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Abstract

:

Herring gulls (Larus argentatus) are declining globally, but there are populations who are taking advantage of the new foraging and nesting opportunities afforded to them by urban landscapes. Nest-site selection (NSS) in urban environs is understudied, despite its critical role in supporting planning policy, biodiversity conservation and the management of human–wildlife conflict. The aim of this study was to assess the contribution of anthropogenic habitat features to NSS in urban populations of L. argentatus at different hierarchical levels in Fingal County, Ireland. We used generalised linear models with a logit function to investigate the relationship among nest sites, building features, street furniture (i.e., streetlights and refuse bins), landscape features, and presence of conspecifics at three different hierarchical levels, including the county, town, and colony levels. L. argentatus preferentially chose buildings that were closer to streetlights and food sources at the colony level, while avoiding streetlights when considered in isolation. Conspecific attraction at the county and colony levels indicated that individuals avoided neighbouring nest sites, yet this relationship was inverted at the town level, suggesting preference. Moreover, 75% of nests were within 30 m of each other (the average road width in the study area) when measured at the county level. Various relationships with different food sources were identified, suggesting within-population variation among preferences for nest sites. There appears to be a substantial population variation among preferences for nest sites, which does appear to be driven by the cross-scale decisions involved in nest-site selection.
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1. Introduction


The world’s coastlines are urbanising rapidly, with an estimated one billion people expected to live within the lower-elevation coastal zone by 2060 [1]. As a result, natural coastal habitats and the species they support are increasingly under threat from urban expansion [2,3,4]. Coastal urban areas represent a mosaic of new habitats, and despite the pressures of urbanisation on numerous species, there are innovative populations of seabirds that are modifying their foraging and nesting behaviour to take advantage of these novel ecological niches [5,6,7]. Nest-site selection (NSS) is a subset of habitat selection that operates at fine spatial scales [8], allowing researchers and practitioners the opportunity to explore the landscape factors associated with where birds choose to nest. However, understanding species–habitat relationships in urban environments represents a unique yet understudied area of NSS research that is critical for planning policy, biodiversity conservation, and management of human–wildlife conflict [9,10].



Natural dwelling populations of herring gulls (Larus argentatus) are declining both globally [11] and locally [12]; however, they have been one of the most abundant urban nesting gulls in several countries [13]. For example, in Britain and Ireland, there have been over 11,047 pairs recorded nesting on buildings and other artificial structures since surveys began in 1969 [13,14]. Despite local urban successes, the habituation of roof-top nesting by L. argentatus has led to human–wildlife conflict. Given the red-listed conservation status of L. argentatus in several countries, it is crucial to understand the factors associated with NSS, in order to manage human–wildlife conflicts more effectively and support Sustainable Development Goals (SDGs) related to ecosystem health, such as SDG14 and SDG15 [15,16,17].



Studies have long investigated NSS in L. argentatus in the natural environment [18], with previous research addressing the landscape factors associated with NSS as the individual and combined effects of five main factors; the presence and behaviour of conspecifics, the availability of food, risk of predation, the availability of suitable nest substrate for raising offspring and the presence of a suitable ambient climate [19]. However, urban biotopes differ in many ways from natural biotopes [20] and in a recent review of avian NSS, Reynolds et al. [21] emphasised that assessments about where urban birds nest and the documentation of site availability in cities has been rather neglected as a research focus. Subsequently, there persists a need to investigate the availability and selection of artificial structures as nesting sites by L. argentatus [17], and whether equivalent urban landscape variables are important to urban NSS. Possible landscape features will be discussed in the context of urban NSS. Here, we omit ambient climate from discussion, as the factors we are interested in operate at a finer spatial resolution than climate which is often overarching in its effect of species distributions and habitat selection [22], although we do acknowledge that urban areas are warmer than natural sites, and thus breeding birds are less thermally challenged during incubation [23].



