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ABSTRACT
Evaluating several biodiversity descriptors and considering several spatial scales might
elucidate conservation issues and improve biodiversity monitoring in urban environments.
We estimated species richness (order q = 0), Shannon diversity (order g = 1), and Simpson
diversity (order g = 2) based on Hill numbers and performed cluster analysis and non-metric
multidimensional scaling (NMDS) to compare seven urban micro-watersheds and a peri-
urban site across a northern Andean city (Medellin, Colombia). We found 113 diurnal
resident bird species: 50 (44 %) exclusively within urban sites, 21 (19 %) exclusively in the
periurban site, and 42 (37 %) shared species. Some urban watersheds had similar bird species
richness to the periurban site, but Shannon and Simpson diversities were always lower,
showing decrease in local bird diversity when abundances were considered. Bird species
composition differed between urban watersheds and the periurban site, with all urban
watersheds grouped altogether by cluster and NMDS analysis, and the periurban site forming
its own group. This suggests homogenization of bird species composition due to the species
turnover decreasing across urban areas, with endemic, near endemic and rare species
restricted to periurban areas where native forest remnants persist. Several scales of
biodiversity and analysis at more local scales are needed to better understand biodiversity
patterns across Andean cities and to design urban planning strategies that prevent biodiversity

loss.

Keywords: Aburra Valley, Neotropical city, Tropical Andes, urban biodiversity,

urbanization.



RESUMEN

La evaluacion de varios indicadores de biodiversidad y considerar varias escalas espaciales
podria evidenciar problemas de conservacion y mejorar el monitoreo de biodiversidad en
ambientes urbanos. Estimamos la riqueza de especies (orden g = 0) y las diversidades de
Shannon (orden g =1) y Simpson (orden q = 2) usando ndmeros de Hill, y realizamos analisis
de agrupamiento y escalamiento no métrico multidimensional (NMDS) para comparar siete
microcuencas urbanas y un sitio periurbano en una ciudad del norte de los Andes (Medellin,
Colombia). Encontramos 113 especies de aves residentes: 50 (44 %) exclusivamente dentro
de la zona urbana, 21 (19 %) exclusivamente en el sitio periurbano y 42 (37 %) compartidas.
Algunas cuencas urbanas tuvieron una riqueza de especies similar al sitio periurbano, pero
las diversidades de Shannon y Simpson fueron siempre menores, mostrando patrones mas
claros de reduccion de diversidad de aves al considerar las abundancias. La composicion de
especies de aves se diferencid entre zonas urbanas y el sitio periurbano, con las microcuencas
urbanas agrupandose entre si en los analisis de agrupamiento y NMDS. El sitio periurbano
formo su propio grupo, sugiriendo homogenizacion en la composicion de especies de aves
debido a la reduccidn de recambio de especies dentro de la zona urbana, con las especies
endémicas, casi endémicas y raras restringiéndose a zonas periurbanas donde persisten
remanentes de bosque nativo. Indicadores que evallen varias escalas de biodiversidad y
analisis que consideren escalas espaciales mas locales son necesarios para entender mejor 1os
patrones de biodiversidad en ciudades andinas y disefiar estrategias de planificacion urbana
que prevengan la pérdida de biodiversidad.

Palabras clave: Andes Tropicales, biodiversidad urbana, ciudad Neotropical, urbanizacion,

Valle de Aburré.



INTRODUCTION

Biodiversity, a commonly used term in urban environmental policies and biological
conservation studies (Aronson et al., 2017), represents a multidimensional concept where
biological scales are interdependent on each other (Bennie et al., 2011), following the
hierarchical nature of biological entities, from genes and species to ecosystems. Furthermore,
the term biodiversity is usually simplified to “species loss” (Sol et al., 2014), which under
public media and political popularization results in the misunderstanding of the original
concept, obnubilating its functional relevance and its direct application on sustainability
strategies in highly human-disturbed environments (Puppim de Oliveira et al., 2011).
Conceptual complexity and methodological bias (i.e., lacking of systematic sampling)
complicate the measurability and monitoring of urban biodiversity (Ouyang et al., 2018).
Therefore, simple descriptors such as species richness are the most used in urban ecosystems
(Mckinney, 2008; Nielsen et al., 2013), as they are easier to understand by policymakers.
However, focusing on species numbers is not always operational, because biodiversity is
inherently dependent on multidimensional ecosystem processes, such as mass and energy
flow and several biological interactions that involve individuals, populations or species, and
communities, simultaneously (Bennie et al., 2011). Hence, a lack of other spatial and
biological dimensions might mask conservation issues driven by urbanization.

