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Abstract

:

Understanding how environmental changes driven by urbanization impact the biodiversity in urban riparian areas has great importance for landscape planning and river ecosystem conservation. There have been many studies on the response of bird communities to different environmental variables in urban parks; however, although supporting some of the highest bird diversities, case studies in urban riparian areas remain limited. In existing research, few studies have considered the impact of both local waterfront characteristics and surrounding environmental variables at a larger scale. In this study, we selected birds as the indicator to clarify their response to both local- and landscape-scale environmental variables in riparian areas of Tsing river, Beijing, in terms of (a) vegetation composition, (b) human disturbance, (c) land cover, and (d) landscape connectivity. We hypothesized that birds with different biological characteristics may respond differently to environmental variables. Birds were then further grouped according to the habitat type, residential type, and feeding type. It turned out that the coverage of grass and the disturbance of pedestrians are the most influential variables. Besides, compared with the land cover and landscape connectivity, the total contribution of vegetation characteristics and human disturbance accounts for the main proportion of explained variance. Information pertaining to these environmental variables can provide evidence to support bird conservation efforts in urban areas, and the identified distance threshold provides a basis for future landscape connectivity assessments.
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1. Introduction


Understanding the ecological mechanisms supporting biodiversity is essential for understanding ecosystem functioning [1]. Urbanization, especially regarding megacities, has been regarded as a primary cause of habitat destruction and biodiversity loss [2,3]. On the one hand, the influx of population and the deforestation of trees in the process of urban construction leads to the destruction of natural habitats. Meanwhile, land cover changes and landscape fragmentation indirectly affect biodiversity in these habitats. On the other hand, urban green spaces, which include urban parks, croplands, and water bodies, provide important habitats for wildlife [4]. Birds are often selected as indicators because their autecology is well studied, and they are relatively easy to observe and identify [5]. As highly mobile species, birds are relatively environment-sensitive, and they are particularly responsive to environmental changes at different scales [6,7,8].



Rivers play a significant role in biogeochemical cycles and in the provision of water for domestic, agricultural, recreational, navigational, and industrial purposes [9,10]. Particularly, well-managed urban riparian areas are considered to be important habitats for birds to escape human disturbance when living in urban areas, and act as transient habitats for migratory birds [11,12,13]. There is a growing number of studies regarding biodiversity in urban green spaces, most of which have focused on urban parks [14,15,16,17,18,19,20,21]. Only a few studies have looked into bird diversity in urban riparian areas, two of them have examined how rivers and their catchments impact the functional composition of urban bird communities [10,22]. Therefore, it is necessary to clarify the sustainable mechanisms to better support its ecological functions (e.g., maintaining biodiversity).



Although a number of studies have looked into the response of birds to environmental changes, most of them have focused on a particular issue in a particular habitat, or on the influence of a particular environmental variable [23,24,25,26,27]. “Local” and “landscape” are defined as simple hierarchical classifications of environmental variables [28]. Since the 1980s, many studies have been conducted on the species–habitat relationship at a local level, that is, the responses of a single or a group of species to local habitat characteristics (e.g., number, height, and crown radius of trees) [29,30], including human disturbance represented by the traffic volume [31,32,33]. In the last decade, with the development of remote sensing technology, information on land features has become easily accessible, and studies have started to focus on the species–habitat relationship at a landscape scale, (e.g., land cover and landscape connectivity) [1,33,34]. Landscape connectivity was created to quantify connections between habitats by modeling real ecological process at the landscape scale. It is based on the theory that the viability of a species depends on the ability of individuals to access one habitat from another by crossing unsuitable habitat [35], and has been widely discussed recently [36,37,38,39]. However, few studies have assessed both local- and landscape-scale variables [1,40,41].



In addition, biological characteristics of species should be included in species-specific analyses, because the influence of environmental variables on biodiversity in a certain area also depends on biological traits of the species inhabiting that area. Since specific traits of bird species, such as habitat type, may affect the response to environmental variables, a few studies used a method to avoid the bias: they clustered species into groups according to the biological trait, and then defined a virtual species for each group [10,38]. With regard to birds, there are growing numbers of studies that simulate bird migration by setting a distance threshold, and then model biodiversity in each habitat patch [41,42,43]. It is often selected as an efficient metric for modeling ecological networks and maintaining biodiversity by using focal species, although usually empirical evidence is insufficient to verify the focal species [44,45]. However, studies considering the dispersal ability of the whole bird communities are still lacking, because information about their dispersal ability based on empirical evidence is limited in existing research [41,46].



