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Non-technical summary 
 

Aims 

 

The Wild Watch project aims to develop habitat suitability models and maps for ten species across 

Nidderdale AONB (Area of Outstanding Natural Beauty) to inform practical conservation on a 

landscape scale. The models and maps will be used to help identify important habitat requirements 

for each species and pinpoint areas of the ANOB where conservation actions should be prioritised. 

 

Methods 

 

Using species records collected in 2017, we generated habitat suitability models (HSMs) for four 

wading bird species (curlew, lapwing, oystercatcher and snipe), two farmland bird species (skylark and 

song thrush) and four river species (dipper, grey wagtail, kingfisher and water vole). Data from 2018 

will be available soon and will be incorporated in models early in 2019, so the results presented are 

preliminary. It is likely that models will improve with additional data. 

 

A spatially hierarchical approach was used for modelling, which is a relatively new approach 

recommended in the recent scientific literature to improve the accuracy of models. Regional scale 

models were initially built using habitat variables that are likely to be important at coarse ‘landscape’ 

scales (1 km resolution), such as land cover and human infrastructure. The resulting predictions were 

then incorporated into local scale models along with habitat variables that are likely to be important 

at finer scales (50 m resolution), such as soil type and topography. The outcome is a final integrated 

model for each species that allows for different responses to variables at both landscape and local 

scales. Predictions of habitat suitability were made for each species across the AONB. 

 

The accuracy of final models was assessed using AUC values, alongside other measures (see page 14 

for a full explanation). AUC values range from 0–0.5 (poor models performing no better than random) 

to 1 (a perfect model). Typically, models with AUC values above 0.7 are acceptable for practical 

applications, but those with values of less than 0.8 must be used with particular caution. 

 

Results 

 

The final models for wading birds performed reasonably well (AUC 0.62–0.76), except for 

oystercatcher (AUC 0.59). Both regional and local scale variables were important for predicting the 

presence of wading birds. The presence of buildings, woodland, trees and hedges generally had 

negative effects on habitat suitability. The cover of water, such as rivers and lakes, topographic 

wetness (the amount of surface water), soil moisture, slope, aspect and distance to grassland were 

also important variables with preferences varying between species. The habitat suitability maps 

showed differences in the distribution of suitable habitats across the AONB for each wading bird 

species (see pages 19, 21, 23, 25). Suitable habitats for curlew are the most widespread across both 

upland and lowland areas, whereas suitable habitats for lapwing and snipe are more restricted. 

Patches of suitable habitat for snipe are mostly found in upland areas and on moorland, whereas the 

most suitable habitats for lapwing are on the fringes of these habitats. The pattern for oystercatcher 
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is different to the other wading bird species with clusters of suitable habitat along streams and rivers 

in both upland fringes and lowland areas. 

The final models performed well for skylark (AUC 0.87) and song thrush (AUC 0.76). Regional scale 

variables were important for skylark, but not song thrush. The cover of arable land, topographic 

wetness and the density of hedges and trees had negative effects on the presence of skylark, whereas 

areas with a southerly aspect were preferred and suitable habitats were generally located in upland 

areas in the west of the AONB (see page 27). Song thrush habitat suitability showed a different pattern, 

with suitable habitats located in lowland areas in the east of the AONB (see page 29). The presence of 

woodland, hedges and treelines, damp soils and grassland were the most important predictors with 

positive effects on song thrush presence. 

 

Few records were available for the river species: dipper, grey wagtail, kingfisher and water vole (8–18 

records per species). It was not possible to produce useful regional scale models. Local scale models 

were generated, but predictive performance was poor and few useful habitat associations were found 

(see pages 31–34). This is likely to be due to the low number of records, and the fact that some species 

may have fine-scale habitat preferences that could not be captured, e.g. relating to water quality and 

riverbank features. 

 

Next steps 

 

The habitat suitability models generated should be considered a work in progress, although the 

models for several species (e.g. curlew, lapwing, snipe, skylark and song thrush) are already 

performing well.  

 

We make the following suggestions to improve on the existing models: 

 

• Add species records collected in 2018 

• Try models for new species in place of those that are not performing well and/or have a low 

number of records, such as kingfisher and water vole (this will be decided in discussion with The 

Wild Watch team once the 2018 data are available)  

• Look into adding new sources of habitat data to the models, such as crop mapping  

• Increase survey coverage by carrying out surveys in new areas of the AONB in 2019 
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1. Introduction 
 

The Wild Watch project aims to develop habitat suitability models (HSM) and maps for ten species 

across Nidderdale AONB (Area of Outstanding Natural Beauty) to inform practical conservation on a 

landscape scale. HSM is a statistical technique that predicts the distribution of a species from 

environmental data and occurrence records and will highlight important or ‘suitable’ habitats. Species 

records are entered into a modelling program called MaxEnt alongside relevant environmental 

variables. MaxEnt is a machine learning process that predicts the geographical distribution of a species 

based on the environmental conditions at locations where the species is known to occur, using the 

maximum entropy method (Phillips et al. 2006). A presence-only approach is used where the values 

of environmental variables at the location a species has been recorded are compared with a random 

set of ‘background points’ or pseudoabsences that represent the environmental conditions available 

to a species across the region being modelled (Phillips et al. 2009). The results show the relative 

importance of different environmental variables for predicting species presence. Fine resolution 

gridded habitat suitability maps can be generated, showing an estimate of the probability of presence 

or ‘suitability’ of habitats for a species across a region. These colour-coded maps make excellent 

decision-making tools for conservationists and planners. 

 

For this project, we used a spatially hierarchical process to produce habitat suitability models. This is 

a relatively new approach that allows the effects of different spatial scales to be investigated while 

overcoming issues with cross-scale collinearity that tend to limit traditional modelling approaches 

(Lypsey et al. 2017, CC Bellamy in prep.). A regional scale model is initially built using habitat variables 

that are likely to be important at coarse ‘landscape’ scales, such as land cover and human 

infrastructure. The resulting predictions are then incorporated into a local scale model along with 

habitat variables that are likely to be important at finer scales, such as soil type and topography. The 

outcome is a final integrated model that allows for different responses to variables at both landscape 

and local scales. This type of hierarchical multi-scale modelling approach has been recommended in 

the recent scientific literature to improve modelling accuracy and ecological inference (McGarigal et 

al., 2016). However, it should be noted that the performance of any model can be limited by the 

availability of species and/or environmental input data. The final models presented should be 

considered a work in progress. We make suggestions for further model development over the next 

two years of The Wild Watch project.
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2. Methods 

 

2.1 Species presence data 

Species records were collected along 42 transects walked 1–4 times in 2017 (Figure 1). Twenty-four 

‘general’ transect routes were systematically selected from within 1 km2 survey sites evenly 

distributed across Nidderdale AONB (see Berthinussen & Altringham 2016 for more information on 

the sampling strategy). Eighteen transect routes were designed to record species associated with 

rivers and appropriate routes were selected along waterways within or as close as possible to the 1 

km2 survey sites.  