Biodiversity monitoring could be an overwhelming task, but it can be optimized by focusing
on certain groups that have high taxonomic resolution, predictable ecological responses, and
high detectability under the available sampling methods (Anderson, 2018). Birds are a highly
conspicuous and well-known bioindicator group in a wide range of environmental conditions

(Becker, 2003), and they are useful for monitoring impacts on natural or human-dominated



ecosystems. At the community multispecies level, it is possible to gather huge amounts of
bird data with observational methods that are simple to implement and replicate (Sutherland
et al., 2004). Unsurprisingly, birds have been one of the most studied groups in urban
ecosystems (Mckinney, 2008; Nielsen et al., 2013), although some regions of Latin America
have knowledge gaps on systematic ecological studies that could be a limitation for biological
conservation in cities (Ortega-Alvarez and Macgregor-Fors, 2011).

Fortunately, bird diversity urban studies in Latin America are increasing in numbers (Leveau
et al., 2022), and information on bird species abundance and distribution is increasingly
gathered by citizen science platforms (e.g., Cornell Lab of Ornithology, 2023). This
represents a way forward in understanding bird diversity patterns across cities in the region
and a valuable source of information for improving the conservation strategies, social
appropriation of knowledge, and environmental politics design (Mazaris, 2017).
Nevertheless, the uses and implications of biodiversity concepts, the spatiotemporal scale
effects on bird diversity patterns, and methodological issues regarding how bird diversity is
measured and monitored will be the keystone for making the most of this new available
information.

In some biodiversity hotspots such as the Tropical Andes, urban sprawl is occurring at higher
rates than the global average (Cincotta et al., 2000), without detailed background information
and analysis to account for the possible consequences for biodiversity (Ortega-Alvarez and
Macgregor-Fors, 2011). In addition, the high endemism in northern Andes implies a high risk
of homogenization in bird species composition driven by human-induced landscape
transformation (McKinney, 2006), as natural habitats across cities and surroundings decrease

in extension and increase in fragmentation (Quintero et al., 2017). This highlights the need



of including diversity descriptors beyond species richness and improving methodologies in
data taken and analysis to monitoring urban biodiversity.
In this study, we evaluated whether bird species richness is a reliable descriptor to detect and
monitor biodiversity decline in a northern Andean city, using the watershed-scale urban
planning used in Andean Colombian capitals (Andrade et al., 2013; Universidad Nacional de
Colombia, 2005). Because bird abundance might increase at higher rates than bird species
richness with urbanization sprawl (Sax and Gaines, 2003; Ortega-Alvarez and MacGregor-
Fors, 2009), we hypothesized that alpha diversity descriptors that consider the number of
species in proportion to their abundances would be better predictors than species richness.
Additionally, we hypothesized that urbanization homogenizes bird assemblages across a city
of northern Andes, which could represent a conservation concern in this area with high
endemism.

MATERIALS AND METHODS
STUDY AREA
The Aburra Valley of the Colombian Central Andes (06°14'57"N, 75°34'42"W) is located
between 1000 and 3000 m.a.s.l.; almost four million people live in urban areas
(Departamento Nacional de Estadistica [DANE], 2019). The basin has been completely
transformed by urbanization and silvicultural management and natural vegetation only
remains along the valley’s slopes above 1800 m.a.s.l. Mean temperature and precipitation in
the study area was 18.29 + 0.25 °C (prom = SD) and 1598.52 + 289.50 mm/year between
2014 and 2019, respectively (IDEAM, 2023) (the temporal range of our study).
We subdivided the metropolitan area of Aburrd Valley according to micro-watershed

delimitation by the Management and Ordering Plan of the Aburra Valley Watershed



(Universidad Nacional de Colombia [UNAL], 2005), excluding the periurban section of each
micro-watershed. We used seven micro-watersheds (with availability of systematic bird
count data) to evaluate bird biodiversity patterns and species composition within the city,
including a periurban area with native forest remnants in southeastern Medellin as a reference
site for comparison.

LAND COVER CLASSIFICATION

We used the Build Virtual Raster tool in QGIS (version 2.18.25) and the SCP tool for
atmospheric correction (QGIS Development Team, 2023), based on a semi-automatic land
coverage classification, that was summarized into three categories. We defined grass, trees,
and built-up areas, based on bands on brightness, greenness, and wetness, using images from
Sentinel-2 satellite (10 m of accuracy), taken on 20 December 2017. This classification was
performed for the seven urban micro-watersheds to compare bird diversity patterns within

the city.

