in vegetation. Healthy leaves absorbed red wavelengths and reflected high Near Infrared (NIR) due to chlorophyll and leaf structure. Remote sensing supports habitat monitoring, vegetation mapping, agriculture, flood monitoring, and wildfire assessment using imagery such as Sentinel-2 and Landsat-8. The Christmas Island case study highlighted its use in monitoring habitat loss from phosphate mining and rainforest clearing. Limitations include cloud cover, atmospheric interference, resolution constraints, costs, and complex data interpretation.



[bookmark: _Toc229666323]Component 3: GIS field data collection 
[bookmark: _Toc229666324]GIS Field Data Collection Methods
[bookmark: _Toc229666325]Field data was collected using the Mergin Maps mobile application, which allowed spatial data to be recorded directly in the field using GPS-enabled devices. The workflow involved preparing GIS layers before fieldwork, collecting data on site within the application, and synchronising the information back into the GIS project for analysis and map production. GPS collection methods were used to record the location of sample plots across Kilvey Hill. The application displayed live positioning during the survey, helping improve the accuracy of data collection and navigation around the site.The field survey followed a systematic approach by moving through accessible areas of the site and recording sampling locations digitally. Point data was used to map the pH sample plots, allowing each sampling location to be stored accurately within the GIS alongside associated environmental information. Using Mergin Maps improved the efficiency of field data collection because information could be recorded digitally in real time, reducing the need for manual recording and simplifying data transfer into GIS software. (Tutorial: Field surveys using Mergin Maps | OCWGIS, 2026)
Data Management and Processing
Spatial data collected during fieldwork were imported into GIS software for processing and analysis. Data layers, including field observations, GPS points, and environmental features, were added into the project and organised into separate thematic layers. This allowed different habitat and landscape features within Kilvey Hill to be visualised and analysed efficiently. Data cleaning and editing were carried out to improve accuracy and consistency. Errors such as duplicate records, missing values, and incorrectly positioned points were identified and corrected. Attribute tables were reviewed and updated to ensure that habitat descriptions, site observations, and classification information were complete and standardised. Effective attribute management improved the organisation of spatial data and supported accurate analysis and map production. Projection systems were also considered during processing to ensure that all datasets aligned correctly within the GIS environment. A consistent coordinate reference system was applied to maintain spatial accuracy and reduce positional errors between layers. Using a common projection system ensured reliable mapping, measurement, and spatial analysis throughout the project (CDC, 2024).
[bookmark: _Toc229666326]Results and Mapping Outputs
[image: The image shows a map of Kilvey Hill, depicting a boundary, paths, and sampling points for a data survey, with coordinates and measurements provided.
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[bookmark: _Toc229706591]Map.5. a map showing paths, council boundary and Ph data points shown as continual data.
[bookmark: _Toc229666327]Desktop Digitisation vs Field Collection
GIS field data collection using Mergin Maps provided an effective way to record spatial information across Kilvey Hill. GPS methods improved field accuracy by allowing sample locations to be recorded directly on site, although accuracy could still be affected by vegetation cover and signal quality. The digital workflow was time efficient because data could be collected and synchronised automatically, reducing the need for manual data entry(Kushwaha, 2025). Mergin Maps also improved accessibility by allowing spatial data to be viewed and edited easily during fieldwork. The method was generally reliable as information was stored digitally within the GIS project, reducing transcription errors. However, practical limitations included battery life, weather conditions, and the need for technical knowledge to use the software effectively. Some features were digitised remotely using aerial imagery because they could be identified clearly without field verification, improving efficiency. In contrast, sample plot locations were collected in the field because accurate positioning required direct site investigation. Combining both methods improved the overall quality of the GIS dataset (Locate press, 2024).
