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GIS-Based Habitat Suitability Analysis for Skylark in Cardiff
[bookmark: _Toc196972991]Introduction: GIS and Habitat Management
Habitat management is now carried out under the circumstances of accelerating biodiversity loss, land-use change and fragmented ecological information. The previous way of management was based on field surveys, local knowledge and maps; therefore, when a large number of environmental indicators in various areas need to be compared, paper maps or individual survey data are not feasible. A Geoinformation System will be used to store, analyse and spread spatial data in a common coordinate system. The above is because habitats are not isolated areas but are connected to soils, hydrology, topography, land-use rights, species migration routes, disturbances and all other development plans.
GIS will show new maps and achieve other goals. It may result in a spatial problem for the habitat manager that is not listed in the field notes. For example, GIS can determine whether the existing habitat patches are connected or isolated; therefore, restoration efforts can be more effectively directed to strengthen a corridor, areas that have not been surveyed sufficiently, and conflicts with built-up areas, protected sites or accessibility limitations in management activities. Remote sensing technology can be used to detect changes in the range of vegetation and land-use type over a long period, as well as other seasonal changes. Biodiversity loss is also caused by many reasons and does not result from a single, obvious local source.
GIS can be used for habitat management now. A management recommendation can be traced back to the datasets and assumptions used in its creation, such as land-cover categories, slope thresholds, distance from roads, or distance from woodland edge. Thus, the conservationists, local governments and land managers will be able to determine whether the suggestion is supported by data and reproducible. It can be used for other places too. For example, a habitat suitability model can show how the priority areas for a species change under different weightings of food resources, nesting habitat and human disturbance.
Geographic Information Systems (GIS) will support the decision-making process for ecological judgments. A map shows where a species is located, but it cannot confirm whether that species actually exists in that place, determine whether the environment is suitable for it, or judge whether management measures will be effective. The Quality of the output will be affected by the Quality, Resolution and Ecological Relevance of the input layer. Habitat categories are too general to describe the structure of vegetation, and remote sensing can only provide proxies for the ecological process of interest. Therefore, the most feasible GIS-based habitat management will be one that combines desktop analysis and field verification, and clearly shows uncertainty. Habitat suitability analysis in this paper investigates the distribution of skylarks in Cardiff.
Recently, it has been suggested that a GIS will be deployed in the UK and Wales. According to the 2023 report by the State of Nature, biodiversity in the UK continues to decline; also, the latest wild bird statistics published by Defra show that breeding farmland bird populations in the UK have been decreasing significantly since 1970 and have further dropped in the most recent five-year assessment period (State of Nature Partnership, 2023; Defra, 2025). Natural Resources Wales also considers the health of the ecosystem in Wales under the 'soNaRR 2025' plan for managing land. For a farmland bird such as a skylark, the above trends show that habitat management cannot be separated from the spatial decisions of where to maintain open areas, how they are connected, and where to focus practical measures.
[bookmark: _Toc1252759710]Habitat Suitability Analysis as a GIS Application
Habitat management is one of the first places where GIS is being applied now. It transforms the ecological demands of a specific species or habitat into spatial indices, and based on these indices, determines whether an area is more or less suitable for conservation and restoration, etc. As shown above, the GIS methods for the above are weighted overlay, multi-criteria decision analysis, species distribution modelling, or rule-based suitability scoring. Ecological knowledge is generally expressed spatially; for example, a demand for open space to house young can be transformed into a land-cover or distance-to-edge variable, and a threat such as urban disturbance can be shown as a distance-from-settlement or road-pressure variable.
The Purpose of Suitability Analysis is to list the assumed facts. Instead of saying generally that skylarks need open farmland, the model should specify what constitutes open land, which land-cover classes are excluded, how far a site should be from woodland or buildings, and how nesting habitat should be shown when direct vegetation-height data are unavailable. It will help manage the environment by offering some data for the conservation plan. A good map does not have to be perfect; it only needs to generate some hypotheses and show that certain areas are more suitable for fieldwork and management. It can also show the final map and explain where the best place for action will be through communication.
At the same time, if it is used without consideration, the suitability analysis will be too simple. Species are influenced by several factors, and a specific type of land-use area may be suitable or not suitable at different times of the year or due to human intervention, etc. For a ground-nesting farmland bird, for instance, a grass field may be suitable in a land-cover dataset but will no longer be suitable if it is often cut during the breeding season. In other words, the methods should provide reasons for their selection, recognise that some are substitutes, and show how the results will be verified in practice. The suitability analysis in this report is intended to be a practical case study of habitat management; it will identify potential areas in Cardiff that appear to meet the requirements of skylark habitat, and then fieldwork or targeted management can be conducted to test and improve the model.
This is in line with the new suitability-model literature. Although GIS-based multi-criteria methods are suitable for spatially explicit conservation priority setting, the scoring and weight-determination stages are not transparent due to high variability in expert judgment ( Rodríguez-Merino et al., 2020). Species distribution modelling guidance also indicates that the spatial model should clearly state its assumptions, choices for predictors, data deficiencies and validation methods (Zurell et al., 2020). Although remote sensing and high-resolution environmental data can provide an ecological basis for the study of birds and grassland species, interpretation according to the structure of local habitats and behaviour of these species is still required (Crispim-Mendes et al., 2024; Radovic, Kapelj and Taylor, 2025). Therefore, the Cardiff model should be viewed as an open-displaying model rather than a certain prognosis for breeding success.