BIRD SURVEYS

We established 77 bird point counts (11 per urban site) within the city and seven more at the
periurban site; all of them at least 200 m apart from each other along the altitudinal range
1486-2351 m.a.s.l. (Fig. 1). These points were part of biodiversity studies for independent
projects that needed bird inventories for environmental permissions (including the periurban
site). The same sampling protocol was used under equivalent sampling design, establishing
points across contrasting habitats (e.g., grass, trees, built-up areas with scattered vegetation,

etc.).



We recorded every bird seen or heard for four ten-minute visits at 25 m-fixed radius point
counts, between 06:00 and 10:00 hours, reaching a total effort of 3640 minutes. We made
visits to the same point in different days, but within the same week. Nocturnal, overflying,
and Nearctic-Neotropical migratory bird species were excluded. We sampled between
September 2014 and June 2019, unifying data under a "space-for-time" substitution approach
(Pickett, 1989), where comparisons focused on spatial rather than temporal variation.

The study area changed less than 4 % in land cover percentage by category (grass, trees and
built-up areas) during this period (personal unpublished data); also, mean temperature and
precipitation changed less than 3 % and 10 %, respectively, during the same period (personal
analysis based on data by IDEAM, 2023). Thus, although some temporal bias might exist,
we assumed that spatial variation would be more influential on the bird diversity patterns we
aimed to evaluate, because we used a wide spatial scale to analyze the system (i.e. micro-

watersheds).

DATA ANALYSIS

We considered each point an independent sample (i.e. replicate) and the maximum of
individuals per species per point the independent record (to avoid bird recounting), with 50
individuals being the maximum value for mono-specific bird flocks (i.e. we fixed “50” as the
abundance when any species obtained more than 50 records at the same point). To compare
sites with different sampling effort, we plotted sample-size-based rarefaction/extrapolation
curves of order q = 0 (Species richness), g = 1 (Shannon diversity: number of common

species) and g = 2 (Simpson diversity: number of very common species), based on bird data



abundance, with 95 % confidence intervals, using the package INEXT in the program R

version 2.5-5 (Hsieh et al., 2016).

We calculated the asymmetrical Hellinger distance between sampling sites using the
decostand and vegdist functions of the Community Ecology Package vegan in R (Oksanen
et al., 2019). Hellinger distance avoids double zeros issues, and therefore, it is a highly
recommended distance for analysis based on abundance data (Legendre and Legendre, 2012).
We plotted hierarchical clusters with the hclust function of the Stats R Package (R Core
Team, 2019), using complete linkage, single linkage, UPGMA, WPGMA, and Ward
methods. We selected the most supported cluster (i.e. the highest cophenetic correlation with
better goodness of fit, consistent silhouette widths without ambiguous clustering, and the
number of supported groups by Fusion levels, see Legendre and Legendre, 2012), and draw
a heat map using the pheatmap function of the Pheatmap R Package (Kolde, 2019).
Additionally, we performed a non-metric multidimensional scaling (NMDS) using the
function metaMDS of the Community Ecology Package vegan (Oksanen et al., 2019); this
analysis complemented the cluster analysis by showing which bird species might influence
the affinities between sites (similarities/dissimilarities).

Finally, only for urban micro-watersheds, we ran the glmulti function of the glmulti R
Package (Calcagno and de Mazancourt, 2010), based on generalized linear models (GLM)
(version 1.0.7.1.), fitting the variables under the formulas “Richness ~.”, “Shannon ~.”, and
“Simpson ~.”. Percentage of trees, grass/ or built-up areas, mean and maximum patch size
for each land cover type were explanatory variables (all were included simultaneously in

each modeling process); Richness, Shannon, and Simpson were the response variables (based



on Hill numbers of order q = 0, g =1, and q = 2, respectively). We used the Poisson
distribution and restricted the model selection to main effects (without variable interactions),
due to high autocorrelation between some explanatory variables. We calculated Spearman
correlation coefficients between explanatory variables with the function chart.Correlation of
the package Performance Analytics in R (Peterson et al., 2019), and verified multicollinearity
in regression analysis with the variance inflation factor (VIF) with the function vif of the
package car in R (Fox & Weisberg, 2019). We selected best models based on Akaike’s
Information Criterion corrected for small sample size (AICc < 2.0) and estimated individual
p-values to evaluate effects of each explanatory variable on bird diversity (q =0, g =1, and q
=2), excluding models with high correlated variables (VIF > 5.0).

