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Abstract

The urbanisation process has numerous and substantial impacts on
ecosystems and biodiversity. Comprehending how different species react to
environmental change through urbanisation is necessary if we are to better
understand how to mitigate the negative impacts. Birds, which have relatively
high mobility and many of which are sensitive to environmental change, are
often used as indicators to determine how urbanisation affects biodiversity.
However, most studies of the impacts of urbanisation on birds focus on a
single city, or focus on multiple cities but use non-standardised data. Here, a
standardised dataset of bird presence across the UK (BTO Atlas data) was
used to compare urban and rural bird assemblages in terms of various spatial
and temporal ecological patterns. The 100 most urban grid squares in the
BTO dataset were selected, and compared with a random draw of 100 rural
squares. The dataset comprised two time periods: 1970 and 2010. Temporal
patterns of species richness and composition change were compared
between rural and urban sites, as were differences in spatial variation in
composition in 2010 (i.e. spatial beta-diversity). To compliment the
community-level patterns, an analysis of individual winner and loser species
(in terms of urbanisation) was undertaken. It was found that there were some
large differences between urban and rural sites. While mean richness did not
differ substantially, composition changed to a greater degree through time in
urban areas, while in 2010 spatial variation in composition was lower in urban
squares relative to rural squares. Together, these results indicate that urban
areas are becoming more homogenous in terms of composition, which aligns
with published studies that have argued biotic homogenisation of communities
is a global environmental issue. The species doing well in urban areas (the
winners) tend to be doing well nationwide, although the rate of increase in

occupancy is generally greater in urban areas.
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Chapter 1

Introduction



1.1Background

Humans are having substantial impacts on all levels of biodiversity, from
species through to ecosystems (Blowes et al. 2019). The rate at which
anthropogenic drivers (loss of habitat, excessive fishing, pollution, climate
change to name a few) have been extinguishing animal and plant species has
accelerated in recent centuries (Ceballos et al., 2015). Because the typical
urban region is highly populated, with energy supply and living space only two
of the human population’s many needs, urban regions are among the most
clearly anthropogenic landscapes. The consequence of the urbanisation
process is highly fragmented habitats and a disturbed local climate, both of
which are known to be detrimental to biodiversity. Past research has shown that
some native species are less abundant in urban areas relative to more natural,
rural environments (Tratalos et al., 2007; Grimm et al., 2008). Coupled with the
extirpation of specialist species in urban areas, this increases biotic
homogeneization across cities (McKinney, 2006; Devictor et al., 2007). Indeed,
big cities are considered to have the highest rates of local extinction of species
of any pattern of land use (Chace & Walsh, 2006; Marzluff et al., 2001;
McKinney, 2002).

When seeking to assess how urbanisation affects biodiversity, birds
represent a useful study taxon on account of their rapid reaction to changes in
habitat, the presence of many species in urban environments, and the
availability of data on their presence and ecology in cities (Chace and Walsh,
2006; Pellissier et al., 2012). They are also, thanks to their diverse ecologies
and life cycles, a useful taxon for studying how species’ traits can change as a
result of changes in the environment. Most ornithological studies along urban-
rural gradients have found that avian communities’ composition and diversity
have been negatively affected by urbanisation (Chace & Walsh, 2006; Lepczyk
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et al., 2017; McKinney, 2002, Fig. 1-1) which, as stated above, leads to bird
composition becoming homogenised (Clergeau et al., 2006; La Sorte et al.,
2014; Leveau et al., 2015). The differential impacts on migrants vs. resident

birds can also lead to changes in seasonal diversity patterns.

Present
community community

Present
environment environment

C

Fig 1-1 Studies using the urban-to-rural gradient approach to study biodiversity

responses to environmental change tend to rely on one of two options:
allocating sites to categories (i.e., urban or rural) or using the linear distance
between the city centre and the rural matrix as shown in A. Alternatively, the
two methods can be combined with measures of socioeconomic factors, land
cover, land use, or built infrastructure metrics as shown in B to determine the
degree to which remnant ecosystems have been urbanised (road density is
depicted here). Data analysis often compares ecological responses across
various urban classes or examines the individual effects of a condensed

collection of explanatory variables, as in C (Ramalho et al., 2012).



1.2 Species responses

Understanding how species respond to urbanization is critical if we are to
effectively manage and conserve biodiversity in cities. This is because the
urbanization process is inevitable given the global rise in the human population
size, coupled with the trend of increased rural to urban migration. The assembly
of a biological community is guided by a limited set of drivers, their relative
importance fluctuating over time and space. On a regional level, factors such
as speciation, extirpation and dispersal are important. Local community
assembly is a complex process, often resulting from a combination of factors
that influence species interactions, cohabitation, and extirpation (Huston, 1999;
Mittelbach et al., 2015). Human influence, and urbanisation in particular, plays
a significant role at all scales, from the local (Fig 1-2) to the regional, ultimately
affecting community assembly and the emergent diversity patterns in cities (e.qg.,

beta-diversity; Fig 1-2).