[bookmark: _Toc1202770782]Methods: Species and Site Selection
Target Species: Skylark
Alauda arvensis is the subject of this paper. Skylark is a suitable subject for this assessment because it is endangered, and its required habitats can be shown on a map. Britain is known for its open fields and pastures, and as a result, the number of farmland birds has declined significantly there. RSPB has designated this bird as red-listed in the UK, and BTO BirdFacts also indicates that it is a red conservation object at the UK, European and global levels (RSPB, n.d.; BTO, 2026). Therefore, skylarks are both species in themselves and indicators of changes in the broader pattern of agricultural land use.
Conservation work for the Skylark is also conservation of the environment. The species builds its nest on the ground and needs a certain structure of short- or open-vegetation for nest-building access, but this structure should not be overly disturbed to cause harm to the nests. Food will also be needed at all times, and other plant materials will be required during the off-season for seeds and other plants, as well as invertebrates to feed the chicks. The above reasons are affected by the type of crops, grassland cutting, grazing pressure, herbicide and pesticide use, field size, loss of winter stubble, and the conversion of open land to development or woodland. Therefore, skylarks are suitable subjects for a GIS-based habitat suitability model because their needs can be expressed in terms of quantifiable spatial variables, and ecological judgment and field validation are still required.
Skylark can be used to demonstrate the strengths and weaknesses of GIS in teaching as well. Some of its requirements, such as avoiding urban areas, woodlands and waters, are relatively simple to map with the standard land-cover and topographic datasets. Other requirements, such as the height of the vegetation, density of the sward, recent mowing or availability of invertebrate prey, are not easily mapped and may need to be obtained through proxy indicators or field notes. Therefore, this species is a typical case of habitat management: although the GIS model can identify potentially suitable open areas, actual assessment of whether they are effective breeding habitats still needs to be based on ground inspection.
A Skylark has also been identified in the recent observation data. The BTO/JNCC/RSPB Breeding Bird Survey remains a primary data source for monitoring changes in the UK's breeding bird populations, and the 2024 report has pointed out the need for extended-term data collection to pinpoint specific species and habitats that require management intervention (Heywood et al., 2025). Rigal and others in Europe have shown that the common bird decline is largely due to intensified farming; thus, Farmland practices should be included in the reasons for the reduction of avian diversity, not just a background factor. The above studies have increased the rationale for choosing a species closely related to the conservation status of agricultural land cover, crop structure and field-level management.
Study Area: Cardiff
The Selected Area of Study is Cardiff, South Wales. This site has the following three reasons. First, it is local and easy to obtain in the field, as required by the assessment brief. A GIS model will be more realistic if some of the premises used to construct it can be directly verified through on-site observation, such as determining whether the mapped grassland is indeed undepressed, evaluating the reasonableness of its structure in the field, and identifying potential harmful factors to it, such as high-frequency mowing or public disturbance.
Second, Cardiff is an urban-rural transition area that has a practical application for habitat suitability analysis. The city has high-density urban areas, transportation facilities, parks, open-air grasslands, river valleys, coast and estuary regions, farmland or semi-rural areas at its periphery, etc. Skylark will probably be able to find a place to live in an open grassland or farmland outside the urban area rather than in a city. A GIS model can be used to identify areas that are obviously unsuitable for development, and therefore excluded from the list of required surveys or management efforts. It can also show the locations where the remaining open habitats have been divided by roads, settlement edges, etc.
Third, Cardiff is suitable for the Skylark ecologically. According to the sustainability assessment baseline of the Cardiff Local Development Plan (Cardiff Council, 2016), skylarks are year-round residents of the grasslands in Cardiff. Therefore, the selection of the site is suitable, as the species has not been modelled at an arbitrary location and there is local evidence that Cardiff has breeding habitats. The area needs to be protected as a place for habitat and is also facing pressure from construction and other development activities. If suitable skylark habitats are concentrated in particular grassland or farmland areas, GIS can be used to identify the locations that would be most effective for surveys, mitigation, mowing regimes, arable management or habitat restoration.
Cardiff is also connected to the policy requirements mentioned above. Under the Section 6 biodiversity duty, public authorities in Wales must strive to protect and improve biodiversity and strengthen the resilience of ecosystems (Welsh Government, 2025). A suitable model of a skylark can offer support for such a decision by identifying areas where habitat management will benefit a declining farmland bird, and at the same time strengthen the evidence base for local green infrastructure and development planning.
The Cardiff focus also makes the data limitations visible. The Phase 1 habitat survey layer available through DataMapWales is a valuable national dataset because it provides comprehensive habitat-cover information for Wales, but it was derived from field recording that began in 1979 and continued through the lowland survey period before later digitisation and release as open spatial data (Natural Resources Wales, 2023). This means it is appropriate for a broad suitability screen, but it should not be treated as a perfect representation of current vegetation condition. In an urban-rural landscape such as Cardiff, where land cover can change through development, recreation and agricultural management, this is a strong reason to combine GIS analysis with field checking.
[bookmark: _Toc704963863]Habitat Suitability Requirements for Skylark
The first set of ecological features are called nesting, food resources and mortality or threat factors. The above themes are in line with what was learned in class and can be translated into criteria for testing in GIS. 
Nesting Requirements