RESULTS
We found 113 diurnal resident bird species (Supplementary Table 1): 50 (44 %) exclusively
within urban sites, 21 (19 %) exclusively in the periurban site, and 42 (37 %) shared species.
About 70 % of bird records corresponded to 20 species, with greater abundances in the urban
micro-watersheds. The most common species along urban micro-watersheds were the exotic
Columba livia (5.15 % of urban records vs 0 % periurban records) and some Neotropical
birds with wide distributional ranges: Pygochelidon cyanoleuca (8.24 % urban vs 2.32 %
periurban), Thraupis episcopus (6.84 % urban vs 1.39 % periurban), Zenaida auriculata
(6.81 % urban vs 1.85 % periurban), Columbina talpacoti (5.34 % urban vs 0 % periurban),
among others (Supplementary Table 1).
ALPHA DIVERSITY
Observed and estimated values of alpha diversity of order q = 0 (species richness) were

usually higher in the periurban site (observed species richness= 63; estimated species



richness = 71.99 * 5.75), but two urban micro-watersheds showed similar observed species
richness and higher estimated species richness in rarefaction curves (Fig. 2) (observed species
richness= 62, for both urban sites: MSE and WCI; estimated species richness = 81.57 + 14.34
and 72.06 + 7.98, respectively). Values of alpha diversity of order g = 1 (Shannon diversity:
number of common species) and order g = 2 (Simpson diversity: number of very common
species) were always higher in the periurban site (Fig. 2). Hence, estimated values of local
diversity showed that the periurban site had more even bird assemblages regarding species
numbers in proportion to their abundances, although some urban neighborhoods had similar

bird species richness.

BETA DIVERSITY

The Hellinger distance matrix showed that urban sites shared more species composition and
abundance patterns than any of them with the periurban site (Fig. 3). The heat map suggested
that all urban sites were differentiated from the periurban area, and most of them were
indistinguishable from one another, especially those located on highly developed areas (67—
100 % of built-up areas), such as all urban sites in the western micro-watersheds of the study
area (Fig. 3). Hellinger distances were above 0.95 between any urban site and the periurban
site, whereas all urban sites had 0.59 + 0.10 of distance between them (max = 0.79) (\/2 is
the upper limit of Hellinger distances; approximately 1.41).

NMDS analysis also showed high dissimilarity between the seven urban micro-watersheds
and the periurban site, with bird assemblages evidencing a gap across the ordination process
regarding their species composition (Fig. 4). This gap differentiated the periurban

assemblage based on species that were absent within the city, such as Hypopyrrhus



pyrohypogaster (endemic), Grallaria ruficapilla, Vireo leucophrys, Myadestes ralloides,
Tangara gyrola, Henicorhina leucophrys, and Basileuterus tristriatus, and species with
higher relative abundance out of the city, such as Ortalis columbiana (endemic), Leptotila
verreauxi, Momotus aequatorialis, Colaptes rubiginosus, Zimmerius chrysops, Arremon

brunneinucha and Stilpnia heinei.

LOCAL DIVERSITY ACCORDING TO LAND COVER COMPOSITION AND
STRUCTURE

Land cover percentage and mean and maximum patch size of built-up areas, trees, and grass
were weak variables for predicting local bird diversity patterns at the watershed-scale across
Aburra Valley’s urban areas. In the case of Shannon and Simpson diversities (Q =1 and q =
2, respectively), the best models (AICc < 2.0) included the models without any explanatory
variable (i.e. Shannon ~ 1 and Simpson ~ 1) (Table 1). Otherwise, although the best model
for species richness (we only found one with AICc < 2.0) included two explanatory variables
with significant influence (p < 0.05), the estimates for each variable were relatively low
(Table 1), with model residuals and null deviance suggesting low predictability. This model
suggested that a decrease on built-up areas and an increase on the maximum patch size of
trees increased bird species richness (Table 1).

DISCUSSION

The multidimensionality and hierarchical nature of biodiversity constrain the use of a single
measurement such as species richness to describe it adequately (Smith et al., 2021).