Possible relationships: Increasing beta diversity

Beta diversity - local diversification

Decreasing beta diversity
- local homogenisation

.
>

Degree of urbanisation of the matrix
(human population density/degree of sealing)
Fig.1-2 possible relationships between the degree of urbanisation within the
urban matrix and beta diversity between similar habitat patches (Meffert and

Dziock, 2013)

1.2.1 Spatial scale

Changes in the spatial scale of analysis can cause variations in a range of
biodiversity patterns, including those involving species richness and
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composition (Wiens et al., 1987; Rahbek, 2005). For example, according to
Ferenc et al. (2019), although the proportion of natural vegetation and habitat
heterogeneity play significant roles in determining urban communities richness
of bird species at smaller spatial scales (Evans et al., 2009; Ferenc et al., 2014,
2016), these effects may not be discernible at large spatial scales (MacGregor-
Fors et al., 2010). At the local scale, Beninde et al. (2015) found that abiotic
and urban design variables were less influential than those concerned with local,
biotic, and habitat characteristics. Other studies have demonstrated effects at
the landscape level on birds in urban settings, typically concluding that
urbanisation around patches of forest and riparian habitats affects the diversity
and abundance of birds inside these areas (e.g., Munyenyembe et al. 1989,
Smith and Schaefer 1992, Bolger et al. 1997, Germaine et al. 1998, Saab 1999),
but these effects have not been consistently demonstrated over a number of

studies (Berry and Bock 1998, Clergeau et al. 1998).

1.2.2 Temporal variation

1.2.2.1 Seasonal observation

Seasonal oscillations are in evidence for the majority of environmental
phenomena, and especially of precipitation and temperature, but even regular
oscillations can show variations that matter from a biological point of view.
These disparities in distribution cause many ecosystems to encounter diverse
seasonal circumstances that can favour completely different populations and
food webs at specific times of the year (McMeans et al. 2015). The further the
site is from the equator, the more significant seasonality tends to be. Numerous
studies have proposed ways in which biodiversity patterns are altered by
temporal fluctuations. For example, although scarce resources and interspecific
competition can cause species to become extinct (Connell, 1978), seasonal
fluctuations in environmental conditions might help similar species persist

(Tilman & Pacala, 1993).



1.2.2.2 Long-term study

Besides seasonal oscillations, long-term observation and historical records
show a connection between successions in the bird community and long-term
environmental change from a decadal perspective. It has been reported that
species richness increases and a trend develops towards less taxonomically
equal assemblages, according to a continental study of 35 years of trends in
the taxonomic composition of local bird assemblages in the United States (La
Sorte and Boecklen 2005). These spatial patterns in historical trends point to
the influences of regional habitat and climatic variations (La Sorte and Boecklen

2005; Stegen et al. 2013).

1.3 Beta-diversity

Species turnover, an essential element of spatial beta diversity, measures shifts
in the composition of species across sites (Tuomisto, 2010a). Processes
connected to geographical variations in efficient species turnover may be
determined to be niche-based or ‘neutral’ on the basis of correlations with
geographic and environmental distance (Soininen et al., 2007). This approach
has recently been expanded to take into account temporal turnover, i.e., the
turnover in species over time (Basset et al., 2015; Hatosy et al., 2013; Matsuoka
et al., 2016) in order to quantify how community composition changes over time
(Collins et al., 2000). Over time, communities may be stable, show directional
change in composition, or stochastic variation. According to Magalhées et al.
(2007), cases also occur where there are cyclic patterns in response to
environmental perturbations, but the scarcity of research into temporal turnover
means that there is insufficient information to differentiate between
anthropogenic and natural change for most systems (Magurran, 2016; Mihoub

et al., 2017).



1.3.1 Homogenization

Biotic homogenization is a significant factor in the current biodiversity crisis and
is thought to significantly impact future trends in biodiversity (Olden & Poff, 2004;
Olden, 2006). Urbanization is regarded as a powerful process in the production
of biotic homogeneity and the loss of biodiversity (Blair, 2001; McKinney, 2006).
While anthropogenic environmental disturbance has typically been seen as
negatively affecting species, it has, in fact, been shown that some species may
benefit from disturbance (Lewis et al., 2009; Williams et al., 2010; Jauni et al.,
2015). Often the study of differential impacts of urbanisation on species focused
on the specialist:generalist dichotomy, although this may be too simplistic
(Kithahara et al. 2000). Most sensitive to loss or modification of habitat are
proposed to be the habitat specialist species (Owens & Bennett 2000; Marvier
et al. 2004; Julliard et al. 2006), whereas generalists are thought to be less
affected, or even benefit from the process. This has led a number of authors to
concentrate on processes leading to specialist species being replaced by fewer,

generalist species, resulting in homogenisation across cities in a region.

Urban biotic homogenisation results in avian communities in urban areas
being more similar to each other than expected (Clergeau et al. 2006, McKinney
2006, Olden et al. 2006). As outlined above, nesting location, food availability,
and temperature are considered the primary factors of bird community
assembly and all these characteristics are influenced by the urban environment,
to the determinant of many species, but the benefit of a few. There may be a
slight increase in local diversity as a result of suburban development (Marzluff,
2014), but diversity will be reduced when natural open space is converted in
large amounts to a dense urban area because communities become dominated
by the small number of species able to withstand and adapt to these conditions
(Andersson 1994, Blair, 1996, Marzluff, 2005, McKinney, 2006, Sol et al., 2014).

Avian trophic guilds are differentially affected, with those belonging to the
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carnivore and scavenging guilds (Kettel et al. 2018) filtered out by the

urbanisation process, for example (Evans et al. 2011).

1.3.2 Winners and losers

Species may be described as "winners" or "losers", in a urban ecological
context, on the basis of how they fare in cities, i.e., whether they are affected
negatively in some way. These effects can be measured in numerous ways. For
example, changes in occupancy (local extinctions and colonization) and
changes in abundance (population trends) are both crucial elements of
biodiversity change and contribute in associated but distinct ways to biotic
change (Dornelas. et al. 2019). Winners may be concentrated in select higher
taxa and ecological groups, leading to even greater homogenisation at higher

taxonomic levels.