 

 
 
Figure 1. Transects completed across Nidderdale AONB in 2017. ‘General’ transects were systematically 
selected from 1 km2 survey sites. River transects were selected along waterways as close as possible to 1 km2 
survey sites. Contains OS data © Crown copyright and database right (2018) 
 

 

Ten species belonging to three survey groups (wading birds, farmland birds and river species) were 

chosen for HSM based on the number of records collected during surveys in 2017 and their suitability 

for modelling (Table 1, Figures 2–4). Although we typically recommend models are built with a 

minimum of 100 records per species, successful models have been made with fewer (e.g. Hernandez 

et al. 2006, Wisz et al. 2008) and the models can easily be updated with additional species records as 

they are collected. All species records were georeferenced to a resolution of at least 50 m. Duplicate 

records per grid cell (1,000 m for the regional scale model, 50 m for the local scale model) were 

removed prior to modelling.  
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Table 1. The number of records for each of the ten species selected for modelling. Total number collected in 
2017 and the number remaining after duplicate records were removed 
 

Survey group Species Total 
records  

Records per  
50 m grid cell 
(local scale) 

Records per 
1,000 m grid cell 
(regional scale) 

Wading birds 
(breeding) 

Curlew (Numenius arquata) 154 151 34 

Lapwing (Vanellus vanellus) 72 71 23 

Oystercatcher (Haematopus ostralegus) 46 43 10 

Snipe (Gallinago gallinago) 46 44 14 

Farmland birds Skylark (Alauda arvensis) 18 18 8 

Song thrush (Turdus philomelos) 59 54 20 

River species Dipper (Cinclus cinclus) 14 11 3 

Grey wagtail (Motacilla cinereal) 25 18 12 

Kingfisher (Alcedo atthis) 8 7 5 

Water vole (Arvicola amphibious) 12 11 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 2. Maps of wading bird records collected in 2017. 
The total number of records for each species (curlew, 
lapwing, oystercatcher and snipe) are shown. NB: Drawn at 
this scale, there is overlap between records. Contains OS 
data © Crown copyright and database right (2018) 
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Figure 3. Maps of farmland bird 
records collected in 2017. The total 
number of records for each species 
(skylark and song thrush) are shown. 
NB: Drawn at this scale, there is 
overlap between records. Contains OS 
data © Crown copyright and database 
right (2018) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Figure 4. Maps of records for river species collected in 
2017. The total number of records for each species (dipper, 
grey wagtail, kingfisher and water vole) are shown. NB: 
Drawn at this scale, there is overlap between records. 
Contains OS data © Crown copyright and database right 
(2018)
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2.2 Pseudoabsences 

Species records were collected using a systematic sampling approach to provide an even distribution 

of survey sites (see Berthinussen & Altringham 2016). However, sampling bias may occur when records 

have not been collected randomly and uniformly across the entire study area. By default, MaxEnt will 

randomly generate absence (or ‘pseudoabsence’) data during modelling, and this can result in skewed 

results which may reflect patterns in sampling effort rather than those relating to the species’ 

presence in the environment. To reduce the impact of sampling bias on model predictions, 

pseudoabsences were selected from bias files describing the levels of survey effort across Nidderdale 

AONB. Separate bias files were created for ‘general’ transect surveys and river transect surveys. To 

create the bias files, areas that had been sampled were identified (‘general’ transect routes with a 500 

m buffer and river transects with a 100 m buffer) and values were assigned to them according to how 

many times they had been surveyed in 2017. Pseudoabsence points were then selected from these 

areas according to sampling intensity. To maximise MaxEnt performance, 10,000 pseudoabsence 

points were selected for each model as recommended by Phillips & Dudik (2008). See Appendix A for 

maps of bias files and pseudoabsence points. 

 

2.3 Environmental data 

GIS data from multiple sources were used to generate environmental variables for the study area 

(Tables 2 and 3). Data were manipulated in ArcGIS 10.4.1 (www.esri.com) to produce the 1,000 m and 

50 m resolution rasters required for the regional and local scale models. A total of 28 variables were 

created including three ‘non-scalar’ categorical variables. All other variables were measured at 

multiple spatial scales by measuring cell statistics in different sized circles centred on each raster cell 

using the ‘Focal Statistics’ tool. Four spatial scales were chosen to include a range of coarse (regional 

scale: 1,000 and 5,000 m) and fine (local scale: 100 and 500 m) resolutions. The ArcGIS toolbox 

‘MultiScaleMaxent’ was used to automatically generate multi-scale variables (Bellamy et al. 2013; 

Bellamy & Altringham 2015). For regional scale variables, an additional ‘Aggregate’ function was run 

prior to calculating focal statistics to ensure that smaller patches of habitat were included when 

generating land cover rasters at coarser resolutions (CC Bellamy unpublished). A map showing the 

study region and some of the environmental data used for modelling is provided in Appendix B.
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Table 2. Environmental variables used for each species in regional scale models. All variables had a resolution of 1,000 m and were produced at two spatial scales (1,000 
and 5,000 m). See Appendix C for descriptions of variables and data sources 

 

 

 

 

Environmental variable Curlew Lapwing Oystercatcher Snipe Skylark Song thrush Dipper 
Grey 

wagtail 
Kingfisher Water vole 

Cover of arable (%) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Cover of heath and bog (%) ✓ ✓ ✓ ✓ ✓ ✓     

Cover of improved grassland (%) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Cover of semi-natural grassland (%) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Cover of woodland (all types) (%) ✓ ✓ ✓ ✓ ✓ ✓     

Cover of broadleaved woodland (%)       ✓ ✓ ✓ ✓ 

Cover of coniferous woodland (%)       ✓ ✓ ✓ ✓ 

Cover of mixed woodland (%)       ✓ ✓ ✓ ✓ 

Cover of inland water (%) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Density of buildings (per ha) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Density of roads (km/km2) ✓ ✓ ✓ ✓ ✓ ✓     

Density of woodland edge (km/km2)      ✓     

Density of watercourses (km/km2)       ✓ ✓ ✓ ✓ 
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Table 3. Environmental variables used for each species in local scale models. All variables had a resolution of 50 m and were produced at two spatial scales (100 and 500 
m). Non-scalar variables are marked with an asterisk. See Appendix C for descriptions of variables and data sources, and Appendix D for soil type and wetness categories 

Environmental variable Curlew Lapwing Oystercatcher Snipe Skylark Song 
thrush 

Dipper Grey 
wagtail 

Kingfisher Water 
vole 

Aspect (N, NE, E, SE, S, SW, W, NW)* ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Mean altitude (m above sea level) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Mean slope (°) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Mean Topographic Wetness ✓ ✓ ✓ ✓ ✓ ✓     

Soil type (categorical)* ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Soil wetness (categorical)* ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Cover of arable (%)  ✓ ✓  ✓  ✓ ✓ ✓ ✓ 

Cover of heath and bog (%) ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Cover of improved grassland (%) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Cover of semi-natural grassland (%) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Cover of woodland (all types) (%)      ✓     

Cover of broadleaved woodland (%)       ✓ ✓ ✓ ✓ 

Cover of coniferous woodland (%)       ✓ ✓ ✓ ✓ 

Cover of mixed woodland (%)       ✓ ✓ ✓ ✓ 

Cover of inland water (%)           

Cover of gardens (%)      ✓     

Density of buildings (per ha) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Density of woodland edge (km/km2)      ✓     

Density of watercourses (km/km2)       ✓ ✓ ✓ ✓ 

Density of trees (per ha) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Density of hedges and treelines (km/km2) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Maximum woodland patch (km2)      ✓     

Distance to arable (m)  ✓ ✓  ✓ ✓     

Distance to improved grassland (m) ✓ ✓ ✓ ✓ ✓      

Distance to semi-natural grassland (m) ✓ ✓ ✓ ✓ ✓      

Distance to inland water (m) ✓ ✓ ✓ ✓ ✓ ✓     

Distance to woodland edge (m) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
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2.3 Modelling 

Building the models 

A spatially hierarchical approach was used for modelling (CC Bellamy in prep.). For each species, a 

regional scale model was built at a resolution of 1,000 m using environmental variables that are likely 

to be important at coarse scales (see Table 2). The resulting predictions were then entered into a local 

scale model built at a resolution of 50 m along with fine-scale environmental variables (see Table 3). 