Nevertheless, keeping the lesser and simplest complementary measures to describe it seem a



convenient issue for urban planning and biological conservation in Latin American cities,
regarding the difficulties of implementing the scientific available knowledge into public
policies (MacGregor-Fors et al., 2020). As we hypothesized, alpha diversity descriptors that
consider the number of bird species in proportion to their abundances are better predictors
than species richness in the Aburrd Valley; also, we found signals of bird assemblages’
homogenization drove by urbanization, as we hypothesized, something that would be
undetected without any descriptor of species composition. Indeed, when species richness is
the only measurement taking into account, we might underestimate local biodiversity loss,
both at alpha and beta-diversity scales, which implies a potential misleading of public
policies and conservation efforts to achieve more sustainable cities, an compelling issue in

biodiversity hotspots such as Tropical Andes (Cincotta et al., 2000).

We found similar bird species richness in the periurban site and the two urban micro-
watersheds with the highest proportion of green cover (grass and trees). Nevertheless, alpha
diversity descriptors considering the number of species in proportion to their abundances (i.e.
Shannon and Simpson diversities based on Hill numbers) were higher in the periurban site
compared to all urban sites. The differences found between these descriptors is challenging
because urban planning uses mainly species richness to prioritize conservation efforts and

biodiversity monitoring (Nielsen et al., 2013; Aronson et al., 2017).

Other alpha-diversity measurements considering relative abundances that are still easy to
interpret by policymakers could be useful to detect biodiversity declines, as abundance might
reflect local biodiversity patterns that are masked in species richness (Clergeau et al., 2006).

Hence, an approach with complementary alpha-diversity descriptors might detect increasing



abundance of ecologically generalist birds whose presence in cities could be a nuisance for
more specialized birds (Sax and Gaines, 2003). In addition, in northern Andes, where species
turn over and endemism are high (Rahbek et al., 2019), forest-obligated species might be
highly vulnerable to urban sprawl and the loss and fragmentation of native forests (Becker et
al., 2008); this could be perceived in urban limits by using Shannon and Simpson diversity
values rather than species richness, along with beta-diversity analysis that show differences
in species composition. Indeed, the two endemic bird species found in our study were absent
(H. pyrohypogaster) or less abundant (O. columbiana) in urban sites, and similar patterns
were showed by other species with restricted distributions (e.g. near-endemics and species

restricted to Andean ranges) that were underrepresented in urban sites.

The inclusion of beta-diversity analysis acquires relevance in high biodiverse Andean ranges
(Rahbek et al., 2019), especially when biotic homogenization is driven by urbanization
sprawl along Neotropical cities (Leveau et al., 2017). Therefore, the prevalence of generalist
and widely distributed birds in urban areas could be detected by comparing bird assemblages.
In our study, the Aburra Valley showed highly resembling bird assemblages to each other
across urban neighborhoods but all of them differentiated from the periurban site. Hence,
including this information in biodiversity monitoring would be essential to develop policies
that protect the less abundant and most vulnerable species, beyond enhancing alpha
biodiversity in urban areas, recognizing urbanization as “the most homogenizing of all major

human activities” (McKinney, 2006).

Additionally, although built cover and maximum patch size of trees might predict some

changes on bird species richness in the Aburra Valley (i.e. less built-up areas percentage and



bigger tree areas increase species richness), Shannon and Simpson diversities, the descriptors
showing the bird diversity patterns more accurately in the study area, are weakly predicted
by any landscape variable that we used to evaluate alpha diversity. These weak responses do
not mean that landscape composition and structure are irrelevant to understand urban bird
diversity, but that the spatial scale might also play an important role in understanding these

patterns.

The micro-watershed scale seemed to be unable to detect local differences regarding urban
green spaces composition and structure in urban areas of the Aburrd Valley. This limitation
could be also a matter of sample size but, in any case (e.g. by sampling design or spatial scale
constraints), it seems that more local scales are needed to understand biodiversity patterns
across Andean cities, particularly when most urban species have intermediate tolerance to
urbanization and might respond to local rather than landscape scales (Chace and Walsh,
2006). In addition, under a scenario where size, shape, and other landscape attributes of green
spaces are difficult to manage, identifying local attributes such as vegetation composition
and structure could improve green space management to enhance local bird diversity
(Shwartz et al., 2008; Threlfall et al., 2017; Garizabal-Carmona and Mancera-Rodriguez,

2021).