1.1. Presence of Conspecifics


Gulls are naturally semi-colonial nesters and studies suggest conspecific (individuals of the same species) presence may inadvertently provide social information to prospecting individuals regarding nest-site suitability [24,25]. For example, in a study attempting to characterise habitat preferences for 500 pairs of glaucous-winged gulls (Larus glaucescens) nesting on roofs along the Vancouver waterfront in Canada, Vermeer et al. [26] used a five-way contingency table to test the importance of building features (i.e., peaked or flat roofs, and length of structures), distance to water (i.e., near or far) and sociability (i.e., social index). They found that L. glaucescens nested significantly more frequently on roofs that were both close to the water and near other roofs with nesting gulls. The influence of conspecific attraction on NSS has been investigated in other coastal bird species, including Arctic-breeding shorebirds [27]. Considering the influence of social factors on NSS and the fact that L. argentatus are naturally semi-colonial nesters, NSS may occur near buildings already occupied by gulls.




1.2. Availabiltiy of Food


In addition to providing birds with nesting sites, urban environments also often provide a variety of food resources of human origin [16,28]. Diet analysis of Australian silver gulls (Larus novaehollandiae) revealed that 85% of stomach contents contained exclusively human refuse [29]. To understand this relationship, it is therefore necessary to determine how species use their environment concerning these food resources [28]. For example, Yoda et al. [7] found that nesting black-tailed gulls (Larus crassirostris) required shorter foraging trips (in terms of range and distance travelled) when exploiting urban feeding grounds in comparison with natural oceanic resources. Furthermore, research has shown that urban dwelling species, including house crows (Corvus splendens) and black kites (Milvus migrans) preferentially selected nest-sites nearer refuse bins and food centres or in areas under poor waste management regimes, respectively [30,31,32]. Considering the influence of human trash/waste as a food source is potentially advantageous to urban gulls in NSS.




1.3. Risk of Predation


In urban environments, ecological corridors provide safe foraging and resting opportunities for birds [33]. For example, the occurrence of urban black-headed gulls (Chroicocephalus ridibundus) was found to be positively related to the presence of watercourses and water reservoirs [33]. Studies have also shown that lesser black-backed gulls (Larus fuscus) can exist and breed successfully on a totally terrestrial based diet of earthworms from pastures [34], suggesting that open green spaces may also represent safe spaces and food sources for urban gulls. Recent research has shown that species richness and abundance of urban birds increases when there are connected green and blue spaces interspersed throughout the built-up areas [35]. Predation by great black-backed gulls (Larus marinus) and cannibalism has been known to reduce the productivity of L. argentatus colonies in natural environments [36]. A common feature represented throughout L. argentatus nest-sites on salt marsh islands in New Jersey was the trade-off between the need for concealment and the need for individuals to maintain some view of the surroundings of the nest [18]. NSS studies have found the influence of nest height and exposure as important variables for several other bird species [37,38,39]. Moreover, darkness is a rare occurrence in urban areas due to the presence of artificial light sources including streetlights. Studies have found diurnal feeding birds such as house sparrows (Passer domesticus) have shifted their feeding patterns and have been found to feed and nest by artificial light in urban environs [40,41,42]. As well as predation risk, there is also a mortality risk from proximity to heavy road traffic also found in urban areas [43]. It is unknown how L. argentatus responds to predation risk in urban environments, meaning there persists a need to investigate how artificial light and green spaces influence NSS.




1.4. Nest-Site Substrate


Nest sites require protection from extreme weather conditions [44]. For example, Kim and Monaghan [45] found that L. fuscus that nested adjacent to tall vegetation (and were subsequently sheltered from cold winds) raised chicks that grew faster than those on more exposed nests. In Britain, Monaghan [46] observed L. argentatus nesting amongst a variety of building structures sites and categorised these parameters into chimney stacks, sloping roofs, flat roofs and ledges. In Ireland, Roughan and O’Donovan [47] noted that nesting L. argentatus favoured flat roofs or built their nests against chimney stacks, walls, pipes and ventilation vents on shallow angle roofs. Building structure parameters such as nest height (i.e., roof height) and roof slope (i.e., roof type) are subsequently important habitat variables that contribute towards urban NSS of L. argentatus.