Skylarks are ground-nesting birds in open areas. A suitable nesting habitat should be close to the ground, somewhat covered with vegetation for shelter, and have a low risk of damage to the nest during the breeding season. RSPB farmer advice notes that skylark plots should be located away from field boundaries and tramlines, and these plots are to provide open spaces in the crop areas for skylarks to access nesting and foraging sites (RSPB, n.d.b). FAS also suggests that, in the same way, these species need open areas and are negatively affected by overly dense vegetation or land-use disturbances during the nesting season (FAS, 2024). Therefore, the Cardiff model will likely be the most suitable for nesting in open grassland or arable land with a relatively open structure, and less suitable for nesting in woodland, dense scrub, urban areas, water bodies, and heavily disturbed recreational areas.
As direct vegetation height data are unavailable, proxies must be used in the GIS analysis. Potential proxies include land-cover class, crop or grassland type, NDVI or seasonal vegetation index (if available), and field observations from site visits. The problem to be solved will be introduced in the method. A grassland polygon in the land-cover layer is not necessarily suitable for nesting; it may be too high, too frequently mowed, excessively grazed or disturbed, etc. Therefore, the suitability model should be used as an initial spatial screen rather than as a final judgment on breeding quality.
Food Requirements
Skylarks need food all the time. Adult birds are not breeding at this time and eat seeds and plants; the chicks need to eat invertebrates. Therefore, a suitable place for the nest should be close to food sources for feeding. GWCT reports that skylarks are found in farmlands, and they are seed- and insect-eating species; the Wildlife Trust lists open fields and grasslands as some of the habitats for skylarks (GWCT, n.d.; Suffolk Wildlife Trust, n.d.; The Wildlife Trust of South and West Wales, n.d.). Food availability can be expressed as proxies for land cover and management in GIS, such as rough grassland, mixed farmland, field margins, winter stubble, uncultivated plots, or less intensively managed grassland.
Therefore, Cardiff should not use an unrefined land-cover model. Amenity grassland can be open but is not suitable for food if it is mown or herbicide-treated too frequently. Semi-improved grassland, rough grassland, field margins and low-intensity agricultural areas may have good foraging conditions but are not as neat to the eye. If the management information is not available, record the visible features of the field, such as sward type, bare ground, presence of flowering plants, recent mowing, grazing intensity and surrounding land-use conditions.
Mortality and Threat Factors
The main reasons for a decline in skylark breeding success according to a suitability model are a lack of habitat, insufficient food supply, and increased disturbance. Field-level problems include early or frequent grass mowing, intensive grazing, dense crop growth, pesticide application, loss of winter stubble, and all others that reduce suitability. Forests and tall hedgerows are at the landscape scale, and they may reduce open space, thus increasing predation or other disturbances. Roads, recreational pressure and development will further fragment the open habitats that remain. The above risks are serious because, for the survival of the skylark, grassland or agricultural land is required; this land also needs to be managed to provide suitable nesting and foraging habitats for the skylarks.
Threat factors in the GIS analysis can be displayed as exclusion layers or penalty scores. Urban land, woodland, water and dense scrub can all be considered unsuitable. Distance-to-edge variables can be employed to reduce the suitability near woodland, built-up areas and main roads. If the boundary data of the field are available, then the model can determine which part is inside a field and thus avoid assuming that the entire field has the same value. If the management data are unavailable, this will be noted as a limitation and partially addressed through fieldwork. Therefore, the model should return a ranked suitability map instead of just saying that all high-scoring areas are skylark habitats.
Skylark management studies in recent years have also been conducting research on field structure rather than only on habitat category. Beninde and Hunke (2025) found that the density of skylarks was relatively high in winter cereal fields with skylark plots in Germany, but its actual effect varied based on other factors. More research in agriculture and the environment shows that long-term fallow farming, seed-rich options, and winter cover are particularly favourable for farmland birds (Staggenborg and Anthes, 2022). The above results are relevant to the GIS model because they show why high Phase 1 suitability should be interpreted in conjunction with management factors not fully represented in the available layers, such as crop diversity, timing of operations, and the presence of in-field plots or margins.
Additional species-specific literature has strengthened the use of habitat type and open-landscape variables in the Cardiff model. Chamberlain and Gregory (1999) found that the breeding grounds of Skylarks in the UK have habitat associations at both coarse and fine spatial scales; therefore, broad land-cover information can be used in the first stage of a GIS filter, and local field-scale changes are still identified. The BTO organic and conventional farmland report and related research in the Journal of Applied Ecology have also linked Skylark territory distribution and breeding success to farmland conditions, vegetation structure and management intensity (Wilson and Browne, 1993; Wilson et al., 1997). Copland et al. (2012) reached a similar conclusion for Irish farmland; that is to say, breeding Skylark habitat associations have direct implications for agri-environment planning. Together, these studies support using Phase 1 habitat data, open grassland or farmland categories, and field validation as the core of suitability analysis.
The above study also supports the management interpretation of the GIS results. Skylark is consistently described as a species of open countryside, grassland and farmland, and this is consistent with the suitability scores assigned to open habitat classes in the model (The Wildlife Trusts). More specific studies of farmland show that the requirements for suitability are not only that the land is agricultural but also whether there is an available foraging area in the landscape and a certain degree of structural diversity. Puttmanns et al. (2022) have found that heterogeneous farmlands can offer foraging spaces for breeding Skylarks, and Ottens et al. (2014) have shown that field margins can expand the food sources for Skylarks in intensive farmland. Support for the final recommendations on field margins, reduced disturbance, winter stubble, low-intensity grassland, and survey-based refinement of the model.
Final GIS Criteria and Scoring
The three indices of the final model are: Phase 1 habitat suitability, distance from hedgerows, and distance from red fox presence. All the layers were reclassified to the same suitability score before running the weighted multiplication overlay. Table 1 shows the scores decided upon in the experiment.
	Criterion / data layer
	Reclassification applied
	Weight
	Decision-making rationale