It should be noted that, because the ways in which human-modified
landscapes develop is complex, in many cases it may not be as simple as the
replacement of "losers" by invading "winners" (Lobo et al., 2011). As a result,
biotic homogenisation patterns are often complex and noisy. One area of
complexity is that climate change may potentially play a significant role in the
determination of urban winners and losers, with species more adapted to colder
conditions being particularly negatively affected by the combination of

urbanisation and climate change (Tayleur et al., 2016).

1.3.3 Functional traits

Functional diversity refers to the importance and range of species traits that
affect how the ecosystems function (Calow, 1987; Tilman, 2001). Functional
traits are defined as those aspects of an organism that affect its fitness and
function within the environment (Petchey and Gaston, 2006; Swenson, 2014;

Hodgson et al. 2005; Gaucherand and Lavorel 2007). According to McKinney
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et al., (2002), there are particular features and combinations of traits that allow
species to better adapt to environmental changes resulting from urbanisation.
This ability may vary depending on seasonality, location, and the city’s design
(Leveau, 2013), but these urban users are able to handle a wider range of
climatic circumstances and seem to share certain types of traits (Hensley et al.,
2019). For example, urban areas act as environmental filters that prevent the
emergence of specialist species displaying traits including food specialisation,
long-distance migration, and high sensitivity to human disturbance (Seress and
Liker, 2015; Vaccaro, et al., 2022). A great deal of research has looked at the
ways birds adapt to urban habitat from a functional trait perspective. Specific
trait changes, including behavioural and communal traits and physiological

changes, are summarised in Table 1-1 (Patankar et al., 2021).

Table 1-1. The number of research conducted on either single species (<4
species) or large communities (>4 species) for each of the bird attributes

considered (Patrankar et al., 2021).

Traits Number of | Number of | Total
studies studies
(<4 species) (>4 species)
Ecological (diversity, nesting, | 22 73 95
richness, diet, migration,
composition, etc)
Life history (clutch size, breeding, | 20 13 33
activity time range, fitness, etc)
Physiological (body size, | 32 26 58
inflammatory response,
endocrine traits, etc)
Behavioral (fear and stress, | 74 25 99
learning, song, aggression, etc)




Genetic (gene expression, | 4 2 6
genetic changes and divergence,
etc)

Total 148 139 287

1.3.4 Cities’ features that affect bird diversity

In urban areas, a variety of circumstances can affect the persistence of certain
bird species. For instance, places with high population density are likely to keep
fewer trees during the construction period, and to have less ground available in
which the population can plant new trees (Barth et al., 2015). Additionally, such
factors as human activity, the volume of traffic and the amount of noise and light
in metropolitan areas may also impact bird species diversity (Lepczyk et al.,
2008; Parris & Schneider, 2009; Summers et al., 2011). How birds use
particular habitats can be influenced by additional factors including the
presence / absence of interaction partners, including flowering plants and

predators (Suri et al., 2017).

Although guidelines exist for conserving wildlife in urban areas (Soule, 1991;
Shafer, 1997; Magle et al., 2012) which strongly emphasise the importance of
both the pattern and quantity of natural habitat, recent studies have argued that
quantity is more important than pattern, particularly for mobile species such as
birds (Fahrig, 1997; Bunnell, 1999; Harrison and Bruna, 1999; Thomas et al.,
2001; Lichstein et al., 2002; Alberti and Marzluff, 2004).

Although it is clear that many species avoid urban areas, a number of avian,
small mammal and amphibian species have persevered in new or relict habitats
within such areas (Blair, 1999; Blair & Launer, 1997; Riem et al., 2012), such
as urban green spaces (Estevo et al., 2017; Schutz & Schulze, 2015; Threlfall

et al., 2016; Tryjanowski et al., 2017). Urban green spaces also undertake a
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number of additional ecosystem services, such as the filtering of polluted air,
air cooling, and the buffering of noise pollution (Nowak et al., 2006; Ziter et al.,

2019).

1.4This study

1.4.1 Study areas and sites
The study area is the realm of UK covered by the British Trush of Ornithology
(BTO) survey: the Atlas of Breeding Birds in Britain and Ireland (Sharrock, 2010;
Gillings et al., 2019) (Fig. 1-3). To conduct a pairwise study of differences
between urban and rural areas, 100 urban sites and 100 rural sites were
selected using the base level sample unit adopted in the BTO census data of
10 km squares (Fig. 1-4). The classification of “urban” sites was defined as
those with over 30% coverage of urban land use according to the Historic Land
Dynamics Assessment (HILDA) dataset (1.4.2.2 Landcover data), and the “rural”
sites in this study were defined as those with less than 10% coverage of urban
land use. The threshold for “urban” sites was determined according to the urban
percentage ranking list (i.e., all the squares ranked by % urbanization) to ensure
these sites were most “urbanized” and dispersed geographically all over the UK.
Within these constraints, each site was randomly selected and check through
remote sensing data. Those sites located near very large water bodies were
removed as this would causes issues in the percentage cover of terrestrial land

use types within squares.
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0 250 500 km
L SS—

Fig.1-3. A map indicating the location of the study (Great Britain) within
Europe. The British Trust of Ornithology employed grids across the island
to display the 10km x 10km hectads used to sample the British avifauna
over two different atlas periods: BA1970 (1968-1972) and BA2010 (2008-
2011).
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100urban & 100rural < 2 s 74 " 3/ '

Google Earth

Fig 1-4. The site map of this study with urban sites shaded as red and rural

sites as white (based on geographical location on Google Earth).