The final local scale model was used to produce predictions of habitat suitability for each species 

across Nidderdale AONB.  

 

The following steps were carried out in R (v. 3.4.1; R Core Team 2018) following script provided by CC 

Bellamy (in prep.) and Bellamy et al. (2017) to build, test and refine the models for each species: 

 

Regional scale model 

1) All species records were filtered to retain one record per 1,000 m grid cell. For species with 

larger datasets (>25 records), species and pseudoabsence data were spatially aggregated into 

three folds using k-means clustering (‘stats’ package; R Core Team 2018). These data folds were 

used for spatially constrained three-fold cross validation, retaining one group at a time for 

model testing. This reduces the potential for false inflation of model performance measures 

caused by spatial autocorrelation between training and test records (Bellamy et al. 2013, 

Merckx et al. 2011, Veloz 2009). For species with a small number of records (<25), a leave-one-

out jackknife validation approach was used, where single data points are withheld one at a time 

for model testing. The advantage of both validation methods is that all samples in the dataset 

are eventually used to both test and train the models. 

 

2) Highly correlated predictor variables can affect model stability and make it difficult to interpret 

model predictions. Collinear regional environmental variables were removed using variance 

inflation factors (VIFs), which are used to quantify multi-collinearity. Variables with the highest 

VIF were sequentially dropped (‘usdm’ package, Naimi et al. 2014). A relatively strict VIF 

threshold of 3 was used, as recommended by Zuur et al. (2010). The reduced set of variables 

was used for modelling. 

 

3) To find the best combination of model settings, regularisation parameter and feature settings 

were fine-tuned using the ‘ENMeval’ package (Muscarella et al. 2014). All models were run using 

three-fold spatially constrained cross validation or leave-one-out jackknife validation (as 

explained in step 1). Combinations of feature types were tested: (linear (L), quadratic (Q), 

product (P), threshold (T) and hinge (H)): L, H, LQ, LQH, LQHPT; and the regularisation multiplier 

was varied by a step of 0.5, between the values of 0.5 and 4. The model with the lowest AICc 

value (Akaike’s Information Criterion corrected for small sample sizes), a metric that reflects 

both goodness of fit and model complexity, was selected as the best performing model.  

 

4) The model was run with all data and optimal settings to produce final predictions using the 

‘dismo’ package (Hijmans et al. 2017). The continuous logistic regional scale predictions were 

saved as a raster for inclusion in the local scale model. 
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Final local scale model 

The steps above were repeated for each 50 m resolution local scale model. The raster of regional scale 

predictions was projected to a 50 m resolution and entered into the model alongside local scale 

variables. Final models were run with all data and optimum settings to produce final predictions of 

habitat suitability across the entire AONB. For river species, predictions were restricted to areas within 

150 m of watercourses and water bodies. 

 

Measuring model performance 

To assess the performance of the final models, two measures were used:  

 

AUC values 

The average area under receiver operating characteristic (ROC) curve (AUC) statistic describes how 

well the model performs compared to a random model.  It can be interpreted as the probability that 

a randomly chosen presence point will have a higher predicted value than a randomly chosen absence 

(or ‘background’) point. This non-parametric method is commonly used to assess the accuracy of 

predictive distribution models. An AUC value of less than 0.5 indicates that a model is performing no 

better than random, AUC values of 0.5 - 0.7 indicate low accuracy, values of 0.7 - 0.9 indicate useful 

applications and values >0.9 indicate high accuracy (Swets 1988). However, there are issues with 

relying on AUC as a single measure of model performance (e.g. Lobo et al. 2008, Hanczar et al. 2010). 

It is advised that additional methods, such as omission rates, are used to assess model performance 

alongside AUC values (Lobo et al. 2008). 

 

Omission rates 

The proportion of the study area that was predicted to be suitable for a species was calculated using 

the occupancy threshold rule that maximises test sensitivity plus specificity (MTSS). This threshold 

optimizes the trade-off between sensitivity and specificity to minimise the cases where the model 

incorrectly assigns unsuitable habitat and misses suitable habitat. Although it is a stringent threshold 

that may under-estimate a species range, it provides a strict measure for testing the performance of 

presence-only models (Liu et al. 2013). Omission rates (the proportion of presence points that fall 

outside the area predicted to be suitable) and their statistical significance were calculated using a 

binomial test. The lower the omission rate, the greater the model’s predictive accuracy. A statistically 

significant result (p<0.05) indicates that the rates are significantly lower than expected by chance 

alone. 

 

Model outputs 

Response curves  

Marginal response curves were produced for each species showing the shape of the relationship 

between important habitat variables and the probability of the species being present. 

 

Importance of variables 

‘Permutation importance’ was calculated for each environmental variable retained in the final model. 

The contribution of each variable to the model is determined by randomly permuting the values of 
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that variable among the training points (both presence and background) and measuring the resulting 

decrease in training AUC. A large decrease indicates that the model depends heavily on that variable. 

Values are normalized to give percentages. This measure depends only on the final model and is 

considered more reliable than the alternative ‘percent contribution’ metric provided by MaxEnt, 

which is affected by the order of variables within the model (Phillips 2005).  

 

Habitat suitability index map 

A continuous logistic output was produced for the entire AONB for each species. These maps show a 

colour-coded habitat suitability index (HSI) ranging from 0 (unsuitable habitat) to 1 (highly suitable 

habitat). 

 

Binary presence/absence maps 

Binary maps were produced for the entire AONB to show areas where each species is predicted to be 

‘present’ or ‘absent’ according to the tenth percentile occupancy threshold. This is a relatively 

conservative threshold that excludes 10% of training points and therefore defines suitable areas based 

on 90% of the data.
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3. Results 

 

3.1 Model performance 

The performance of each species’ final local scale model was calculated using AUC and omission rates 

(Table 4). AUC values are also shown for regional scale models to give an indication of the performance 

of regional scale variables alone. There were too few presence points to run a regional scale model 

for dipper (n = 3). Regional scale models were run for grey wagtail, kingfisher and water vole, but none 

of the models performed better than random (all AUC < 0.5) and regional scale predictions were 

therefore not included in the final local scale models for these species. The threshold independent 

measures of performance for the final models varied between species (AUC: 0.59–0.87). All species’ 

models had lower omission rates than expected by chance, except for dipper. 