	Phase 1 habitat suitability
	0 = not suitable; 1 = poor; 2 = moderate; 3 = good. Higher scores were assigned to open grassland, rough grassland, arable and open mosaic classes. Woodland, dense scrub, water, built-up land and unsuitable artificial surfaces were set low or zero.
	0.5
	Core ecological constraint because skylarks require open ground for nesting and nearby foraging. Unsuitable habitat cannot become suitable only because a distance variable is favourable.

	Distance from hedgerows
	The hedgerow distance raster was reclassified as 0-10 m = 1, 10-100 m = 2 and more than 100 m = 1.
	0.3
	Represents field-edge and vertical-feature effects. The intermediate band avoids the immediate hedgerow edge while remaining within an open field landscape.

	Distance from red fox presence
	The red fox proximity raster was reclassified as 0-500 m = 0, 500-1000 m = 1, 1000-2000 m = 2 and more than 2000 m = 3.
	0.2
	Acts as a predation-risk penalty. Suitability increases with distance from recorded red fox presence.

	Combined suitability calculation
	Final suitability = (Phase 1 score x 0.5) x (hedgerow score x 0.3) x (red fox score x 0.2). The maximum possible score was therefore 0.54.
	n/a
	A conservative product model. A zero or very low score in one ecological constraint strongly reduces the final output.