Comprehensive studies that include the biological characteristics of multiple species and environmental variables at both the local and landscape scales are lacking, which limits their utility for biodiversity conservation. Given the limitations of existing species–habitat relationship studies, this study aimed to clarify and compare the response of bird communities to both local- and landscape-scale environmental variables. We explored environmental variables from four aspects: (a) vegetation composition, (b) human disturbance, (c) land cover, and (d) landscape connectivity. We sought to:




	(1)

	
Clarify the avian biodiversity in urban riparian areas of the Tsing River.




	(2)

	
Identify the influence of environmental variables on avian biodiversity.




	(3)

	
Obtain a species-specific understanding of (2) by including biological characteristics.










2. Methods


2.1. Study Area


The Tsing River is a small urban river in the northwest of central Beijing (39°38′–41°05′ N, 115°25′–117°30′ E), China (Figure 1). It is about 23.7 km long and 100 m wide. The catchment is 375 km2 and was modeled with digital elevation model (DEM) data (resolution = 30 m) by hydrological simulation in ArcGIS. The water originates in the Western Mountains and Jade Spring Hills in the west. An important function of the Tsing River is its drainage of storm waters, but is also an important habitat for wildlife in its riparian area. The Tsing River flows along the boundary between urban and suburban areas, where the mixture of land cover has resulted from continuous urban expansion and construction over the past decade. In the upper reaches of the Tsing River, there are large green spaces and residential areas around the riparian green spaces. In the middle part, there are highly urbanized areas with residential and commercial constructions, and the riparian green spaces are maintained as urban parks to meet the recreational demand from residents. In the lower reaches, the waterfront remains relatively close to its natural condition with fewer artificial structures and lower levels of human activity and vegetation management (Figure 2).




2.2. Bird Surveys and Biodiversity Metrics


Bird surveys were conducted once a month from dawn to 10:00 and from 16:00 to dusk, between May 2016 and Apr 2017. They were carried out by professional ornithologists along 1 km randomly-allocated line transects (n = 18) [39]. Line transects (1–18) were coded from upper reach (west) to lower reach (east). Observers walked along the line transect at a speed of 1 km/h while recording birds and identified species based on a book: A field guide to the birds of China [47]. To reduce bias, birds flying over or beyond 100 m distance were not counted.



We calculated three metrics of biodiversity for each transect: (a) bird abundance (BA); (b) bird richness (BR); (c) bird diversity (BD) [48]. BA reflects the number of birds recorded along each line transect; BR reflects the number of bird species identified; and BD refers to Shannon diversity index, which reflects the evenness of species composition:


BD = −∑i = 1S(pi ln pi),



(1)




where pi is ai/∑ai, ai is the number of the ith species, and i is one through S.




2.3. Environmental Variables and Data Collection


We selected environmental variables according to existing research [14,37,48,49]. At the local scale, we estimated 8 environmental variables: (1) ground-level: coverage of grass (%); (2) shrub-level: coverage of shrub (%); (3) tree-level: number of big trees with height > 10 m or crown > 6 m; (4) vegetation richness; (5) human disturbance: pedestrians, bicycles, motorbikes/scooters, and cars. Local-scale variables were investigated from field surveys in 54 sample sites (size: 10 × 10 m), conducted between 19 and 25 September, 2018. An example section of the Tsing River is shown in Figure 3. We selected 54 sample sites (3 sample sites on each line transect) to collect the information pertaining to vegetation structure. As to human disturbance, observers recorded the number of human disturbance items passing each sample site in 5 min during rush hour. To reduce bias, we calculated the average value of the three sites along each line transect.