 
Table 4. Optimal model settings and measures of model performance for regional scale and final local scale 
models. Feature types: L = linear, Q = Quadratic, H = hinge; Total (n) = number of records after filtering to retain 
one record per grid cell; Test AUC = average test AUC obtained from three-fold cross validation or leave-one-out 
jackknife validation ± variance; suitable area = proportion of the AONB predicted to be suitable for a species 
according to the MTSS occupancy threshold rule; Omission rate = proportion of presence points which fell 
outside of the suitable area. Asterisks show level of significance (** p<0.001, ***p<0.0001), n.s. = not significant. 
Measures of model performance for final local scale models are shown in bold 

Species Model Feature 
types 

Beta 
multiplier 

Total 
(n) 

Test AUC Percentage 
suitable area 

Omission 
rate (%) 

Curlew Regional L 4 34 0.61 ± 0.03   

Local LQ 0.5 151 0.62 ± 0.0003 8.0 0.58*** 

Lapwing Regional L 4 23 0.57 ± 0.004   

Local H 3.5 71 0.67 ± 0.06 11.6 0.40*** 

Oystercatcher Regional H 2 19 0.59 ± 0.009   

Local LQ 4 43 0.59 ± 0.06 8.5 0.52*** 

Snipe Regional L 1.5 14 0.68 ± 1.07   

Local L 3 44 0.76 ± 0.03 9.8 0.48*** 

Skylark Regional L 2 8 0.76 ± 0.11   

Local L 2.5 18 0.87 ± 0.10 1.3 99.8** 

Song thrush Regional L 2 20 0.68 ± 0.71   

Local LQ 2 54 0.76 ± 0.003 8.6 0.38*** 

Dipper Regional na na 3 na   

Local L 3.5 11 0.87 ± 0.55 0 100.0 n.s. 

Grey wagtail Regional na na 12 All < 0.5   

Local L 3.5 18 0.67 ± 1.51 1.6 99.72*** 

Kingfisher Regional na na 5 All < 0.5   

Local H 3 7 0.75 ± 0.04 0.8 99.43*** 

Water vole Regional na na 5 All < 0.5   

Local H 4 11 0.78 ± 0.49 5.9 0.45*** 
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3.2 Model composition 

Up to three regional scale environmental variables and three to seven local scale environmental 

variables contributed to the final models for each species. Maps of habitat suitability across 

Nidderdale AONB as predicted by the final optimal local scale models are shown in Figures 5, 7, 9, 11, 

13, 15, 17–20. 

 

For curlew, three variables contributed to the regional scale model. The cover of water (rivers and 

lakes), woodland and arable land all had negative effects on the presence of curlew at the 1,000 m 

scale (Figure 6, Appendix E). A total of seven variables (including the regional scale predictions) 

contributed significantly to the final local scale model (Figure 6). Mean slope and the density of 

buildings (both at the 100 m scale), as well as distance to woodland contributed most to the model. 

Curlew habitat suitability was predicted to be highest on gentle slopes (up to 0.5˚) in areas with a low 

density of buildings away from woodland. Distance to semi-natural grassland also contributed to the 

model, with a negative effect on curlew presence. Distance to water, such as rivers and lakes, had a 

positive effect, but habitat suitability was predicted to increase with the amount of surface water at 

low to moderate Topographic Wetness Indices (5–8) within 500 m (TWI range for study area = 0.6 

(driest areas) – 23 (rivers and lakes)). 

 

For lapwing, three variables contributed to the regional scale model. The cover of water and the 

density of buildings (both at the 1,000 m scale) contributed the most with a negative effect on habitat 

suitability, and the cover of arable land (1,000 m scale) also had a small negative effect (Figure 8, 

Appendix E). A total of five variables (including the regional scale predictions) contributed to the final 

local scale model (Figure 8). The density of trees (within 100 m) was the most important predictor 

with a negative effect on the presence of lapwing. Gentle slopes with moderately wet soils (soil 

wetness classes 3, 4 and 5) were preferred. Distance to semi-natural grassland also had a negative 

effect on lapwing habitat suitability.  

 

For oystercatcher, two variables contributed to the regional scale model. A low density of buildings at 

the 1,000 m scale increased habitat suitability for oystercatcher, whereas the cover of water at the 

same scale had a negative effect (Figure 10, Appendix E). A total of four variables (including the 

regional scale predictions) contributed to the final local scale model (Figure 10). Distance to water had 

a negative effect on habitat suitability, with a greater decline in oystercatcher presence over 100 m 

from rivers and lakes. However, areas with less surface water (topographic wetness) were preferred. 

The density of trees (at both 100 and 500 m scales) had a negative effect on the presence of 

oystercatcher. 

 

For snipe, only one variable contributed to the regional scale model. The cover of woodland at the 

1,000 m scale had a negative effect on habitat suitability (Figure 12, Appendix E). A total of seven 

variables (including the regional scale predictions) contributed to the final local scale model (Figure 

12). The density of buildings (within 500 m) had a large negative effect on the presence of snipe. North-

easterly aspects were preferred, as were areas close to rivers and lakes with a low density of trees 

(within 500 m). Moderately and seasonally wet soils were also preferred (soil wetness class 4, defined 

as not wet within 40 cm for >180 days in most years). The wettest soils (soil wetness class 6, defined 
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as wet within 40 cm for >335 days in most years) and areas with high Topographic Wetness Indices 

(>5.5) were avoided (TWI range for study area = 0.6 (driest areas) – 23 (rivers and lakes)). 

 

For skylark, two variables contributed to the regional scale model. The cover of arable land (at the 

5,000 m scale) and the cover of water, such as rivers and lakes (at the 1,000 m scale) had negative 

effects on habitat suitability (Figure 14, Appendix E). A total of five variables (including the regional 

scale predictions) contributed to the final local scale model (Figure 14). The density of trees (within 

500 m) contributed the most with a negative effect on the presence of skylark. The density of hedges 

and treelines (within 100 m) also had a negative effect, as did topographic wetness (at the 500 m 

scale). Areas with a southerly aspect were preferred by skylark. 

 

For song thrush, one variable contributed to the regional scale model. The cover of improved 

grassland within 1,000 m had a positive effect on habitat suitability. However, regional scale 

predictions did not contribute to the final local scale model, and therefore the results are not 

presented. A total of seven local scale variables contributed to the final model for song thrush (Figure 

16). The predictor variable that contributed the most to the model was the density of hedges and 

treelines within 500 m, which had a positive effect on habitat suitability. Song thrush also preferred 

soils of type 17 (slowly permeable seasonally wet acid loamy and clayey soils) and areas close to 

woodland with a higher density of woodland edge (at both the 100 m and 500 m scales). The cover of 

improved and semi-natural grassland within 100 m also increased song thrush habitat suitability. 

 

For dipper, four local scale variables contributed to the final model (a regional scale model could not 

be generated), although most of the effects were small (Figure 17). The cover of coniferous woodland, 

improved grassland and semi-natural grassland all had small negative effects on habitat suitability at 

the 100 m scale. Soils of type 6 (freely draining slightly acid loamy soils) were preferred. 