[bookmark: _Toc660364942]Completed GIS Workflow and Overlay Method
Cardiff was chosen as the area of study for the GIS workflow in QGIS. Clip the input layers to the Cardiff boundary and treat them as equivalent spatial layers for reclassification. The Phase 1 habitat layer is a broad-scale ecological suitability of the land cover. A distance band was added to show the field-edge effect of the hedgerow layer spatially. The presence layer of the red fox was also converted into distance bands, and proximity to a potential nest predator could be used as a penalty term in the model.
Normalise the indicator by converting it into a suitability score instead of using its original units. Habitat codes, hedgerow distances and fox distances are not the same; therefore, this is required. Standardisation has made the decisions clearer, and now the model shows not only where the data is located but also what it considers to be an ecological judgement of skylark habitat suitability for each dataset. Suitability modelling combines individual criteria to construct an all-encompassing suitability map through such integration (Berry, 2004; Malczewski, 2004).
Finally, a multiplier was employed in the overlay instead of direct addition. Skylark is only suitable when many of these conditions are met simultaneously, so it was not selected on purpose. If a cell had a high Phase 1 habitat score but was very close to a red fox area, then the final score was reduced. If a cell had a score of zero in one layer, then the final multiplied score would also be zero. Therefore, the model is relatively conservative, but it is suitable for habitat management because it does not conceal a serious ecological deficiency with a single favourable factor.
Field verification of the map as proof of skylark settlement has not yet been carried out. The current output should be added to the high-priority list for the next round of surveys and management.
The Red Fox Layer should also be handled with the same care. The model uses red fox presence as a spatial proxy for predation risk, but occurrence records in biodiversity databases are not systematic predator-density surveys. The NBN Atlas guidance notes that the occurrence records come from several data partners and datasets, so when these are used in analysis, issues of attribution, licence and recording effort need to be taken into account (NBN Trust, 2026). Therefore, the red fox layer in this report serves as a general warning indicator of high predation pressure and is not evidence that all areas with low scores are subject to such high predation. 













Results
The individual criterion maps show that suitability is spatially uneven in Cardiff. The Phase 1 habitat layer is adjacent to the dense urban area and other unsuitable land-cover types, but is adjacent to open grassland, farmland and semi-natural areas in the outer districts of the city. Skylarks are unlikely to be part of the project in areas that do not meet the basic requirements of an open-habitat.
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Figure 1. Reclassified Phase 1 habitat suitability map for Cardiff.






The hedgerow distance layer has a smaller score range than the other criteria and ranges from 1 to 2. Therefore, it is not possible to exclude a large area by itself for refinement. The highest score is in the 10-100 m range, and such locations are not directly at the edge of a hedgerow but are still in an open field area. This condition is practical because at the edge of the field, the disturbance and predator behaviour or perception of openness for a ground-nesting bird may change.
[image: ]
Figure 2. Distance from hedgerow suitability layer for Cardiff.








The red fox distance layer has a higher contrast because the closest 0-500m band was given a score of zero. Therefore, the area near a red fox record will not be included in the most suitable category after multiplication by the layer. Many areas with low scores are located near fox presence records, and these areas may be less suitable for ground-nesting birds due to increased predator pressure. However, this layer should be handled with caution because species-record data are influenced by the effort of recording and do not necessarily reflect the whole distribution or density of red foxes.
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Figure 3. Distance from red fox presence suitability layer for Cardiff.