At the landscape scale, we selected land cover and landscape connectivity as variables: forest (F), wooded areas (WA), grasslands (G), waterbodies (WB), water courses (WC), buildings (B), roads (R), and vacant areas (VA). Land cover classification was extracted from Gaofen-2 remote sensing imagery at a resolution of 0.8 m, which were captured on 12 September, 2015, with a solar azimuth angle of 37° and an axial inclination of 94°. Since we can measure land cover and landscape connectivity at any spatial scale, it is necessary to determine the scale at which different variables more accurately reflect biodiversity. As mentioned in [50], variables are measured in different sized area, which may lead to a “scale of effect”. To test the “scale of effect”, all landscape-scale variables were measured in two spatial areas: the observation area (with a buffer of 100 m) and the surrounding area (with a buffer of 500 m). As shown in Figure 1, we roughly interpreted the land cover of the river catchment using an object-based image analysis [51,52]. To determine the height of buildings, road hierarchy, and high-density planted woodland and low-density shrub areas, we reclassified the land covers, and verified the classification results by field surveys and Baidu Street View Map (https://map.baidu.com/) (Figure 4).



Green spaces were further extracted from the land cover classification to calculate the delta of PC (dPC) of each patch using the Conefor Sensinode 2.6 software (http://www.conefor.org/). The linkage thresholds were defined by the dispersal distance of each species. To map the landscape connectivity of a patch to a line transect, we slightly modified the existing equation of dPC [53,54] and obtained the expression of landscape connectivity of a transect (dPCt) as follows:


dPCt = ∑i=1nAiAi′ dPCi,



(2)




where there are n patches overlapping with the line transect, the ith part belongs to a patch i, the area of the ith part is Ai, the area of patch i is Ai′, and the landscape connectivity of patch i is dPCi.




2.4. Preselection of Variables and Statistical Analyses


Connections between various environmental variables are complex in the ecosystem. In the field survey, we tried to collect as much environmental variables as possible. However, those variables could be highly correlated with each other. In this case, variables with a correlation coefficient larger than 0.7 were deleted from the database, according to the result of Pearson correlation analysis (IBM SPSS Version 22, IBM Corp., Armonk, NY, USA). Besides, we tested the hypothesis that birds may respond to the height of buildings and the hierarchy of roads. The result of correlation analysis failed to support our hypothesis. We thereby merged B1, B2, B3, and R1, R2, R3 into B and R, respectively. In addition, we assigned the spatial scale of landscape variables, after examining the difference when they were measured in different spatial scales. Except forest land (F), the landscape-scale variables showed a better correlation with biodiversity indices when they were measured within a buffer of 500 m. Finally, we selected 7 local-scale variables: grass (%), shrub (%), big trees, vegetation richness, pedestrians, bicycles, motorbikes/scooters; and 6 landscape-scale variables: forest land (F), grass land (G), water (W), buildings (B), roads (R), landscape connectivity. The raw data of all environmental variables and biodiversity metrics were log-transformed, and the normality of those variables was detected using the Kolmogorov–Smirnov (K-S) test to meet the requirements of the following analyses.



The redundancy analysis (RDA), one of the multivariate statistical methods, was applied to identify the most influential variables for avian biodiversity (CANACO 5.0) [55]. The stepwise selection procedure of RDA can simplify the subset of explanatory variables (i.e., environmental variables) by a constrained ordination model. We identified the contribution of each variable to explaining the variance, and tested the significance of the contribution using a partial Monte Carlo permutation test. False discovery rate estimates, one of the significance adjustment methods, was applied to avoid Type I errors. Since the flow of the Tsing River also reflects the trend of urbanization, the spatial autocorrelation between samples was excluded by adding a covariate named “location”: the upper (transect 1–6), middle (transect 7–12), and lower (transect 13–18) reaches of the river were assigned values of 1, 2, and 3 respectively. We conducted partial RDA on all birds and the top 10 birds. To further discuss the response of birds with different biological characteristics, we grouped them based on the habitat type, residence type, and foraging guilds: forest bird (inhabiting forest or wooded areas), water bird, resident bird, migratory bird, carnivorous bird, omnivorous bird. Then we repeated the RDA on the six groups respectively. Table S1 contains all information on biological characteristics, collected from [47].





3. Results


3.1. Observed Birds and the Selected Variables


A total of 85 bird species and 15,632 individual birds were observed along Tsing River, as shown in the species list (Table S1). Among all species (n = 85), forest birds and water birds occupied 31.8% and 18.9%, respectively; resident birds occupied 29.4%, the rest were regarded as migratory birds; carnivorous birds and omnivorous birds occupied 40% and 57.6%, respectively.