 

For grey wagtail, two local scale variables contributed to the final model (the regional scale model did 

not produce useful predictions), although the effects were small (Figure 18). Soils of type 17 (slowly 

permeable seasonally wet acid loamy and clayey soils) and southerly and westerly aspects were 

preferred. 

 

For kingfisher, two local scale variables contributed to the final model (the regional scale model did 

not produce useful predictions), although the effects of each variable were small (Figure 19). The 

density of watercourses and the cover of broadleaved woodland both had small positive effects on 

habitat suitability at the 100 m scale. 

 

For water vole, four local scale variables contributed to the final model (the regional scale model did 

not produce useful predictions), although most of the effects were small (Figure 20). The density of 

watercourses within 100 m had a small positive effect, and the cover of coniferous woodland within 

100 m had a small negative effect. North-easterly aspects were preferred and soils of type 18 (slowly 

permeable seasonally wet slightly acid but base-rich loamy and clayey soils) were avoided.
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A) Curlew HSI map       B) Curlew presence/absence map  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Habitat suitability maps for curlew. A) Map shows continuous habitat suitability indices (HSI) ranging from 0 (low suitability, yellow) to 1 (high suitability, 
blue). B) Map shows predicted presence or absence of curlew according to the tenth percentile occupancy threshold.  Transect routes and curlew presence records 

are also shown. Contains OS data © Crown copyright and database right (2018)  
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A) Curlew regional scale model     B) Curlew final local scale model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Marginal response curves for curlew. The predicted 
probability of curlew presence over each variable’s range is 
shown. Variables that contributed significantly (>5%) to the 
optimal regional scale model (A) and final local scale model (B) 
are shown. Percentages = the permutation importance of each 
variable in the final model.  
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A) Lapwing HSI map       B) Lapwing presence/absence map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Habitat suitability maps for lapwing. A) Map shows continuous habitat suitability indices (HSI) ranging from 0 (low suitability, yellow) to 1 (high suitability, 
blue). B) Map shows predicted presence or absence of lapwing according to the tenth percentile occupancy threshold.  Transect routes and lapwing presence records 

are also shown. Contains OS data © Crown copyright and database right (2018) 
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A) Lapwing regional scale model      B) Lapwing final local scale model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Marginal response curves for lapwing. The predicted probability of lapwing presence over each variable’s range is shown. Variables that contributed significantly 
(>5%) to the optimal regional scale model (A) and final local scale model (B) are shown. Percentages = the permutation importance of each variable in the final model. For 
definitions of soil wetness categories see Appendix D. 
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A) Oystercatcher HSI map       B) Oystercatcher presence/absence map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Habitat suitability maps for oystercatcher. A) Map shows continuous habitat suitability indices (HSI) ranging from 0 (low suitability, yellow) to 1 (high 
suitability, blue). B) Map shows predicted presence or absence of oystercatcher according to the tenth percentile occupancy threshold.  Transect routes and 

oystercatcher presence records are also shown. Contains OS data © Crown copyright and database right (2018) 
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A) Oystercatcher regional scale model         B) Oystercatcher final local scale model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Marginal response curves for oystercatcher. The predicted probability of oystercatcher presence over each variable’s range is shown. Variables that contributed 
significantly (>5%) to the optimal regional scale model (A) and final local scale model (B) are shown. Percentages = the permutation importance of each variable in the final 
model.   
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A) Snipe HSI map        B) Snipe presence/absence map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Habitat suitability maps for snipe. A) Map shows continuous habitat suitability indices (HSI) ranging from 0 (low suitability, yellow) to 1 (high suitability, 
blue). B) Map shows predicted presence or absence of snipe according to the tenth percentile training occupancy threshold.  Transect routes and snipe presence 

records are also shown. Contains OS data © Crown copyright and database right (2018) 
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A) Snipe regional scale model  B) Snipe final local scale model 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. Marginal response curves for snipe. The predicted probability of snipe presence over each variable’s 
range is shown. Variables that contributed significantly (>5%) to the optimal regional scale model (A) and final 
local scale model (B) are shown. Percentages = the permutation importance of each variable in the final model.  
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A) Skylark HSI map        B) Skylark presence/absence map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Habitat suitability maps for skylark. A) Map shows continuous habitat suitability indices (HSI) ranging from 0 (low suitability, yellow) to 1 (high suitability, 
blue). B) Map shows predicted presence or absence of skylark according to the tenth percentile occupancy threshold.  Transect routes and skylark presence records 

are also shown. Contains OS data © Crown copyright and database right (2018) 
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A) Skylark regional scale model  B) Skylark final local scale model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Marginal response curves for skylark. The predicted probability of skylark presence over each variable’s range is shown. Variables that contributed significantly 
(>5%) to the optimal regional scale model (A) and final local scale model (B) are shown. Percentages = the permutation importance of each variable in the final model.  
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A) Song thrush HSI map       B) Song thrush presence/absence map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Habitat suitability maps for song thrush. A) Map shows continuous habitat suitability indices (HSI) ranging from 0 (low suitability, yellow) to 1 (high 
suitability, blue). B) Map shows predicted presence or absence of song thrush according to the tenth percentile occupancy threshold.  Transect routes and song 

thrush presence records are also shown. Contains OS data © Crown copyright and database right (2018) 
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Song thrush final local scale model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Marginal response curves for song thrush. The predicted probability of song thrush presence over each variable’s range is shown. Variables that contributed 
significantly (>5%) to the final local scale model (B) are shown. Regional scale predictions made no contribution (0%) to the final local scale model and are therefore not 
shown. Percentages = the permutation importance of each variable in the final model. 
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A) Dipper HSI map      B) Dipper presence/absence map 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 17. Habitat suitability maps and marginal response curves for dipper. Maps show A) 
continuous habitat suitability indices (HSI) ranging from 0 (low suitability, yellow) to 1 (high 
suitability, blue); B) predicted presence or absence of dipper according to the tenth percentile 
occupancy threshold.  NB: predictions for river species are restricted to a 150 m buffer around 
all watercourses. Marginal response curves show the predicted probability of dipper presence 
over each variable’s range. Variables that contributed significantly (>5%) to the final local scale 
model are shown. Percentages = the permutation importance of each variable in the final model. 
Contains OS data © Crown copyright and database right (2018) 
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13% 

A) Grey wagtail HSI map     B) Grey wagtail presence/absence map 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 18. Habitat suitability maps and marginal response curves for grey wagtail. Maps show A) continuous habitat suitability indices (HSI) ranging from 0 (low suitability, 
yellow) to 1 (high suitability, blue); B) predicted presence or absence of grey wagtail according to the tenth percentile occupancy threshold.  NB: predictions for river 
species are restricted to a 150 m buffer around all watercourses. Marginal response curves show the predicted probability of dipper presence over each variable’s range. 
Variables that contributed significantly (>5%) to the final local scale model are shown. Percentages = the permutation importance of each variable in the final model. 
Contains OS data © Crown copyright and database right (2018) 
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44% 