1.4.2 Bird data and environment data

1.4.2.1 BTO data (Atlas Open Data)
The bird species data are from the BTO atlases of bird distribution (all species),
under the atlas project of the Atlas of Breeding Birds in Britain and Ireland,
including two periods of records: 1968-1972 (referred to as 1970 data) and
2007-2011 (referred to as 2010 data).

The BTO atlas of bird distribution data are records of breeding birds
assembled through the systematic sampling of citizen experts. The atlas data
record breeding and wintering bird species’ presence in the 10km by 10km grid
squares. At least eight out of 25 tetrads (2 x 2 km squares) in each 10-km

square were sampled for a fixed 1 or 2 hours.
13



The dataset comprises 1,410,938 records of 465 bird species in 3,880 grid
cells in the different census periods. Thus, the dataset can be used to describe
stability, colonization and extinction of individual bird species within grids across
a 40 year period. Observation records were available for the breeding status of
each detected species in all grid cells (Gillings, et al. 2019). Comprehensive
methodological information pertaining to survey methodologies may be found
within each atlas publication (Balmer et al., 2013; Gibbons et al., 1993; Lack,
1986; Sharrock, 1976). Small differences in sampling method between the two

periods are as follows:

1970 Data: The survey was conducted by either individuals or teams of
surveyors who visited 10 km squares. During their visits, they focused on the
primary habitats inside each square in order to identify breeding species. The

square was accessible for unlimited visits and durations.

2010 Data: The surveyors conducted fixed-time inspections to tetrads and also
made supplemental records. The recording technique in the 2010 survey was
improved by implementing submission of raw data for every hour, as opposed

to summarising the data across visits. (Gillings et al., 2019).

1.4.2.2 Landcover data
The land use data came from the Historic Land Dynamics Assessment (HILDA)
data set (version 2.0). HILDA is a reconstruction model combining multiple
harmonized and consistent data streams, including aerial photographs, national
inventories, historic land cover products, land cover statistics and historic land
cover maps (Fuchs et al., 2013, 2015). HILDA data resolution is in 1 km squares
and cover the region of EU-27 plus Switzerland, with a ten year time interval for
the period 1900 to 2010. This historical land cover dataset is classified into 6

thematic resolutions, including urban (settlements), cropland, forest, grassland,
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water and others (bare soil or beaches. etc).

1.4.2.3 Human Influence data
The human influence data are derived from the Global Human Influence Index
Dataset (HIl) from the Last of the Wild Project, Version 2, 2005 (LWP-2). The
Human Influence Index (HI) is an index converted from a global dataset with
spatial resolution of 1km grid cells, and was created from a package of layers
related to human activities, including population density, built-up areas, night
time lights, land use, coastlines, roads, and rivers. In this way, it provides an
overall picture of pressures from human population, infrastructure and how
humans use and access the land. It thus provides an integrated measure of
direct human influence on terrestrial ecosystems as recorded by the Wildlife
Conservation Society (WCS) and the Columbia University Centre for

International Earth Science Information Network (CIESIN).

1.4.2.4 Climate data
Climate data were collected from WorldClim (WorldClim - Historical climate
data, https://worldclim.org/data/worldclim21.html, 2020-2022,).

The annual average precipitation data and mean temperature data were
collected from the bioclimatic variables of WorldClim 2. The WorldClim 2
dataset provides climate data for global terrestrial areas at a resolution of about
1km squares. This climate dataset is subject to monthly interpolation of
temperature (minimum, maximum and average), wind speed, vapour pressure,
precipitation and solar radiation (Fick et al., 2017). The bioclimatic variables are
derived from monthly temperature and rainfall values to generate biologically
meaningful variables. The 1970 data and 2010 data were selected from the

dataset for each respective BTO data study period.
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1.4.2.5 Temporal change
Temporal change in richness and composition were calculated based on the
1968-72 and 2007-10 atlas data. The temporal beta-diversity partitioning will be

specified in the next section (Methods).

1.4.2.6 The dataset for this study
The dataset is compiled from the above data to produce one specific dataset
for this study covering all the aspects from species data to environmental data.

The dataset contains the information detailed in Table 1-2.
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Table 1-2 A typical example for columns in the dataset for this study.

Cha = change in a particular land-use type across the two time periods. Acronyms are described in the text.

Sites Urban features Climate data Land use data Bird diversity Other
predictors
grid city population | Precipitation | Temperature | Landcover (%) Species Temporal and | HI (%);
(Prec, (tmax, tmin, | (Forest, crop, grass, richness, spatial  beta- | Classification
cha_prec) tavg, urban, cha_forest, richness diversity [urban or
cha_tavg) cha_crop, cha_grass, change indices rural];
cha_urban) (sne, sor, sim) | Latitude;
Longitude
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The climate means are for the average for that climate variable across the
breeding season (defined as May — July) for a 30-year period. For precipitation,
this is the average across the breeding season for summed precipitation (l.e.,
total rainfall within the 10km? cell). All the “cha” climate variables are the slopes
of an OLS regression through the climate data over the period 1961-2011. For
example, cha_tavg is the slope for average temperature over the breeding
season (May — July). Figure1-5 provides an illustration of how climatic variables

have changed in the UK across the study time period.

Tavg Range Prec

H -30

Fig. 1-5. Heat maps of the temporal change of measures of climate in Britain
during the avian breeding season (March to the end of July) between 1970 and
2010. Tavg: average temperature; Range: the average maximum temperature
minus the minimum for each month; Prec: total precipitation in the breeding

season.