3.2. Overall Responses of Birds


Table 1 shows the result of RDA, with an acceptable significance calculated by the permutation test (p = 0.022). The overall influential variables for all birds and the corresponding explained variance are grass (48.5%), pedestrians (11.7%), bicycles (10%), F (5.5%). In comparison, the top 10 birds have more diverse responses: F (22.7%), coverage of grass (18.2%), coverage of shrub (11.3%), bicycles (8%), vegetation richness (6.2%), motorbikes (7.3%).



Figure 5 illustrates the correlation between all response variables and explanatory variables, from which we can get more details of a single biodiversity metric. Figure 5a shows that BA and BR are more related to the coverage of grass (explained variance = 48.5%, p = 0.034), compared with BD. for the top 10 birds, Figure 5b suggests that the coverage of grass has a significant correlation with the abundance of Cyanopica cyana (CyanCyan) and Pycnonotus sinensis (PycnSine), although it is the second important variable for the top 10 birds (explained variance = 18.2%, p = 0.054); the most influential variable F (explained variance = 22.5%, p = 0.034) has a more significant correlation with Anas platyrhynchos (AnasPlat) than other species among the top 10 birds.




3.3. Species Specific Responses of Birds


Similar as the RDA for all birds and top 10 birds, with regard to each bird group, Table 1 shows the importance ordination of environmental variables and the contribution of explained variance of each single variable. The coverage of grass is the crucial variable for resident birds (45.4%), forest birds (49.1%), water birds (26.9%), and omnivorous birds (54.1%). Meanwhile, the number of pedestrians passing ranks top for migratory birds (30.7%) and carnivorous birds (39.7%). Among all variables, the coverage of grass and the disturbance of pedestrians can be the most influential variables affecting the avian biodiversity.



Specifically, for resident birds and migratory birds, although both of them are negatively correlated with human disturbance, migratory birds (explained variance of pedestrians = 30.7%, p = 0.034) are more sensitive than resident birds (explained variance of bicycles = 13.9%, p = 0.038).





4. Discussion


4.1. The Scale of Effect of Landscape-Scale Variables


As for the scale of effect, our findings agree with those of [56] that the spatial scale at which species respond to environmental changes should be clarified case by case. For example, planting a tree in a household garden and restoring a river may both affect biodiversity, but their influence cannot easily be compared for specific species. In the present study, the landscape connectivity metric reflected a more significant correlation to bird diversity when measured in the surrounding area, the larger scale. Our finding was coincident with [37], they quantified landscape connectivity at three spatial scales (3, 6, and 12 km), and found that connectivity variables are more strongly correlated with the composition of bird communities at larger spatial scales. However, with regard to F (forest land), it reflected biodiversity more accurately than the other land-cover types when measured in the observation area, with a buffer of 100 m.




4.2. What Can Be Concluded from the Responses of Migratory Birds?


As shown in Table 1, the responses of migratory birds are slightly different to others, but quite informative. For birds who need to migrate, what factors are most attractive for them? Most of the birds we observed along the Tsing River are summer migrants, which means they fly for a long time, trying to find a warm place to build nests and breed their next generation. Therefore, it is not difficult to understand why the area of water and the number of big trees present an effect on biodiversity of migratory birds. Basically, migratory birds need to find water sources and food for living; second, big trees are usually regarded as a safe place to build a nest.



Moreover, the migratory bird is the only group that responded to landscape connectivity (10.7%, p = 0.044). According to the island biogeography, connections between habitat patches can contribute to the exchange of gene flow among habitats, and thereby promote the biodiversity. In comparison, for resident birds, the optimal preference is places with more grass land (45.4%, p = 0.034) and less built-up (11.2%, p = 0.02), where they can find some insects and seeds of plants for food.




4.3. The Dispersal Distance of Birds and Landscape Connectivity


Landscape connectivity is a metric to simulate the connection between habitats in the eye of species. In the existing research, several studies assessed landscape connectivity for multiple species by defining species groups and selecting focal species or virtual species for each group [38,43,57,58,59]. However, seldom studies have included dispersal distances of birds in landscape connectivity assessment. In this case, we proposed an approach of defining the distance threshold of landscape connectivity.