1.5. Research Questions


Several mechanisms have thus been invoked to explain NSS in a range of urban bird species, yet to date these have not reconciled the debate surrounding favourable conditions for NSS in urban L. argentatus. Moreover, given the conservation status and conflict narrative affiliated with L. argentatus, determining nest-site characteristics in urban dwelling populations may have important implications for developing effective habitat conservation and management strategies [8]. Moreover, habitat selection is a hierarchical process involving a series of innate and learned behavioural decisions made by an animal regarding habitat use at different scales of the environment [48,49]. Birds with a wide distribution, such as most seabirds, select their breeding habitats at several different levels, for example the colony itself, sub-area within a colony and then nest site [45]. Subsequently there remains a need to investigate the habitat features associated with NSS in urban settings across different hierarchical levels.



Here, we focus on the contribution of anthropogenic habitat features to NSS in urban populations of L. argentatus at different hierarchical levels in Fingal County, Ireland. We demonstrate that NSS is multifaceted and dependent on higher-order interactions and hierarchical scales. We highlight the importance of certain landscape features, including streetlights, food sources, and conspecific attraction at the county, town and colony levels. We acknowledge here that colony itself is a scale-dependent term, meaning colony could be used to describe the groupings at town, block, or street levels, but for our purposes, we use it to describe within-town clustering of nest sites, predominately at the block level. We discuss how there is now a need to incorporate social and behavioural factors to reflect the hierarchical nature of habitat selection and effectively support conservation efforts.





2. Materials and Methods


2.1. Study Area


Herring gulls have been recorded extensively in three seaside towns in Fingal County, Ireland, north of Dublin (Figure 1). Howth, Skerries, and Balbriggan developed around natural harbours, and fishing and marine tourism have remained important industries to these towns. Skerries and Howth have been among Fingal’s longstanding major coastal residential towns, while Balbriggan has doubled in population during the last 20 years. With their coastline and countryside, these areas have rich biodiversity and there are several Special Areas of Conservation (SACs) and Special Protection Areas (SPAs) located around these urban centres. It is currently illegal to remove nests in Howth and Skerries, but a derogation is in place for this to be undertaken in Balbriggan under the National Wildlife Act. The Supplementary Material contains the lead author’s observations from walking surveys, which should provide further contextual information on the study areas.




2.2. Data Collection


A total of 260 buildings (Howth; 124, Balbriggan; 82 and Skerries: 54) used for nesting on by L. argentatus were obtained from the Roughan and O’Donovan (2018) roof nesting report. These locations were digitised by converting their geographic coordinates in Google Earth Pro (V 7.3.2.5776) and then corresponded to associated PRIME II building polygons (Ordinance Survey Ireland). The spatial distribution of utilised buildings in Balbriggan and Skerries was suggestive of three distinct colonies, while the spatial distribution of nested buildings in Howth was less expansive and appeared to be localised. This resulted in a total of 2109 buildings in the study area (699 in Howth, 840 in Balbriggan, and 570 in Skerries) where we had binary data representing nested or not nested.



We used the ESRI Collector for ArcGIS app on a Samsung Galaxy J3 android smartphone to document the presence and location of street furniture (i.e., streetlights and refuse bins), and inhibitors (i.e., barbed wire, metal spikes, and metal casings) in 2019. Building properties, including building height (number of floors) and roof type (gable, hip, flat and mansard) were recorded using street view imagery accessed through the Google Earth Pro (V 7.3.2.5776) platform. Distance to street furniture (i.e., streetlights and refuse bins), coastline, harbour, and open green spaces (>5000 m2—the equivalent size of a football pitch) were calculated for each building.