The land use data include the percentage of each type of landcover (forest,
cropland, urban, grassland) within a grid square. Cha_landcover (forest, crop,
grass, urban) is the 1970 land use percentage minus the 2010 land use
percentage. Figure 1-6 illustrates how a selection of the land use change

variables vary across the study system.
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Fig. 1-6. Heat maps of the temporal change observed for various types of land
cover and land use (LULC) between 1970 and 2010. The values represent the

change within each hectad between the 1970 and 2010 periods.

1.5 Methods

Analyses of paired species and environmental datasets that are both spatial
and temporally sampled is necessarily complex. Several complementary
statistical approaches are used here and each are briefly described. The
methods statements in the relevant chapters provide further description and

justification of the approaches.

1.5.1 Temporal beta-diversity
The Sorensen index was used to calculate temporal beta-diversity. Baselga
(2010, 2012) developed a strategy for splitting total dissimilarity into separate
components according to whether the dissimilarity was the result of nestedness
or turnover. The two Sorensen index partitions for a single pair of cells are

displayed below (Equation 1-1).

h+c b
Esﬁl' = Esim + Esne = da+b+e - bh+a

+ c—h a
2a+b+c b+ a

Equation 1-1




where, a is the number of shared species between two cells, b the number of
species unique to the poorest site and ¢ the number of species unique to the
richest site.

Bsor is Sarensen dissimilarity,

Bsim is Simpson dissimilarity (= turnover component of Sgrensen dissimilarity),
Bsne is the nestedness component of Sgrensen dissimilarity (A Baselga et al.,

2012).

1.5.2 Paired t-test
In pairwise tests of variables, a paired t test was used to compare the amount
of change within two groups for the same subjects (Semenick, 1990; Kim, 2015).

The null hypothesis is that the expectation is zero (Hsu & Lachenbruch, 2014).

1.5.3 Generalized linear models (GLMs)
The purpose of generalized linear models (GLMs) as used here is to evaluate
relationships between environmental factors and species richness and beta-
diversity. GLMs use link functions and different families (e.g., normal, Poisson)
to handle non-normal data (Bolker et al., 2009). While the change in richness
can be considered a count variable, the possibility that it could be negative (i.e.,
a decrease in richness through time) made the use of a Poisson GLM
impossible, so the Gaussian GLM was determined to represent the best choice.
To select the best regression model, all models were ranked using Akaike’s
Information Criterion (AIC; Akaike, 1973), a popular way to assess the suitability
of a number of potentially non-nested models. However, due to the presence of
mutli-model uncertainity, all models with a delta AIC value < 2 are also
presented. The explained variance (pseudo R?) was used as a relevant

summary statistic for GLMs (Nakagawa et al, 2013).



1.5.4 NMDS
Non-metric multidimensional scaling (NMDS) techniques were developed by
Kruskal (1964) and Shepard (1972) to the number of dimensions used for
plotting multidimensional data (Matthews, 1978). NMDS strategies make it
possible to visualise relationships between dissimilarities in the composition
matrix and Euclidean distances between species, and were used here to

visualise variation in species composition between urban and rural sites.

1.5.5 PERMANOVA
Permutational multivariate analysis of variance (PERMANOVA) assesses the
simultaneous response of one or more variables to one or more factors in an
ANOVA experimental design through the use of permutation (Anderson, 2014).
It was used in this study to test for significant differences in species composition

between urban and rural squares.

1.5.6 RDA
Redundancy analysis (RDA) was used to examine variations between the sites
in species composition as well as which variables drove this variation. RDA
extends multiple regressions to multivariate response data (Rao, 1964;
Legendre & Legendre, 2012). The examined data are separated into a
response matrix containing the variables to be explained (here, species
richness or turnover within each site) and an explanatory matrix (e.g.,
environmental variables within each site). RDA is discussed in detail in

Legendre and Legendre (2012).

1.5.7 Indicator species analysis
Rather than sample the whole population, a useful approach for monitoring
purposes of ecological management and conservation is the selection of a

group of indicator species’ presence or abundance. The suitability of a species



as an indicator depends on its ability to: i) represent the environment’s biotic or
abiotic condition; (ii) provide evidence of the effects of environmental change;
or (iii) forecast the variety of other species, taxa, or communities in a given area
(Carignan et al., 2002; De Caceres et al., 2010). Indicator species analysis was
carried out by means of the “multipatt” function from the R package “indispecies”
(De Caceres et al., 2016), which calculates species-groups association

patterns of species significantly related with the urban or rural group.

1.6 Research gaps and novelty

Although many studies analyse empirical data concerning the influence of
urbanization on ecosystem (Marzluff et al., 2001), macroecological analyses
are lacking. Some previous studies have focused on the environmental factors
driving variation in species richness and community composition in urban areas.
However, these analyses are undertaken mostly in static time periods over one
to two breeding seasons (Fidino et al., 2017), and typically in individual cities.
Some studies have studied temporal change in multiple bird species, but in
relation to seasonal change (Caula et al., 2008; Leveau et al., 2015; Tzortzakaki
et al., 2018), or simply focused on single species (Paradis et al., 2000; Bonnet-
Lebrun et al., 2020). Similarly, many previous urban-rural gradient studies focus
on only a single gradient (from one city) (Tiwary et al., 2016; Echeverria-Caro
et al., 2022). This study differs from these previous works in that it focuses on
a standardised dataset encompassing multiple urban areas across the UK with
full records of all detected bird species sampled in two time periods across 40

years.