First, the dispersal distance of each bird species should be identified. Two studies [38,43] modeled the dispersal distance of birds by the taxonomy, with which the dispersal distance can be calculated based on foraging guild and body mass M (in kg); the equation used to calculate this was: pM0.63 (p = 13.1). However, when we verified this equation using observed dispersal distance data collected from the literature, it failed to predict the dispersal distance. We proposed a method synthesizing the result from the literature regarding the dispersal distance of birds and optimized the existing calculation formula. (1) Group all birds according to their family; (2) calculate the parameter p of each family according to the observed data from the literature; (3) figure the dispersal distances of the rest species in the family using the parameter p calculated in the last step. The complete results of dispersal distance and references are shown in Table S2.



Second, to determine the optimal threshold of landscape connectivity, when landscape connectivity can best represent the actual bird diversity, we group birds based on their dispersal distance: 0–1, 0–2, 0–3, 0–4, 0–5 km. Accordingly, we set different distance thresholds of landscape connectivity (1, 2, 3, 4, 5 km) for scenario analysis, and compare the correlation between landscape connectivity and biodiversity of birds (Table S3). The most significantly correlated scenario implies that the dPC metric can better simulate the real dispersal distance of species under the setting of that threshold. Finally, “5 km” is selected as an optimal setting of the threshold. This approach is repeatable, applicable, and could be useful for determining the linkage threshold in the assessment of landscape connectivity and guide city planners in the conservation of multiple species.




4.4. Significant Variables and Implication for Bird Conservation


Avian biodiversity is affected by combinations of environmental factors [37]. We discussed the impact of environmental variables on bird communities in urban riparian areas, our findings provide evidence for bird conservation in urban riparian areas.



If we compare the explanation of local variables and landscape variables, it is obvious that the sum of explanation of local-variables is greater than that of landscape-scale variables. As we know, avian biodiversity is affected by multi-scale variables. However, in general, the vegetation characteristics and human disturbance in local habitat tend to be more important than surrounding land cover.



For vegetation characteristics, the coverage of grass on the ground had the most significant, positive influence on birds. It may due to the proportion of birds feeding on the grassland, which is much higher than that of other foraging zones. Besides, the positive influence of large trees and the coverage of shrubs on birds agrees with the results of [14].



With regard to human disturbance, in riparian areas of Tsing River, bird communities were more sensitive to the number pedestrians and bicycles than that of motorbikes and cars. [60] found that bicycles have more negative effects on birds than pedestrians in parks. Surprisingly, the top 10 birds responded less significantly to the disturbance of pedestrians than the whole bird communities, which may be due to the adaptation of common birds to the urbanized environment with human disturbance.



At the landscape scale, among all land-cover types, the area of forest and water, playing as a green surrounding environment in an urbanized area, affect the biodiversity of birds positively. Conversely, the area of buildings and roads had a negative influence. It is undeniable that urbanization damages biodiversity [14,39].



During riverbank maintenance, improving grassland coverage can not only prevent soil erosion, but also provide food (plant seeds and insects) for birds; planting more large trees is also an important strategy that can offer a wider range of options for nesting birds. In addition, increasing green spaces and reducing pavement and building density near riparian areas are efficient strategies, providing a greener environment for bird communities, which agrees with [61] that increasing green spaces has positive influences on bird diversity in Beijing. Future research could not only include birds but also insects, reptiles, and mammals with relevant empirical evidence of their dispersal distance. A long-term species survey is also needed, regarding that the responses of birds to environmental changes in landscape scale may be hysteretic [62].





5. Conclusions


This study assessed the responses of bird species to the local- and landscape-scale variables in riparian areas of Tsing River, which flows through urban and suburban areas of Beijing. Among all environmental variables, we found that the coverage of grass has the most positive effect on biodiversity of birds, while the number of bicycles and pedestrians have the most negative effect on biodiversity of birds. In general, local-scale variables are more influential for avian biodiversity than landscape-scale variables.



In addition, our findings agree with the previous studies that the biological traits of birds should be considered in discussions of the species–habitat relationship; the fine scale of an environmental variable should be clarified case by case. The optimal distance threshold of landscape connectivity was identified as 5 km, according to the dispersal distance of birds in the study area. Our findings provide new data for bird conservation in riparian areas of cities, which can be applied to vegetation management and landscape planning for biodiversity conservation.
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Figure 1. The location and the catchment of the Tsing River. Land covers were interpreted from Gaofen-2 remote sensing image. 






Figure 1. The location and the catchment of the Tsing River. Land covers were interpreted from Gaofen-2 remote sensing image.