52% 

A) Kingfisher HSI map     B) Kingfisher presence/absence map 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 19. Habitat suitability maps and marginal response curves for kingfisher. Maps show A) continuous habitat suitability indices (HSI) ranging from 0 (low suitability, 
yellow) to 1 (high suitability, blue); B) predicted presence or absence of kingfisher according to the tenth percentile occupancy threshold.  NB: predictions for river species 
are restricted to a 150 m buffer around all watercourses. Marginal response curves show the predicted probability of dipper presence over each variable’s range. Variables 
that contributed significantly (>5%) to the final local scale model are shown. Percentages = the permutation importance of each variable in the final model. Contains OS 
data © Crown copyright and database right (2018) 
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A) Water vole HSI map     B) Water vole presence/absence map 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 20. Habitat suitability maps and marginal response curves for kingfisher. 
Maps show A) continuous habitat suitability indices (HSI) ranging from 0 (low 
suitability, yellow) to 1 (high suitability, blue); B) predicted presence or absence of 
kingfisher according to the tenth percentile occupancy threshold.  NB: predictions 
for river species are restricted to a 150 m buffer around all watercourses. Marginal 
response curves show the predicted probability of dipper presence over each 
variable’s range. Variables that contributed significantly (>5%) to the final local scale 
model are shown. Percentages = the permutation importance of each variable in the 
final model. Contains OS data © Crown copyright and database right (2018)
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4. Discussion 

 

4.1 Model results 

Wading birds 

The regional scale models alone performed better than random for all four wading bird species (AUC 

0.57–0.68), suggesting that landscape scale variables have some importance for predicting the 

presence of these species. The performance of the regional scale models was generally lower than the 

final models, but this is to be expected given that important local scale variables had not been included 

at this stage.  

 

The final local scale models performed well for snipe (AUC 0.76) and models for curlew and lapwing 

(AUC 0.62 and 0.67 respectively) showed promise with the inclusion of more data. The habitat 

associations predicted by the models make biological sense (see below). The model for oystercatcher 

did not perform as well (AUC 0.59). This could be because oystercatcher is more of a generalist species 

with a wider range of habitat preferences. It could also be that we have not captured the habitat 

variables or spatial scales that are most important for predicting oystercatcher presence. Little is 

currently known about the habitat preferences of oystercatcher breeding inland. Adding more species 

records and detailed habitat data is likely to improve the predictive performance of the models for all 

species (see Section 4.2).  

 

Despite differences in model performance, the models show some clear habitat associations. The 

density of buildings had a negative effect on the habitat suitability of curlew, lapwing and snipe at 

regional or local scales. This relationship is expected, as these species have been found to avoid areas 

where human disturbance and predation risk are high (e.g. Bradter et al. 2010, Brown 2014). However, 

for oystercatcher, a low density of buildings at a regional scale was predicted to have a positive effect 

on habitat suitability, suggesting that this species can tolerate or may even benefit from the presence 

of small settlements. Previous studies have found that oystercatcher can habituate to regular and 

predictable disturbance (Hüppop & Hagen 1990) and may nest on the roofs of buildings in towns and 

villages (Duncan et al. 2001). 

 

The predicted presence of all four wading bird species declined in proximity to woodland or in areas 

with a higher density of trees or hedges and treelines. This relationship is also expected and likely to 

be related to increased predation rates by mammalian and avian predators, such as foxes and crows 

(e.g. Amar et al. 2011, Douglas et al. 2014). These effects were particularly pronounced for snipe, for 

which these variables had the largest effects. 

 

The cover of water, such as rivers and lakes, had a negative effect on the presence of wading birds at 

regional scales. This is to be expected, given that none of the species studied are typically wetland 

birds with a strong association with inland water features. However, the local scale effects of water 

cover varied between species. The presence of curlew was predicted to increase with distance from 

water, with areas within 200 m of rivers and lakes being the least suitable. Conversely, the presence 

of both snipe and oystercatcher were predicted to decrease with distance from water, reflecting a 

greater dependence on inland water features for these species. Snipe often occur close to lakes, 
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streams, rivers and ponds (Robinson et al. 2018), and oystercatcher are often found along rivers. 

Topographic wetness (the amount of standing surface water across the landscape) had the opposite 

effect, with curlew preferring a greater amount of surface water than snipe or oystercatcher. Snipe 

also showed a preference for seasonally wet but not permanently saturated soils. Damp/soft soils are 

likely to increase the availability of soil-dwelling invertebrate prey and are more easily penetrable than 

drier soils. However, excessive flooding (i.e. large amounts of surface water) can reduce the 

abundance of invertebrate prey and inhibit foraging (Ausden et al. 2001). Lapwing also showed a 

similar preference for moderately wet soils and have been found to require a mosaic of unflooded 

grassland and shallow pools (Ausden et al. 2001). 

 

The preference of curlew and lapwing for gentle slopes is supported by previous research (e.g. Bradter 

et al. 2010) and could be due to a greater viewshed and reduced predation risk. Distance to semi-

natural grassland also had a negative effect on habitat suitability for curlew and lapwing, which could 

reflect the importance of this habitat for foraging (e.g. Wilson et al. 2001, Franks et al. 2017).  

 

The habitat suitability maps show clear differences in the distribution of habitats predicted to be 

suitable for each wading bird species. Suitable habitats for curlew are the most widespread across 

both upland and lowland areas, whereas suitable habitats for lapwing and snipe are more restricted. 

Patches of suitable habitat for snipe are mostly found in upland areas and on moorland, whereas the 

most suitable habitats for lapwing are on the fringes of these habitats. The pattern for oystercatcher 

is different to the other wading bird species with clusters of suitable habitat along streams and rivers 

in both upland fringes and lowland areas. 

 

Farmland birds 

The final models performed well for both skylark (AUC 0.87) and song thrush (AUC 0.76), although the 

results for skylark should be interpreted with caution given that it was built with a small number of 

records and omission rates were high.  The regional scale models also performed well, although 

regional scale predictions did not contribute to the final model for song thrush. Despite being grouped 

together as farmland birds, these two species have very different habitat associations. 

 

The most suitable habitats for skylark were predicted to be in the upland areas in the west of the 

AONB, and arable land in the east was avoided. Although skylark may be found on arable farmland in 

other parts of the UK, they are also frequently found in moorland and upland habitats, such as 

grassland and heath (e.g. Chamberlain & Gregory 1999), which appear to be preferable in the AONB. 

Skylark was found to avoid areas with a higher density of trees or hedges and treelines, which are 

likely to be related to predation risk, as discussed above. The amount of surface water also had a 

negative effect on skylark presence. This is supported by previous research showing that skylark avoid 

poorly drained habitats, such as wet heath (e.g. Chamberlain et al. 1999).  Southerly aspects were 

preferred, which could be due to increased solar radiation, lowering the energy expenditure required 

for birds to keep warm (e.g. Wolf & Walsberg 1996) and providing conditions for abundant prey (e.g. 

Kanianska et al. 2016). 