2.3. Data Analysis


Generalised linear models (GLMs) with a binomial distribution and logit link were used to explore the landscape features responsible for nest-site selection in L. argentatus at the county, town, and colony levels. GLMs with standardised coefficients were run in R 4.0.5 [50]. Final models were selected based on Akaike Information Criterion (AIC) using both forwards and backwards stepwise selection of models using the MASS package [51] and presented using the jtools package [52]. Third- and fourth-order interactions were investigated, but these did not improve final models. Therefore, final models include only main effects and second-order interactions. Due to a lack of variation in the building structures at the town and colony levels, height was removed from statistical models to allow for model convergence. Data and code are provided in the Supplementary Material. To ensure that model results were presented to allow robust interpretation, all models that scored an AIC value within Δi of less than 2 were explored and presented in the Supplementary Material.





3. Results


The spatial distribution of nested buildings in Balbriggan and Skerries was suggestive of three distinct colonies (Figure 2a,b), while the spatial distribution of nested buildings in Howth was less expansive (less < 0.5 km) and appeared to be localised (Figure 2c).



Our results indicated several important drivers of NSS at the county, town and colony levels. Multiple variables were returned in the final model selected by AIC when NSS was studied at the county level (Table 1), with NSS appearing to significantly favour buildings in a closer proximity to streetlights and harbours, a preference for hip roof structures over gable, while nesting further away from refuse bins, the coastline, and conspecifics. Several interactions at the county level were returned (Table 1), including several with distance to conspecifics (neighbours) and roof type, suggesting that NSS is multifaceted and dependent on higher-order interactions.



In general, the stepAIC process generated between 9 and 15 candidate models for all hierarchical scales, with the exception of colony 2 at Skerries which reported 27 candidate models. Alternative candidate models that had a Δi of less than 2 when AIC was considered are reported in the Supplementary Material. Across all scales, there were seldom more than three possible candidate models, with coefficient relationships largely similar. Additional variables that were added to models consisted of interactions, supporting our assertion that NSS is multifaceted and dependent on higher-order interactions. Moreover, there were only six instances where a coefficient inverted its relationship with habitat selection, out of a possible 164. Most inversions were identified in Skerries and mostly due to overfitting that occurred in that colony due lack of variability in specific urban landscape features (i.e., roof types).



At the town level, the species–habitat relationship did not remain consistent across all three towns (Figure 3, Table 1). NSS appeared to significantly favour proximity to refuse bins in Balbriggan while avoiding locations closer to such infrastructure in Howth and Skerries. Significant interactions between proximity to bins, the harbour, and the coastline were found in all towns, suggesting birds preferentially selected locations that were closer to multiple potential food sources. Proximity to streetlights was not significant as a main effect, although there were several significant interactions between streetlights and roof type, as well as proximity to bins, the harbour, and coastline, suggesting that NSS nearer food sources may be associated with streetlights. There was a preference for NSS closer to neighbours in Howth and Balbriggan, while avoidance in Skerries, although most interactions with distance to neighbour, which were primarily food sources, suggested avoidance.



The drivers of NSS were highly variable among colonies (Table 1). In Balbriggan, all three colonies appeared to favour proximity to the harbour, but proximity to other locations such as greenspaces, coastline, and bins varied among colonies. Proximity to streetlights, the coastline, and greenspaces were more routinely reported as significant variables in the model outputs, suggesting these variables play an important role in NSS at the finest scale of habitat selection. Significant negative coefficients for interactions with streetlights and food sources suggest that birds are preferentially choosing such locations. Again, presence of conspecifics and proximity to food sources resulted in positive coefficients, suggesting avoidance of both features for most colonies.