[image: Forests 10 00683 g001]







[image: Forests 10 00683 g002 550]





Figure 2. Images of the Tsing River and waterfronts: (a) in the upper reaches, although there are walkways along the river, there is little human activity and some sections are inaccessible; (b) in the middle reaches, recreational functions are taken into account in plant allocation and landscape design because of the large number of residential and commercial areas around it; (c) in the lower reaches, human activities and vegetation management are less frequent, and there are dense trees on both sides of natural riverbanks. 
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Figure 3. Illustration of the river section. Local environmental variables were investigated from field surveys in 54 sample sites (size: 10 × 10 m). 
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Figure 4. An example of land cover interpretation. Objective-based image analysis can classify forest, wooded areas, grassland, water, cropland, road, building, and vacant area. The reclassification of building and road were based on field surveys and Baidu Street View Map (https://map.baidu.com/). 
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Figure 5. Redundancy analysis tri-plots showing correlation between environmental variables and avian biodiversity, including: (a) all birds; (b) the top 10 birds; (c) forest birds; (d) water birds; (e) resident birds; (f) migratory birds; (g)carnivorous birds; (h) omnivorous birds. Seven local-scale variables and six landscape-scale variables were involved in the analysis: Grass = the coverage of grass; Shrub = the coverage of shrub; VegtRich = the vegetation richness; Bigtrees = the number of big trees; Pedestra = the number of pedestrians; Bicycles = the number of bicycles; Motorbik = the number of motorbikes; F = forest land; W = water area; G = grassland; B = building; R = road; Connect. = landscape connectivity. Three biodiversity indices: BA = bird abundance; BR = bird richness; BD = bird diversity. The top 10 birds: Passer montanus (PassMont), Anas platyrhynchos (AnasPlat), Cyanopica cyana (CyanCyan), Pica pica (PicaPica), Tachybaptus ruficollis (TachRufc), Hirundo rustica (HirnRust), Corvus dauuricus (CorvDauu), Anthus spinoletta (AnthSpin), Pycnonotus sinensis (PycnSine), Egretta garzetta (EgrtGarz). 
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Table 1. Redundancy analysis with biodiversity metrics and influential environmental variables.
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	Name
	Explains %
	Pseudo-F
	p





	All birds
	Grass (%)
	48.5
	14.1
	0.034



	
	Pedestrians
	11.7
	4.1
	0.074



	
	Bicycles
	10.0
	6.2
	0.098



	
	F
	5.5
	4.6
	0.080



	Top 10 birds
	F
	22.7
	4.4
	0.034



	
	Grass (%)
	18.2
	4.3
	0.054



	
	Shrub
	11.3
	3.1
	0.022



	
	Bicycles
	8.0
	2.4
	0.038



	
	Veg. Richness
	6.2
	2.0
	0.066



	
	Motorbikes/scooters
	7.3
	2.8
	0.052



	Resident birds
	Grass (%)
	45.4
	12.5
	0.034



	
	Bicycles
	13.9
	7.9
	0.038



	
	B
	11.2
	3.6
	0.020



	
	W
	6.6
	5.0
	0.052



	Migratory birds
	Pedestrians
	30.7
	6.7
	0.034



	
	W
	18.3
	5.0
	0.064



	
	Connect.5km
	10.7
	4.4
	0.044



	
	Big trees
	8.3
	5.5
	0.070



	
	Bicycles
	3.1
	2.3
	0.074



	Forest birds
	Grass (%)
	49.1
	14.5
	0.034



	
	Bicycles
	12.9
	4.8
	0.020



	
	Shrub
	9.6
	4.4
	0.052



	
	R
	4.5
	2.5
	0.082



	
	B
	6.8
	5.4
	0.052



	Water birds
	Grass (%)
	26.9
	5.5
	0.078



	
	F
	6.1
	2.1
	0.068



	
	Pedestrians
	9.8
	4.7
	0.074



	Carnivorous birds
	Pedestrians
	39.7
	9.9
	0.034



	
	Bicycles
	6.2
	2.5
	0.096



	Omnivorous birds
	Grass (%)
	54.1
	17.7
	0.034



	
	B
	11.4
	4.6
	0.050



	
	Bicycles
	9.9
	6.9
	0.038







Note: F = forest land, G = grass land, W = water, B = buildings, R = roads, Connect.5km = landscape connectivity with a distance threshold of 5 km.
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