 

The distribution of suitable habitats for song thrush show a different pattern, with the most suitable 

habitats predicted to be in lowland areas in the east of the AONB. Song thrush showed a preference 
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for areas close to woodland with a high density of hedges and treelines. This finding is supported by 

previous research showing that song thrush typically nest in dense woody vegetation, and forage 

along woodland edge and wet ditches (e.g. Peach et al. 2004, Kelleher & O’Halloran 2007). The cover 

of improved and semi-natural grassland also had a positive effect on habitat suitability, both of which 

are frequently used by song thrush for foraging (Peach et al. 2004). Seasonally wet loamy and clayey 

soils typical of wet pastures and woodland were also preferred. Damp soils are likely to support a high 

abundance of earthworms, a major component of the song thrush summer diet (Gruar et al. 2003, 

Peach et al. 2004). The regional scale predictions did not contribute to the final model for song thrush, 

suggesting that finer, local scale predictors may be more important for predicting the presence of this 

species. This is not unexpected given that the home ranges of song thrush are relatively small (e.g. 

Peach et al. 2004). 

 

River species 

It was not possible to generate useful regional scale models for any of the river species, as the number 

of records was low. The final local scale models had relatively high AUC values for all four species (AUC 

0.67–0.87). However, AUC values may be inflated when a small number of records are used to build 

models (Wisz et al. 2008). High omission rates and/or small effects of few predictor variables indicate 

that the models do not perform well or produce useful predictions of habitat suitability. This is not 

surprising given that the models were built with low numbers of clustered records. It is also possible 

that we did not capture some of the important habitat variables relevant to these species, e.g. relating 

to the characteristics of the rivers themselves (see Section 4.2). These species may also have 

particularly specific fine-scale habitat requirements that cannot be easily mapped and modelled, such 

as variables relating to water quality or river bottom and bank substrate and vegetation. 

 

Although we were unable to make useful predictions from these models and the effects of predictor 

variables were small, some of the habitat associations make biological sense. Dipper and water vole 

were found to avoid coniferous woodland, which may increase stream acidification and pollution (e.g. 

Vickery 1991) and increase the risk of predation. Grey wagtail was found to prefer rivers with southerly 

and westerly aspects, which may be warmer and more suitable for nesting and foraging. Kingfisher 

was found to prefer small amounts of broadleaved woodland within 100 m, which may provide cover 

and riverside perches. These habitat associations may become clearer as more species records are 

added to the models.  

 

4.2 Recommendations for further work 

Habitat suitability models were generated from one of three seasons of planned survey work and 

should be considered a work in progress. We make suggestions for further model development below.  

 

Additional species records 

Adding more species records is likely to improve the predictive performance of all models. Although 

some species already have a relatively high number of records (e.g. curlew), they are inevitably 

clustered along transect routes rather than distributed across the entire study area, which can limit 

model performance. We advise collecting data along transect routes in new areas across the AONB in 

subsequent years to increase survey coverage. 
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Additional habitat data 

Adding more detailed and/or more relevant habitat data may improve the predictive performance of 

models for some species. We suggest the following: 

 

• National Vegetation Classification (NVC) data – The Wild Watch project has commissioned the 

production of NVC data for Nidderdale AONB from satellite imagery. Detailed vegetation data are 

likely to provide useful predictor variables and improve model performance for all species. This 

data will be incorporated in the models as soon as it is available. 

 

• Public Rights of Way (PRoW) data – The density of (or the distance to) public footpaths may be 

useful predictor variables, particularly for species that are susceptible to human disturbance, 

such as wading birds (e.g. Bradter et al. 2010). A full dataset for the entire AONB could not be 

obtained prior to modelling but should be included in future models if available. 

 

• Crop data – New crop data (Crop Map of England) has recently become available under an open 

licence. The cover of different crop types may be a useful predictor variable for some species and 

could be added to future models. 

 

• River data – For river species, it may be necessary to include habitat variables relating to the 

characteristics of the rivers themselves, such as river width and gradient. It was not possible to 

create these variables from the datasets currently available to us. Datasets such as the 

Environment Agency Detailed River Network or Ordnance Survey Water Network may provide 

some useful information, but there would be additional costs to obtain the data as they are not 

freely available. This would need to be investigated further to determine whether the costs are 

affordable and whether obtaining the datasets would be worthwhile (see below). 

 

Suitability of species for further model development 

It is also necessary to consider which species are suitable for further model development. For some 

species, it may not be possible to produce useful and reliable habitat suitability models, and there is a 

certain amount of trial and error involved in finding the species best suited to modelling. Species for 

which models did not perform well (e.g. oystercatcher) or species that have particularly fine-scale 

habitat preferences that cannot be easily captured (e.g. some of the river species) may not be worth 

continuing with. It may be more productive to trial models for new species for which we now have 

sufficient records. This will be decided in discussion with Nidderdale AONB and The Wild Watch project 

steering group once records from the 2018 surveys have been collated. 
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Appendix A: Bias files and pseudoabsences 
 

 

 

A) Regional scale bias file and pseudoabsences (1,000 m resolution) 
 

 

 

B) Local scale bias file and pseudoabsences (50 m resolution) 
 

 

Figure A1. Bias files and pseudoabsences used for modelling wading and farmland birds in regional and local 
scale models. Left: raster images of the sampling bias files generated from a 500 m buffer around the ‘general’ 
transect routes. The scale shows the number of times each area was surveyed. Right: pseudoabsence points 
generated from the bias files (n = 10,000). NB: Some points overlap. Grey background = study area. 
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A) Regional scale bias file and pseudoabsences (1,000 m resolution) 
 

 

 

 

B) Local scale bias file and pseudoabsences (50 m resolution) 

 

 

 
Figure B1. Bias files and pseudoabsences used for modelling the river species in regional and local scale 
models. Left: raster images of the sampling bias files generated from a 100 m buffer around the river transect 
routes. The scale shows the number of times each area was surveyed. Right: pseudoabsence points generated 
from the bias files (n = 10,000). NB: Some points overlap. Grey background = study area (NB: This is restricted to 
150 m around waterways at the local scale). 
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Appendix B: Map of habitat data 
 

 

 
Figure B1. Map showing environmental data across Nidderdale AONB. An overview of some of the 
environmental data used for habitat suitability modelling. Terrain is shown with hill shading. LCM2015 © and 
database right NERC (CEH) 2017. All rights reserved. Contains Ordnance Survey data © Crown copyright and 
database right 2007 & 2018. Contains Forestry Commission information licensed under the Open Government 
License v3.0 
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Appendix C: Details and source of environmental data 

 
Table C1. Information on the 28 environmental variables used for habitat suitability modelling. See Appendix 
D for definitions of soil types and soil wetness classes 

Variable Description Data source 

Aspect Non-scalar, categorical variable  
(N, NE, E, SE, S, SW, W, NW)  

OS Terrain 50 
Ordnance Survey 

Mean altitude (m above sea 
level) 

Mean altitude at multiple scales OS Terrain 50 
Ordnance Survey 

Mean slope (°) Mean slope at multiple scales OS Terrain 50 
Ordnance Survey 

Mean topographic wetness Mean topographic wetness at multiple 
scales 

Topographic Wetness Index 
Forest Research 

Soil type Non-scalar, categorical variable. One of nine 
soil types 

NatMap Soilscapes 
Cranfield University 

Soil wetness Non-scalar, categorical variable. One of five 
soil wetness classes 

NatMap Wetness 
Cranfield University 

Cover of arable (%) Percentage cover of the broad habitat 
‘Arable and Horticulture’ at multiple scales 