4. Discussion


The primary aims of this research were to assess the contribution of anthropogenic habitat features to NSS in rooftop nesting populations of L. argentatus in county Fingal, Ireland investigating the hierarchical impact of NSS. In total, 260 nests were identified out of 2109 buildings across the three towns in 2018. By comparing anthropogenic habitat features identified at presence and absence sites at multiple levels of analysis, several variables were deemed to be important drivers of NSS, with different interactions occurring at all levels of analysis (Table 1; Figure 3; Supplementary Material), suggesting that NSS is multifaceted and dependent on higher-order interactions.



The significant associations between streetlights, food sources and nest presence have provided evidence to support the suggestion that artificial light may play an important role in L. argentatus NSS (Table 1). L. argentatus preferentially chose buildings that were closer to streetlights at the county level, with several significant negative interactions among proximity to streetlights and food sources at the colony level, suggesting preferential selection. L. argentatus are diurnal in nature and naturally forage during daylight; however, artificial light at night may extend foraging opportunities for the urban populations [53]. Moreover, studies have shown that artificial structures (e.g., poles and pylons) act as perches and have become an important habitat feature for various bird species including corvids and raptors [54]. Birds make use of these artificial perches to hunt prey, rest between movements in the landscape, monitor territories and watch reproductive sites [55]. Subsequently, proximity to streetlights may provide L. argentatus the opportunity for parental vigilance to protect their offspring, corroborating research from natural environments [56]. The average streetlight is approximately the same height as a two-storey building and the lamp cover provides a level platform on which L. argentatus parents can perch, monitor the activity of their young and survey the nest-site area for predators. To develop a deeper understanding of the relationship between artificial light and NSS will require further observational studies at nest sites to assess activity levels of urban L. argentatus at night.



Different relationships with potential food sources were reported across hierarchical scales. For example, at the county level, distance to street bins exhibited a positive relationship with NSS, suggesting avoidance (Table 1; Figure 3). NSS in Balbriggan identified proximity to bins as a negative coefficient, although in Skerries and Howth nests were located further away from bins than unnested buildings (Table 1; Figure 3). Similar inversions in the NSS–environment relationships for distance to harbour, coastline, and greenspaces (all potential sources of food) were also observed, suggesting a large variation among NSS preferences related to food availability. L. argentatus forage on resources locally most available; therefore, spatial variation observed among colonies may arise due to the colonies having different local foraging opportunities [57]. Moreover, foraging distances of L. argentatus are scale dependent, with Van Donk et al. [58] identifying these differences in the order of less than 10 km at fine scales to hundreds of kilometres at macroscales, with recent foraging records observing movements generally within 40–60 km from nest sites [53,59]. Therefore, the variations observed within our results regarding the selection or avoidance of nest sites in relation to possible food sources may be compounded by further hierarchical scales operating within foraging processes. Similarly, recent research has identified that human handling of food may serve as a cue for L. argentatus [60], which could suggest that selection of foraging sites may be multifaceted in urban environs and would support the significant interactions found between distance to streetlights and potential food sources. Nonetheless, several significant interactions were observed between such parameters, suggesting future research is needed to parse out the fine-scale behavioural decisions within local populations of L. argentatus.



While urban gull’s habitat preferences differed from absence sites with respect to roof type, the preferred type was not the same in every town (Table 1; Figure 3). The nesting population in Balbriggan and Skerries appeared to prefer gable-style roofs, while nesting gulls preferentially selected both gable- and hip-style roofs in Howth, which suggests that while roof type may explain nest presence within towns, it may not be a transferable feature between towns. However, gable and hip are relatively coarse categories, and when studied at the colony level, little variation among types was present, meaning in some instances models may be over fitted. Therefore, to unravel the relationship between roof type and NSS, a more detailed assessment is needed that includes quantitative measurements of slope, roofing material, level of biodiversity on the roof (lichens), and degree of shelter and orientation [61].