The final multiplied output has a maximum value of 0.54, which matches the theoretical maximum of the weighted product: 3 x 0.5 for Phase 1 habitat, 2 x 0.3 for hedgerow distance and 3 x 0.2 for red fox distance. The map therefore should not be read as a 0-3 class map, but as a relative suitability surface produced by the weighted multiplication model. Green areas represent the strongest combination of the three selected criteria, while red or low-value areas indicate locations where at least one important requirement is weak or absent.
[image: ]
Figure 4. Final multiplied skylark habitat suitability output for Cardiff.
In short, it can be seen that most of the potential skylark habitats in Cardiff are in the open areas around the city and not within the city itself. Areas with a high value are likely to be those close to a suitable Phase 1 habitat in a suitable hedgerow-distance band and far from recorded red fox presence. These areas should be given higher priority for field verification because they have been identified by the model as potential habitats, not because they have been confirmed as active breeding sites for skylarks at present.
Based on the above, the strengths and weaknesses of GIS in habitat management have also been identified. It can be used to show the decision-making process and is reproducible; that is, if either the score or the weight were to be modified, a different map could be generated and compared with the current one. The Model uses proxy data and is thus limited. Phase 1 habitat data are lacking in vegetation height, cutting dates, grazing pressure and pesticide use, and the red fox layer is based on occurrence records rather than a full-coverage predator survey. Therefore, the output will be used to direct management and field investigation rather than replace in-situ ecological assessment.
The model has also been set to use a fixed set of weights so far.Phase 1 habitat mapping is useful for identifying general habitat patterns across a landscape, but it has some limitations when applied to skylark habitat suitability. The classification system groups habitats into broad categories and does not always reflect differences in vegetation structure at a finer scale. This is important because skylarks are strongly influenced by factors such as vegetation height, ground cover and seasonal growth during the breeding season. As a result, areas mapped under the same habitat category may still differ in their suitability for nesting. For instance, one improved grassland field may be heavily grazed with very short vegetation, while another may contain taller and more varied grass due to lower management intensity. These small-scale differences are difficult to represent accurately using a simple habitat scoring approach. The Phase 1 layer is most affected because the core constraint is habitat type, and hedgerow distance and red fox distance are modifying factors. This is ecologically justifiable, but it is still a model-building choice. Recently, GIS-MCDA research has proposed that adjusting weights, thresholds or the rule of combination for these parameters will change the final priority map ( Rodríguez-Merino et al., 2020). Therefore, a more advanced version of the Cardiff model could add a sensitivity analysis, for instance, by comparing the current multiplicative model with an additive overlay or by adjusting the red fox distance thresholds. If the same area is a high score under many plausible scenarios, then confidence in that top location will increase.
The model also shows why suitability mapping should be iterative. The first output can be used to select survey areas; then, based on the results of these surveys, corrections can be made to habitat classes and thresholds, and any missing variables will be identified. Recently, studies in remote sensing and species distribution have been carried out using the above method, and spatial predictions are now often regarded as decision-support tools to be enhanced by expert knowledge and field observations (Crispim-Mendes et al., 2024; Radovic, Kapelj and Taylor, 2025). For Cardiff, the next set of data that would be most beneficial are current vegetation height, recent mowing or grazing, crop type, public-access pressure, and skylark presence or absence during the breeding season.
[bookmark: _Toc558092498]Management Recommendations for Farmers and Landowners
Therefore, the management recommendations below are based on two types of evidence: the spatial pattern produced by the GIS model and recent studies on the recovery of farmland birds. The map can help determine where the action is most likely to be applied, and the literature can provide the contents of such an action. This is because the practical measures for farmers and landowners should be ecologically sound and feasible in their work-farm systems.
First, one needs to protect the existing natural habitat in a relatively undisturbed area and develop it rather than building new small-scale facilities. Skylark plots are relatively easy to set up in areas with a high density of cereal crops, but recent studies have also shown that their actual effects vary according to the overall composition of crops and the availability of auxiliary environments, such as flower strips, fallows and seed-rich edges (Beninde and Hunke, 2025; Staggenborg and Anthes, 2022). Therefore, in Cardiff, high-scoring areas will not be treated as individual pixels on a map but will be discussed in the context of the broader field or farm plan with land managers.
Survey Priority: The areas with high scores will be designated as priority areas for skylark observation before changing land-use activities. Survey visits will be organised during the breeding season to confirm whether the suitable area in the map has actual skylark populations, song-and-flight activities, or nesting sites.
Open Habitat Retention: Keep open grassland and arable land in the area with good suitability. Woodland planting, tall shelterbelts and dense scrub formation should be avoided in the most promising skylark Areas unless there is an urgent conservation need of the site; vertical-structured vegetation does not reduce the openness that these species require.
Breeding Season Operations: Adjust mowing, grazing and cultivation times to reduce nest disturbance. Grassland management should delay or reschedule cutting to avoid the main nesting season when possible. Skylark plots or unsown patches can be added to the crops in arable land to create walking paths and reduce the problem of dense vegetation.
Foraging Resources: Strengthen foraging resources by keeping winter stubbles, various field margins and low-intensity grasslands available. Reduce the pressure of pesticides and herbicides on invertebrate and seed resources that serve as food for adult and chick food sources.
Predator-Risk Management: Reduce preventable predator subsidies in high-suitability areas. It does not mean that predator control should be the main measure; rather, it refers to reducing waste generation, regulating the storage of feed and covering around nesting areas, and so on, to prevent an increase in red fox activity in these areas due to farm operations.
Monitoring and Model Updates: A GIS model is used for monitoring. Based on the new survey data, mowing information, crop data and predator records for farmers, landowners and conservationists, update the model to make data-driven management decisions at various times with this new information.
[bookmark: _Toc1799527437]Conclusion
Managers of ecosystems can use GIS to organise the work of habitat protection and management more efficiently in space. Skylark in Cardiff's final map was based on the three selected indicators: Phase 1 habitat suitability, distance from hedgerows, and distance to red fox presence. Multiply the weighted criteria to obtain a conservative suitability surface, and a weak ecological condition reduced the final score. This helps management understand why several favourable conditions have occurred together and is also more easily accepted.
The output will serve as a reference for the subsequent targeted field study, farmer participation and habitat-management planning, rather than as confirmation of skylark presence. Its first function is to assist farmers, landowners and conservation managers in determining which areas are most suitable for measures such as reduced mowing, skylark plots, open habitat retention and enhanced foraging resources. Next, we will verify the areas of high and low suitability in the field, and then adjust the model according to local observations of vegetation structure, management intensity and skylark presence.