1.7 Aims and scope

This study aims to provide an assessment of how bird assemblages in urban
and rural areas in the UK differ, both spatially and temporally, in terms of a range

of ecological and biogeographic patterns. The following study questions were
6



asked:

)] How have the species richness and community compositions of urban
bird assemblages changed under the pressures of the urbanization
process, as well as broader land use change and climate change, over
a period 40 years? And how does this change compare to that withessed
in rural sites over the same time period?

i) What are the roles of different abiotic factors in driving changes in the
richness and composition of bird assemblages in the UK across space
and time, for both urban and rural sites?

i) Do urban areas have lower spatial beta-diversity than rural areas, and
thus are more homogenous in terms of composition?

iv) What bird species represent the winners and losers as a result of
urbanization in the UK? Linked to this, do any species represent potential

indicators of urbanization impacts?

1.8 Summary of the chapters

Chapter 2 provides an outline of the bird distribution status in multiple UK cities.
The species richness trends and changes between 1970 and 2010 for birds are
examined to understand the urban-rural difference through time.

Chapter 3 studies species richness and beta diversity of birds over time,
and assesses how changes differ between urban and rural areas. A simple
examination of species richness trends and changes between 1970 and 2010
for birds is provided to understand the urban-rural difference through time. The
species richness and beta-diversity indices are taken as response variables
which are influenced by other factors, and explore the possible drivers of the
change and the variation across urban and rural areas.

Chapter 4 examines the spatial variation in bird community composition
across the UK, and tests whether patterns of spatial variation differ between
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urban and rural sites. The results show that there is greater variation in
community composition between rural than between urban sites, and the
human influence index is shown to be and important driver of compositional
differences.

Chapter 5 identifies the winner and loser bird species in regards to
urbanisation in the UK, as well as identifying species that can be used as
indicators of urban and rural land-uses. Finally, Chapter 6 provides a general
discussion of the thesis’ findings, drawing together the results and providing

ideas for future research.



Chapter 2

General temporal trends in UK urban bird assemblages



2.1 Introduction

Ecosystems and biodiversity patterns are being completely transformed by
humans (Blowes et al., 2019). Over the past few centuries, the rate of animal
species extinction driven by anthropogenic pressures—such as habitat loss,
overfishing, pollution, and climate change—has been extraordinarily rapid
(Ceballos et al., 2015). Urban regions typically have a relatively high human
population with a great number of human needs, such as living space and
energy supply, making them one of the most anthropogenically transformed
landscapes globally. As a result, habitats are severely fragmented and the local
climate is disturbed, both of which have a detrimental effect on biodiversity.
Studies have shown that many native species are either not present in cities or
are less abundant in urban areas than they were in the original rural
environments (Tratalos et al., 2007; Grimm et al., 2008), which leads to higher
biotic homogeneity and additional loss of biodiversity (McKinney, 2006; Devictor
et al., 2007). Of all land use types, it has been shown that many big cities have
the highest local species extirpation rates (Chace & Walsh, 2006; Marzluff et
al., 2001; McKinney, 2002).

Researchers in the UK have started to look closely at the variables
influencing the distribution and abundance of birds in urban areas (Chamberlain
et al. 2004; Tratalos et al. 2007, Fuller et al. 2008, Evans et al. 2009), as well
as temporal trends in bird feeding in residential gardens in towns and cities
(Plummer et al. 2019). Since the 1960s, the UK populations of several birds
have decreased, to the point where many are now considered rare or
endangered (Barnes et al., 2021). The status of British bird populations is
continuing to worsen, according to the fifth review of Birds of Conservation
Concern (BoCC5), which evaluated 245 species and updated their allocation to

Red, Amber, and Green lists of conservation concern. The number of species
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on the Red List has increased from 36 at the time of the initial 1996 evaluation

to 70 (or 29% of those reviewed) (Stanbury et al., 2021).

Knowing how bird species and communities react to urbanization is
essential if successful urban plans and biodiversity conservation strategies are
to be designed and implemented (Croci et al., 2008; Jokimaki et al., 2018).
Many studies discussing the impact of urbanization explain species change
over time by focusing mainly on local scales and a specific city or a few local
areas (Blair, 1996). Some studies focus on larger scales when comparing rural
and urban avifauna (Arison, et al., 2014). For example, Tryjanowski et al. (2015)
analysed winter bird richness in 26 urban areas across Poland and suggested
that the main driver affecting bird communities is food resources. However,
these analyses were undertaken only in static (i.e., single) time periods and
there is a need for larger scale studies covering more representative cities and
samples from multiple time periods in order to find the general patterns of bird

diversity change under the pressure of urbanization (Tryjanowski et al., 2015).

The purpose of this chapter is to provide an outline of bird distribution
patterns in multiple UK cities. Study sites were selected along an urban-rural
gradient to enable comparisons to be conducted between urban and rural areas.
Each site is combined with meta data associated with human influences,
including land use composition, climate data, geographical position and human
population. A simple examination of species richness trends and changes for
birds between 1970 and 2010 is provided to understand the urban-rural
difference over time. Species richness and beta-diversity indices are used as
response variables and the possible drivers of changes in these variables, and
the variation across urban and rural areas, is explored. The aim of this chapter
is to provide a general overview of the bird assemblages of the thesis study

sites, providing the necessary context to develop the subsequent three
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empirical chapters.

2.2 Materials and methods

To avoid unnecessary repetition across chapters, all the detailed information
regarding the data and calculation of the response variables are provided in the
previous chapter (Introduction, Materials and Methods). As such, this section

just provides a brief overview of the data and analytical strategy.