When only landscape scales are evaluated and bird species richness is the main alpha-
diversity descriptor, other studies have also failed to find differences in bird assemblages
across urban ecosystems (Ferenc et al., 2014; Morelli et al., 2016). It has been suggested that
urban species richness is a matter of scale, as more local approaches have shown significant

differences in species richness (Chong et al., 2014; Shwartz et al., 2013). Furthermore, it



could be helpful that urban planning includes both landscape and local scales simultaneously,
as the analysis of only one scale might difficult the understanding of urbanization effects on

different components of biodiversity.

Finally, more attention by conservation biologists is needed on Andean urban ecosystems
and its surroundings, where urban planning and local development is mostly lead by
engineers, architects, politicians, and other people with little knowledge on biodiversity.
Interdisciplinary perspectives on urban development and management, and a more precise
view on the territory, would help to understand how urbanization affects biodiversity and to
improve urban planning strategies that alleviate growing conflicts between biodiversity and

urban development across northern Andes, one of the most biodiverse regions of the world.

CONCLUSIONS

Combining spatial scales along with beta-diversity analysis and alpha-diversity descriptors
that not only consider species richness could help to detect urbanization effects, especially
when losing local identity by local extinction of small range fauna is one of the main
conservation issues in human-transformed landscapes (McKinney, 2006). Although species
richness could be an indicator of better urban green spaces management (Threlfall et al.,
2017), declining of more specialized bird populations and homogenization of species
composition are still a conservation issue that needs to be considered, because some bird
populations are isolated and fragmented without being noticed, representing a conservation
issue for small range forest-dependent birds, which are not found within the most developed
areas of Andean cities.
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Fig 1. Study area: sites delimitated for local bird diversity analysis in the Aburra Valley (Colombia):
periurban reference site (PER), and seven urban micro-watersheds: western center “Iguana” (WCI),
western center “Hueso” (WCH), middle southwest far (MSW), far south west (FSW), close south east

(CSE), middle south east (MSE), far south east (FSE).
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Fig 2. Sample-size-based rarefaction/extrapolation curves of resident bird assemblages across seven
neighborhoods (CSE, WCH, FSE, MSE, MSW, FSW, WCI) and a periurban reference site (PER) in
the Aburréa Valley (Colombia). Order g = 0 (Species richness), q = 1 (Shannon diversity: number of
common species) and g = 2 (Simpson diversity: number of very common species) are plotted based

on abundance bird data, with 95% confidence intervals.
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Fig 3. Heat map with Hellinger distances and UPGMA clustering diversity patterns of resident bird
assemblages across seven neighborhoods (CSE, WCH, FSE, MSE, MSW, FSW, WCI) and a

periurban reference site (PER) in the Aburra Valley (Colombia).
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Fig 4. Sheppard and non-metric multidimensional scaling (NMDS) plots from the abundance matrix
of resident bird assemblages across seven neighborhoods (CSE, WCH, FSE, MSE, MSW, FSW,

WCI) and a periurban reference site (PER) in the Aburra Valley (Colombia).



Table 1. Best supported models for evaluating resident bird species richness (BR, g = 0), Shannon

diversity (SH, q = 1) and Simpson diversity (SI, g = 2), based on Hill numbers, across seven

neighborhoods in the Aburra Valley (Colombia). Models are compared using the Akaike Information

Criterion corrected for small sample sizes (AlICc) and only models with AAICc < 2.0 are shown, with

their null (Null dev.) and residual deviances (Res. dev.), and adjusted coefficient of determination

(Adj-R?). Significance of variables for each model are marked as ***: p < 0.001, **: p < 0.01, and *:

p < 0.05 (variables without marks had p > 0.05).

Model Estimate SE z-value AICc AAICc Null dev. Res.dev. Adj-R?

BR ~ Built + MaxTreesA 54.288 0.000 22303  7.239 0.676
Built***: Built-up areas -0.002  <0.001 -3.763
MaxTreesA*: max Trees patch area <0.001  <0.001 -2.350

SH ~ Grass 46.478 0.000 9.319 5.656 0.447
Grass: grass percentage 0.022 0.012 1.868

SH~1 48.141 1.663 9.319 9.319 -

SH ~ MBuUiltP 48.180 1.702 9.319 7.359 0.247
MBuUiltP: mean built patch size <-0.001 <0.001 -1.378

S| ~ Grass 45.341 0.000 10554  7.712 0.340
Grass: grass percentage 0.024 0.015 1.641

SI~1 46.182 0.936 10.554 10.554 -

Sl ~ MGrassP 47.118 1.778 10.554 9.489 0.100

MGrassP <0.001 <0.001 1.05