At the county level, over three-quarters of the nest sites were located 30 m or less apart and tended to be positioned either on a roof next to a neighbour or across the street from a neighbour (Figure 4). In our study area, 30 m represents the average width of a road, and therefore considering the focal adjacency of a possible neighbour in all directions. However, conspecific attraction was positive at the county and colony levels, indicating that individuals favoured sites that did not have immediate neighbours, yet this relationship was negative in Howth and Balbriggan, suggesting preference (Table 1; Figure 3). The apparent dispersion at different hierarchical scales may indicate a new phenomenon of urban gulls in avoiding conspecifics, although alternatively (and perhaps more likely) it is due to human interference through the application of inhibitor structures, which may be forcing the nesting pairs further apart. During walking surveys of the area in 2019, we noted instances of repeat nesting on buildings that had inhibitors, albeit in low numbers. We decided against a direct inclusion of inhibitors in model parameterisation, due to the fact we were unsure whether inhibitor structures were present during the previous year of drone surveys; however, we posit a possible trend between inhibitors and nest dispersal.



Studies have shown that repeat nesting can lead to local knowledge of an area and have important implications for individual fitness through increased survival or reproduction [62]. Therefore, NSS at repeat nesting sites warrants further research, detailing the specific habitat features and monitoring the degree of reproductive success through the nesting season. However, roof nesting is often perceived as a serious nuisance in county Fingal (and beyond) and the opportunity for repeat nesting is dependent on the property owner. A more effective approach to studying repeat nesting in the future may involve building relationships with property owners that are indifferent or feel positively towards the gulls and are less likely to apply inhibitors. This is particularly pertinent given that recent research has identified that some urban Larus spp. use their nesting site all year around to support foraging during winter months [63]. Moreover, it has been identified that the relocation of nest sites in urban L. fuscus results in a reduced reproductive success, suggesting a strong philopatry of the species [64]. Collaborating with locals in this way may stimulate interest in their local wildlife and potentially provide an uninterrupted time series of repeat nesting data, with recent research identifying that developing empathy with a species or an individual animal increases the ethical duty of care, which subsequently supports biodiversity conservation in the long term [65].




5. Conclusions


Our results highlight the continued importance of physical factors in determining NSS for L. argentatus, but also highlight the need to incorporate social and behavioural factors into further studies. With the global decline of L. argentatus and the fact that NSS in urban environs is understudied, it is of critical importance that future research is directed towards understanding the hierarchical nature of habitat selection. We suggest that NSS is multifaceted and dependent on higher-order interactions, with gulls preferentially choosing buildings that were closer to streetlights and food sources at the colony level, while avoiding streetlights when considered in isolation. Conspecific attraction was positive at the county and colony levels, indicating that individuals avoided neighbouring nest sites, yet this relationship was negative at the town level, suggesting preference. There appears to be a substantial population variation among preferences for nest sites, which does appear to be driven by the multi-scale decisions involved in nest-site selection.
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Figure 1. The study area in Final County, Ireland, with the towns Balbriggan, Skerries, and Howth situated along the east coast of Ireland. 
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Figure 2. Heat maps of nested sites in (a) Balbriggan, (b) Skerries, and (c) Howth. 
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Figure 3. Coefficient plot of the county- and town-level models. 
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Figure 4. At the county level, the proportion of nests in 2018 located within a distance range from a neighbouring conspecific nest. 
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Table 1. Regression outputs for the main effects and second-order interactions at the county, town, and colony levels. ** significant at α < 0.01; * significant at α < 0.05.
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	County
	Howth
	Balbriggan
	Skerries
	Bal 1
	Bal 2
	Bal 3
	Ske 1
	Ske 2
	Ske 3





	(Intercept)
	−2.69 **
	−1.95 **
	−2.20 **
	−1.37
	140.89 **
	−35.89 **
	−9.27 **
	193.80 **
	599.17
	−28,730.00



	Roof
	1.49 **
	1.49 **
	−9.67 *
	−0.09
	−55.15
	3.99 **
	
	−574.53 **
	
	28,740.00



	Neighbour
	0.53 **
	−1.46 **
	−0.01
	1.47 **
	−99.43 **
	0.95 **
	4.69
	1.54 *
	361.26
	1.07 *