[bookmark: _Toc1645432958]References
Beninde, J. and Hunke, P. (2025) 'The use of skylark plots by the European Skylark (Alauda arvensis) in Germany', Journal of Ornithology, 166, pp. 603-607. 
Berry, J.K. (2004) Beyond Mapping III, Topic 23: Suitability Modeling, Map Analysis. Available at: http://www.innovativegis.com/Basis/mapanalysis/Topic23/Topic23.pdf(Accessed: 24 May 2026)
BTO (2026) Skylark: BirdFacts Species. Available at: https://www.bto.org/learn/about-birds/birdfacts/skylark(Accessed: 25 May 2026)
Cardiff Council (2016) Sustainability Appraisal and Strategic Environmental Assessment of the Cardiff Local Development Plan: Final Sustainability Appraisal Report, Appendix 6. 
Chamberlain, D.E.,and Siriwardena, G.M. (2000) 'The effects of agricultural intensification on skylarks (Alauda arvensis): evidence from monitoring studies in Great Britain', Environmental Reviews, 8(2), pp. 95-113.
Chamberlain, D.E. and Gregory, R.D. (1999) 'Coarse and fine scale habitat associations of breeding Skylarks Alauda arvensis in the UK', Bird Study, 46(1), pp. 47-58. 
Crispim-Mendes, T., Valerio, F., Marques, A.T., Pita, R., Godinho, S. and Silva, J.P. (2024) 'High-resolution species distribution modelling reveals spatio-temporal variability of habitat suitability in a declining grassland bird', Landscape Ecology, 39, 49. 
Copland, A.S., Crowe, O., Wilson, M.W. and O'Halloran, J. (2012) 'Habitat associations of Eurasian Skylarks Alauda arvensis breeding on Irish farmland and implications for agri-environment planning', Bird Study, 59(2), pp. 155-165. 
Department for Environment, Food and Rural Affairs (Defra) (2025) Wild bird populations in the UK and England, 1970 to 2024. Available at: https://www.gov.uk/government/statistics/wild-bird-populations-in-the-uk/wild-bird-populations-in-the-uk-and-england-1970-to-2024 (Accessed: 25 May 2026)
FAS (2024) Land Management for Skylarks Alauda arvensis. Available at:https://www.fas.scot/article/land-management-for-skylarks-alauda-arvensis/(Accessed: 25 May 2026)
Game & Wildlife Conservation Trust (GWCT) (n.d.) Skylark facts, song, habitat, food, nesting. Available at: https://www.gwct.org.uk/farming/big-farmland-bird-count/farmland-birds-to-count/skylark/(Accessed: 25 May 2026)
Guisan, A., Thuiller, W. and Zimmermann, N.E. (2017) Habitat Suitability and Distribution Models: With Applications in R. Cambridge: Cambridge University Press.
Heywood, J.J.N., Massimino, D., Baker, L., Balmer, D.E., Brighton, C.H., Gillings, S., Kelly, L., Noble, D.G., Pearce-Higgins, J.W., White, D.M., Woodcock, P., Workman, E. and Wotton, S. (2025) The Breeding Bird Survey 2024. BTO Research Report 787. Thetford: British Trust for Ornithology. Available at: https://www.bto.org/our-work/science/publications/reports/bbs-reports/2024 (Accessed: 25 May 2026).
Malczewski, J. (2004) 'GIS-based land-use suitability analysis: a critical overview', Progress in Planning, 62(1), pp. 3-65.
Natural Resources Wales (2023) Terrestrial Phase 1 Habitat Survey. Data Map Wales. Available at: https://datamap.gov.wales/layers/geonode:nrw_terrestrial_phase_1_habitat_survey (Accessed: 25 May 2026).
Natural Resources Wales (2025) State of Natural Resources Report 2025: Explore SoNaRR 2025 content. Available at: https://naturalresources.wales/evidence-and-data/research-and-reports/state-of-natural-resources-report-2025/?lang=en(Accessed: 25 May 2026).
National Biodiversity Network (NBN) Trust (2026) National Biodiversity Network. Available at: https://nbnatlas.org/ (Accessed: 25 May 2026).
Ottens, H.J., Kuiper, M.W., Flinks, H., van Ruijven, J., Siepel, H., Koks, B.J., Berendse, F. and de Snoo, G.R. (2014) 'Do field margins enrich the diet of the Eurasian Skylark Alauda arvensis on intensive farmland?', Ardea, 102(2), pp. 161-174.