2.2.1 Study areas and data selection

This study covers the area of Britain including England, Scotland and Wales.
The bird data used are from the British Trust for Ornithology (BTO) breeding
bird survey, and two time periods were analysed: 1968-1972 (referred to as
1970) and 2007-2011 (2010). The BTO Bird Atlas data are records of breeding
and wintering bird species detected in 3,880 grid squares (10 km grid cell size)
and the dataset contains 1,410,938 records detailing detections of 465 bird
species (Gillings et al., 2019). 100 urban squares were selected as well as 100
rural squares. Species richness of each square in each of the two time periods
was used as a response variable, as was change in richness between the two
time periods, and compositional change measured using Sorensen’s (temporal)
beta-diversity index. The climate data were collected from WordClim (version
2020-2022), containing monthly temperature, precipitation, solar radiation,
vapour pressure and wind speed (Fick et al., 2017). For each grid square, land-
use data were sourced from Historic Land Dynamics Assessment (HILDA) data
sets (version 2.0), Human Influence data were taken from the Last of the Wild
Project, Version 2, 2005 (LWP-2). The sampled squares were 10x10 km areas
as shown in Fig 2-1 below, containing 1 km square land use pixels according
to the HILDA data resolution. Each 10km square thus contains 100 1km pixels
of land use type.

12



- 710 =urban
[ 1 =cropland

B 2 =forest
Il 3 =grassland
I 4 =otherland

. [ 5 =water

Fig 2-1 The left hand plot shows the land cover status of a randomly sampled
grid square, while the right hand plots shows the general land cover status of
the UK. The classification of land cover types in the legends are those defined
by HILDA. In the left plot, each pixel represents 1 km square resolution, and

therefore the percentage of a certain type of land cover is easily calculated as

the number of selected pixels over 100.

2.2.2 Analysis

A paired t test was used to compare the mean richness, mean richness change
and mean temporal beta-diversity (Sorensen index) between the two time
periods (1970 and 2010), between urban and rural grid squares. In all cases,
the null hypothesis was that there was no significant difference between urban
and rural squares. OLS linear regression models were used to test for linear
relationships between the human influence index and 2010 richness, richness

change (between 1970 and 2010), and temporal beta-diversity, for urban and
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rural squares separately. ANCOVA was used to test for significant differences
in slope between urban and rural sites, for each relationship. Finally, to assess
how patterns changed across the UK, the models and ANCOVA were re-run

using latitude as a predictor.

2.3 Results

Over the 40 years from 1970 to 2010, British birds have experienced long term
climate and environmental changes likely to affect species richness and
diversity. By comparing the total species richness in 1970 and 2010, it is found
that in 1970, the average richness of rural birds (i.e., birds in the rural grid
squares) were 75 species, slightly larger than that of urban birds (i.e., species
in the urban squares) at 74. However, the 2010 result is opposite; the urban
squares have a larger average species richness (76), while the average species
richness for rural birds remained at 75. However, the differences are clearly
small and the mean value of species richness between urban areas and
between rural areas was not significantly different between 1970 and 2010

(paired t-test P> 0.05; see Table 2-1).

2.3.1 Species richness
Table 2-1. Comparison of urban and rural communities between 1970 and
2010 with pairwise t-tests comparing richness change and beta-diversity

between urban and rural squares

Class | Species richness | Richness Beta-diversity | P-value
1970 2010 change (beta.sor) (t-test)
Urban | 74.08 76.01 1.93 0.2047 0.1585

(richness change)

Rural | 75.20 75.01 -0.19 0.1852 0.0025(beta.sor)
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Similar to the mean values of species richness, the distributions of richness
values were similar in urban and rural squares, for both 1970 and 2010 (Figure
2-2). However, the amount of richness changes and compositional change
differed between urban and rural squares. The boxplot in Figure 2-2 shows that
the median value of temporal change of species richness (measured using
Sorensen’s beta-diversity) over 40 years was higher in urban areas than in rural
areas. The results of paired 2 sample t-tests showed that there is significant
deviation in beta-diversity between rural and urban areas (p-value (beta.sor) =

0.0025), but not in terms of richness change (Table 2-1).

In general, the number of bird species in urban areas was not significantly
different from the number in rural areas in the same time period, but the
situation changes when comparing the 2010 data with the 1970 data in regard
to species composition. To understand how the rural and urban bird
communities shifted over the 40-year period, it is necessary to establish the

drivers of this change.
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Figure. 2-2 Boxplots comparing distributions of species richness (in 1970 and
2010) (top row), richness change between the time periods (bottom left), and
compositional change (bottom right), measured using the Sorensen beta-

diversity index, between rural and urban squares.

2.2.1 Human influence

As outlined in the previous section, there are significant differences between
rural and urban areas in terms of temporal beta-diversity. As the two groups of
sites are selected according to the percentage of urban landcover, the impact
of human activities in urban areas may be important in explaining the rural-
urban difference. The Human Influence Index (HI) was used as a composite
index of human activities covering human population pressure, human land use

and infrastructure, and human access. In order to evaluate the impacts of
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human activities on species change, the Human Influence Index was related to
species richness and the temporal beta diversity index using linear regression
(Fig 2-2 and Fig 2-3). The HI value for the rural areas ranged from 15 to 40,

while in urban areas it was, as expected, higher, between 40 and 65.

Urban Rural
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1
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Human Influence Human Influence

Figure 2-3. Relationship between the human influence index and species
richness in 2010, for urban and rural grid squares. The black line is the fit of a
linear regression model. Note, not all fits are significant (P-values presented in

the text).