	Bin
	0.31 **
	7.07 **
	−1.21 *
	2.18 **
	−49.88 **
	−7.18 *
	28.58 **
	166.52 **
	
	−25,080.00



	Streetlight
	−0.17 **
	0.19
	−0.14
	0.46
	55.65 **
	−17.28 **
	−0.39
	1.54 *
	
	2472.00



	Harbour
	−1.39 **
	−0.52
	2.10 *
	−0.84
	−141.49 **
	−39.25 **
	−50.28 **
	−560.12 **
	
	−5.46



	Coastline
	0.36
	0.65
	−2.96 **
	0.01
	−80.10 **
	32.77 **
	36.70 **
	193.96 **
	
	3.43



	Greenspace
	0.01 **
	0.00
	0.00
	−0.03 **
	2.03 **
	0.22 *
	−0.20 **
	−2.78 **
	−38.69
	−0.18 **



	Roof*Bin
	−0.51 *
	
	−3.78 **
	
	
	
	
	−536.19 **
	
	25,080.00



	Roof*Harbour
	0.88 **
	
	−14.28 **
	
	−165.90
	
	
	1665.78 **
	
	



	Roof*Greenspace
	−0.01 **
	−0.01 **
	−0.04 **
	
	
	−0.05 **
	
	
	
	



	Roof*Neighbour
	
	2.57 **
	2.01 **
	
	
	
	
	9.04 **
	
	



	Roof*Streetlight
	
	−1.23 **
	
	
	
	0.94 *
	
	6.89 **
	
	−2479.00



	Roof*Coastline
	
	2.15 **
	11.97 **
	−2.88 **
	112.93
	
	
	−430.79 **
	
	



	Neighbour*Bin
	0.38 **
	
	0.77 **
	0.58 **
	37.29 **
	
	10.05 *
	
	
	



	Neighbour*Harbour
	0.51 **
	
	
	−0.39*
	
	
	
	19.66 **
	
	



	Neighbour*Coastline
	−0.23 **
	
	0.53 **
	
	55.70 **
	
	14.36 *
	
	
	



	Neighbour*Greenspace
	−0.01 **
	
	
	
	−0.11 **
	
	−0.09 **
	−0.11 **
	
	



	Neighbour*Streetlight
	
	
	
	0.40
	4.66 *
	
	−2.70 **
	7.75 **
	
	



	Bin*Harbour
	−0.31
	6.89
	−0.98 **
	−3.47 **
	
	
	
	
	
	



	Bin*Coastline
	−0.68 **
	−6.81 **
	
	
	12.30 **
	
	
	
	
	



	Bin*Streetlight
	
	
	−0.22 *
	
	−32.45 **
	
	−5.04 **
	
	
	−7.24 **



	Bin*Greenspace
	
	
	0.02 **
	0.02 **
	−0.57 **
	0.07 *
	0.08
	−2.42 **
	
	-0.06



	Streetlight*Harbour
	−0.32 **
	
	
	−0.96 **
	−50.99 **
	−19.71 **
	
	
	
	



	Streetlight*Coastline
	
	
	−0.40 **
	
	
	12.63 **
	−6.33 **
	
	
	−8.14 **



	Streetlight*Greenspace
	
	
	
	
	
	0.02 *
	0.04 **
	
	
	−0.02 *



	Harbour*Coastline
	−0.20 **
	1.67 **
	
	2.20 *
	59.45 **
	
	
	
	
	



	Harbour*Greenspace
	0.00 **
	
	−0.04 **
	0.02 **
	
	0.24 *
	0.34 **
	8.17 **
	
	0.06



	Coastline*Greenspace
	0.00 *
	
	0.03 **
	
	−0.82 **
	−0.21 *
	
	−2.76 **
	
	−0.08 *
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