Puttmanns, M. et al. (2022) 'Habitat use and foraging parameters of breeding Skylarks indicate no seasonal decrease in food availability in heterogeneous farmland', Ecology and Evolution, 12(1), e8461. 
Rodríguez-Merino, A., García-Murillo, P., and Fernández-Zamudio, R. (2020). 'Combining multicriteria decision analysis and GIS to assess vulnerability within a protected area: An objective methodology for managing complex and fragile systems', Ecological Indicators, 108, 105738. 
Radovic, A., Kapelj, S. and Taylor, L.T. (2025) 'Utilizing Remote Sensing Data for Species Distribution Modeling of Birds in Croatia', Diversity, 17(6), 399. 
Rigal, S. et al. (2023) 'Farmland practices are driving bird population decline across Europe', Proceedings of the National Academy of Sciences of the United States of America, 120(21), e2216573120. 
RSPB (n.d.a) Skylark. Available at: https://www.rspb.org.uk/birds-and-wildlife/skylark (Accessed: 18 May 2026).
RSPB (n.d.b) Skylark conservation advice for farmers. Available at: https://www.rspb.org.uk/helping-nature/what-we-do/influence-government-and-business/farming/advice-for-farmers-helping-bird-species/skylark-advice-for-farmers.(Accessed: 25 May 2026).
Skidmore, A.K. et al. (2015) 'Agree on biodiversity metrics to track from space', Nature, 523, pp. 403-405.
Staggenborg, J. and Anthes, N. (2022) 'Long-term fallows rate best among agri-environment scheme effects on farmland birds - A meta-analysis', Conservation Letters, 15(4), e12904. 
State of Nature Partnership (2023) State of Nature report 2023. Available at: https://www.bto.org/our-work/science/publications/reports/state-of-nature/2023(Accessed: 25 May 2026).
Suffolk Wildlife Trust (n.d.) Skylark. Available at: https://www.suffolkwildlifetrust.org/skylark (Accessed: 18 May 2026).
The Wildlife Trust of South and West Wales (n.d.) Skylark. Available at: https://www.welshwildlife.org/wildlife-explorer/birds/larks-sparrows-pipits-wagtails-and-dunnock/skylark (Accessed: 18 May 2026).
The Wildlife Trusts (n.d.) Skylark. Available at: https://www.wildlifetrusts.org/wildlife-explorer/birds/larks-sparrows-pipits-wagtails-and-dunnock/skylark  (Accessed: 20 May 2026).
Welsh Government (2025) Section 6 biodiversity and resilience of ecosystems duty: reporting guidance. Available at: https://www.gov.wales/section-6-biodiversity-and-resilience-ecosystems-duty-reporting-guidance (Accessed: 18 May 2026).
Wilson, J.D. and Browne, S.J. (1993) Habitat selection and breeding success of Skylarks Alauda arvensis on organic and conventional farmland. BTO Research Report No. 129. Thetford: British Trust for Ornithology. 
Wilson, J.D., Evans, J., Browne, S.J. and King, J.R. (1997) 'Territory distribution and breeding success of Skylarks Alauda arvensis on organic and intensive farmland in southern England', Journal of Applied Ecology, 34(6), pp. 1462-1478. 
Zurell, D. et al. (2020) 'A standard protocol for reporting species distribution models', Ecography, 43(9), pp. 1261-1277.  (Accessed: 25 May 2026).
 

1

image3.jpeg
Cardiff Distance From Red Fox Suitabllity Analysis

v i
Legend
0 25 Skm cardiff_redfox_presence NEN_proximity_rescaled
— Suitabilty Score
-

0




image4.jpeg
Cardiff Skylark Habitat Suitability Analysis

Habitat suitability analysis
Suitability Score

— 054
4




image1.jpeg
Cardiff Habitat Phasel Suitability Analysis

Legend

cardiff_phase1_suitability
Suitability Score

3
E




image2.jpeg
Cardiff Distance From Hedgerow Suitability Analysis A

o 25 5km cardif diatance from hedgerow suitabiliy score
— Band 1 (Gray)

| &