Land Cover Map 2015 
Centre for Ecology & 
Hydrology 

Cover of bog and heath (%) Percentage cover of the broad habitats 
‘Dwarf Shrub Heath’ and ‘Bog’ at multiple 
scales 

Land Cover Map 2015 
Centre for Ecology & 
Hydrology 

Cover of improved grassland 
(%) 

Percentage cover of the broad habitat 
‘Improved Grassland’ at multiple scales 

Land Cover Map 2015 
Centre for Ecology & 
Hydrology 

Cover of semi-natural 
grassland (%) 

Percentage cover of the aggregate class 
‘Semi-natural Grassland’ at multiple scales 

Land Cover Map 2015 
Centre for Ecology & 
Hydrology 

Cover of woodland (%) Percentage cover of woodland (all types 
combined) at multiple scales 

National Forest Inventory 
2016 Forestry Commission 

Cover of broadleaved 
woodland (%) 

Percentage cover of broadleaved woodland 
at multiple scales 

National Forest Inventory 
2016 Forestry Commission 

Cover of coniferous 
woodland (%) 

Percentage cover of coniferous woodland at 
multiple scales 

National Forest Inventory 
2016 Forestry Commission 

Cover of mixed woodland 
(%) 

Percentage cover of mixed woodland at 
multiple scales 

National Forest Inventory 
2016 Forestry Commission 

Cover of inland water (%) Percentage cover of inland water at 
multiple scales 

OS MasterMap Topography 
Ordnance Survey 

Cover of gardens (%) Percentage cover of gardens at multiple 
scales 

OS MasterMap Topography 
Ordnance Survey 

Density of roads (km/km2) Length of field boundary per unit area at 
multiple scales 

OS Open Map Local 
Ordnance Survey 

Density of buildings (per ha) Density of building centroids at multiple 
scales 

OS MasterMap Topography 
Ordnance Survey 

Density of roads (km/km2) Density of roads at multiple scales OS Open Map Local 
Ordnance Survey 

Contd. on next page 
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Table C1 contd. 

Variable Description Data source 

Density of woodland edge 
(km/km2) 

Density of woodland edge at multiple scales National Forest Inventory 
2016 Forestry Commission 

Density of watercourses 
(km/km2) 

Density of watercourses at multiple scales OS MasterMap Topography 
Ordnance Survey 

Density of trees (per ha) Density of tree centroids at multiple scales 
(trees >3 m in height) 

National Tree Map 
Bluesky 

Density of hedges and 
treelines (km/km2) 

Density of hedges and treelines at multiple 
scales 

Woody Linear Features 
Framework, Centre for 
Ecology & Hydrology 
(Scholefield et al. 2016) 

Maximum woodland patch 
(km2) 

Size of the largest woodland patch at 
multiple scales 

National Forest Inventory 
2016 Forestry Commission 

Distance to arable (m) Euclidean distance to the nearest arable 
field 

Land Cover Map 2015 
Centre for Ecology & 
Hydrology 

Distance to improved 
grassland (m) 

Euclidean distance to the nearest improved 
grassland 

Land Cover Map 2015 
Centre for Ecology & 
Hydrology 

Distance to semi-natural 
grassland (m) 

Euclidean distance to the nearest semi-
natural grassland 

Land Cover Map 2015 
Centre for Ecology & 
Hydrology 

Distance to inland water (m) Euclidean distance to the nearest inland 
water source 

OS MasterMap Topography 
Ordnance Survey 

Distance to woodland edge 
(m) 

Euclidean distance to the nearest woodland 
edge 

National Forest Inventory 
2016 Forestry Commission 

 

Scholefield, P.A., Morton, R.D., Rowland, C.S., Henrys, P.A., Howard, D.C. & Norton, L.R. (2016) Woody linear features 

framework, Great Britain v.1.0. NERC Environmental Information Data Centre. https://doi.org/10.5285/d7da6cb9-104b-

4dbc-b709-c1f7ba94fb16 

 

Licensing information: 

 
All datasets used for this project were provided either under licence through Nidderdale 

AONB/Harrogate Borough Council or were downloaded free of charge under the Open Government 

Licence (www.nationalarchives.gov.uk/doc/open-government-licence/version/3/). It is the 

responsibility of Nidderdale AONB to ensure that the data (or derived data) used in or created by 

this project are acknowledged appropriately and are used in such a way that meets the relevant 

licence conditions. 
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Appendix D: Soil type and wetness definitions 
 

Table D1. Soil types included in the ‘Soil type’ variable. Source: NatMap Soilscapes (Cranfield University) 

Raster 

value 

Soil type Associated habitat type 

6 Freely draining slightly acid loamy soils Neutral and acid pastures and deciduous woodlands; 

acid communities such as bracken and gorse in uplands 

8 Slightly acid loamy and clayey soils 

with impeded drainage 

Wide range of pasture and woodland types 

12 Freely draining floodplain soils Grassland; wet carr woodlands in old river meanders 

16 Very acid loamy upland soils with a 

wet peaty surface 

Grass moor and heather moor with flush and bog 

communities in wetter parts 

17 Slowly permeable seasonally wet acid 

loamy and clayey soils 

Seasonally wet pastures and woodlands 

18 Slowly permeable seasonally wet 

slightly acid but base-rich loamy and 

clayey soils 

Seasonally wet pastures and woodlands 

19 Slowly permeable wet very acid upland 

soils with a peaty surface 

Grass moor and heather moor with flush and bog 

communities in wetter parts 

25 Blanket bog peat soils Wet heather moor with flush and bog communities 

28 Water Rivers and lakes 

 

 

 

Table D2. Soil wetness classes included in the ‘Soil wetness’ variable. Descriptions as given by Cranfield 
University for the NatMap Wetness dataset, with the exception of value 7 which was created to account for NA 
values 

Raster 
value 

Dominant soil 
wetness class 

Description 

1 I 
The soil profile is not wet within 70cm depth for more than 30 days in 
most years 

3 III 
The soil profile is wet within 70cm depths for 90-180 days in most 
years 

4 IV 
The soil profile is wet within 70cm depths for more than 180 days, but 
not wet within 40cm for more than 180 days in most years 

5 V 
The soil profile is wet within 40cm depths for more than 180 days and 
is usually wet within 70cm for more than 335 days in most years 

6 VI 
The soil profile is wet within 40cm depths for more than 335 days in 
most years 

7 NA 
Classification of soil wetness not applicable – water bodies e.g. rivers 
and lakes 
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Curlew Lapwing 

Oystercatcher Snipe 

Skylark 

Appendix E: Regional scale predictions  
 

        

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure E1. Regional scale model predictions. Predictions are shown as continuous logistic habitat suitability 
indices (HSI), ranging from 0 (highly unsuitable habitat) to 1 (highly suitable habitat). Predictions have been 
projected to a 50 m resolution for inclusion in final local scale models. 