[bookmark: _Toc229666328]Role of GIS in Site Management
GIS plays an important role in site management by supporting conservation planning, habitat monitoring, and environmental decision-making. Spatial data allows important habitats and environmental features to be identified, helping managers prioritise areas for protection or restoration(EcoServants, 2025). GIS also supports habitat monitoring by allowing environmental change to be tracked over time through updated maps and spatial datasets. Changes in vegetation, land use, and habitat condition can be monitored more efficiently than with traditional paper-based methods. In infrastructure planning, GIS helps assess how developments such as paths, roads, or buildings may affect surrounding habitats and landscapes. This supports more sustainable planning and reduces environmental impacts (Team Harbinger Content, 2025). GIS is also valuable for ecological surveys because field data can be collected, stored, and analysed accurately within one system. Survey locations and environmental observations can be mapped clearly and updated when required. For long-term management, GIS provides an organised and reliable method for storing environmental information, supporting ongoing monitoring, future planning, and conservation management (Nowak et al., 2020).
[bookmark: _Toc229666329]Critical Evaluation
Although GIS field data collection provides many advantages, there are several limitations that can affect the accuracy and reliability of results. GPS accuracy may be reduced by dense vegetation, uneven terrain, or weak satellite signals, causing recorded locations to be less precise. Weather conditions such as rain, fog, and strong wind can also make fieldwork more difficult and reduce the quality of data collected on site. Survey bias is another limitation because the data collected can depend on the experience of the surveyor and which areas of the site are accessible during fieldwork. Some features may be missed or recorded inconsistently (Pascual, 2022). There are also technical limitations linked to the use of digital devices and GIS software. Battery life, software errors, poor mobile signal, and device performance can all disrupt field data collection and reduce efficiency. In addition, GIS software requires technical knowledge and training to use effectively. Despite these limitations, GIS remains a valuable tool for habitat and landscape management. However, GIS is most effective when used alongside traditional surveying methods rather than replacing them completely, as direct field observation still provides important ecological information and site knowledge (Lee, 2025a).
[bookmark: _Toc229666330]Summery 
Field GIS proved to be an effective method for collecting and managing spatial data across Kilvey Hill. Using Mergin Maps improved the efficiency of recording sample locations and allowed data to be stored digitally for analysis within GIS software. The method provided practical value by improving organisation, accessibility, and long-term monitoring of environmental information. However, there were limitations, including GPS accuracy issues, weather conditions, device dependence, and the need for technical knowledge to operate the software effectively. Despite these challenges, field GIS remains a valuable tool that works best alongside traditional ecological surveying methods.
[bookmark: _Toc229666331]Conclusion
This portfolio successfully demonstrated the application of GIS and remote sensing technologies in habitat and landscape management using Kilvey Hill as the study site. Across the three components, GIS digitisation, spectral analysis, and field-based data collection methods were used to investigate environmental features and spatial relationships within the landscape.
The portfolio demonstrated how vector and raster datasets can be used to map and visualise environmental information effectively. Points, lines, and polygons allowed key landscape features to be represented accurately, while the DSM raster layer provided additional understanding of topography and surface variation across the site. Remote sensing and spectral analysis also showed how reflectance patterns can be used to identify and monitor environmental features and habitat conditions. In addition, field GIS methods using Mergin Maps demonstrated how spatial data can be collected efficiently and integrated directly into GIS software for analysis and management.
Overall, the portfolio highlighted the usefulness of GIS technologies for environmental mapping, monitoring, and decision-making. GIS improves the organisation and storage of spatial information while allowing environmental change to be monitored over time. These technologies also support conservation planning, habitat assessment, and infrastructure management by providing accurate visual representations of landscapes and environmental features. Compared to traditional paper-based methods, GIS is generally faster, more efficient, and easier to update, making it valuable for long-term environmental management.
However, the portfolio also identified several limitations and barriers associated with GIS and remote sensing technologies. The accuracy of GIS analysis depends heavily on the quality and resolution of the spatial data used, meaning poor-quality datasets can reduce reliability. GPS accuracy may also be affected by vegetation cover, terrain, and signal limitations during fieldwork. Technical issues such as software errors, battery life, and device performance can further affect field data collection.
There are also financial and practical barriers to the use of GIS technologies. High-quality software, specialist equipment, and commercial datasets can be expensive, while effective use of GIS requires technical skills and training. As a result, these technologies may not always be accessible to smaller organisations or projects with limited resources. Despite these limitations, the portfolio demonstrated that GIS and remote sensing are highly valuable tools for habitat and landscape management. However, they are most effective when used alongside traditional ecological surveying methods rather than replacing them entirely, as direct field observation remains essential for collecting detailed ecological information and validating spatial data.
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