Fig. 2-3 shows the result of comparing species richness in 2010 with the human
influence indices. There was a slight negative but non-significant (slope =-0.24,
P = 0.38) slope in urban areas and a slight positive but non-significant trend in
rural areas (slope = 0.15, P = 0.41), indicating that human influence generally
reduced species richness in urban areas, but had the opposite effect in rural

areas, but the effects were relatively small and non-significant.
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Figure 2-4. Relationships between human influence and richness change &
beta diversity (between 1970 and 2010), for urban and rural squares. Black
lines are least square regression fits. Note, not all fits are significant (P-values

presented in the text).

Fig. 2-3 illustrates the effect of HI on changes in species richness and beta
diversity between the two time periods. In the urban areas, both species
richness change (slope = 0.46, P = 0.08) and temporal beta diversity (slope =
0.0044, P = <0.001) increased with increasing human influence, while the
opposite trends were observed for rural areas (slopes = -0.096, P = 0.62 for
richness change; slopes = -0.0012, P = 0.13 for temporal beta diversity),
although the latter were non-significant. To examine the difference between

rural and urban regression lines, for each response metric, an analysis of co-
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variance (ANCOVA) was undertaken.

Table 2-2 Analysis of Covariance Table for richness change. HI = human
influence index; Type = urban or rural. + additive predictor effects; * interactive

effects.

Model F P

Model 1: Richness change ~ HI + Type

Model 2: Richness change ~ HI * Type 2.85 0.09

Table 2-3 Analysis of Covariance Table for temporal beta-diversity. HI =
human influence index; Type = urban or rural. + additive predictor effects; *

interactive effects.

Model F P

Model 3: Beta.sor ~ HI + Type

Model 4: Beta.sor ~ HI * Type 17.49 <0.001

Table 2-3 presents the ANCOVA (analysis of covariance) results for both
richness change and temporal beta-diversity. For the pair of models 1 and 2 in
Table 2-3, ANCOVA indicates there is no significant difference in the slope of
the richness change—HI relationship between urban and rural sites. In
contrast, there is a significant difference in the slopes between urban and

rural sites for temporal beta-diversity (Models 3 and 4; Table 2-4).

2.3.2 Latitudinal variation

It is important to consider that results may vary across the UK for reasons
other than HI. As such, the analyses were re-run using latitude as a predictor
rather than HI. The results (Fig 2-5) indicate that there is a positive
relationship between latitude and beta-diversity (beta-diversity increases in

sites toward the north of the UK), but not for species richness change other.
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The lower 2 plots in Fig 2-5 show the significant positive trend between beta-

diversity and latitude, with a slope of 0.0073 for urban (P = 0.0177) and

0.1170 for rural (P < 0.001) sites.
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Fig 2-5. The relationship between latitude and species richness change

(1970-2010) / beta-diversity. The least square regression fits are presented in

the plots.

Table 2-4 Analysis of Covariance Table for richness change and latitude. Type

= urban or rural. + additive predictor effects; * interactive effects.

Model F P
Model 5: Richness change ~ latitude+Type
Model 6: Richness change ~ latitude*Type 0.603 0.4384
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Table 2-5 Analysis of Covariance Table for temporal beta-diversity and
latitude. Type = urban or rural. + additive predictor effects; * interactive effects.

Model F P

Model 7: Beta.sor ~ latitude + Type
Model 8: Beta.sor ~ latitude * Type 1.40 0.23813

Tables 2-4 and 2-5 present the ANCOVA results for both richness change and
temporal beta-diversity, with latitude as the continuous predictor. The results
indicate that there is no significant difference in the slope of the richness
change — latitude relationship between urban and rural sites. It is thus inferred
that there is regional variation in the relationship between latitude and beta-
diversity, but this is the same for urban and rural sites. In conclusion, avian
temporal beta-diversity differs from south to north, and this regional variation

is not affected by the urban-rural classification.

Besides HI and latitude, the effects of other environmental factors on species
richness and beta-diversity were also examined, including land cover types,
temperature and precipitation. However, no significant relationships were

observed. More details are included in the appendix (Figure A2-1 to A2-4).

2.3 Discussion

Primary analysis was conducted in this chapter to explore patterns of change
in species richness and temporal beta-diversity between 1970 and 2010,
separately for urban and rural squares. The results show that the urban bird
communities were not significantly different from the rural bird communities in
terms of mean species richness. For the temporal analyses, although the total
species richness did not fluctuate drastically, it was found that species
composition change through time did differ, with greater change observed in

urban communities. Additionally, there was an observed rise in temporal beta-
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diversity as one moved from the south of the UK to the north. The observed
regional variation was shown to be unaffected by other environmental
parameters, including the urban:rural classifier. The land cover map shown in
Figure 2-1(b) presents a general observation that the northern regions (higher
latitudes) exhibit a larger prevalence of wooded areas, while the southern
regions (lower latitudes) show a greater extent of arable and urbanised land.
However, it is important to note that this research did not find a statistically

significant association between latitude and land cover type.

In this analysis, it was interesting to find that the bird species richness and
beta-diversity in urban areas was very close to that in rural areas in 1970, and
the total number of species detected in urban sites even exceeded those in
rural areas in 2010. In previous studies, rural habitat with less urbanization
pressure has been found to contain more species and higher diversity than
urban habitats (e.g., Chamberlain et al., 2018; Dadam et al., 2019). Several
studies indicate that some features in urban habitats may have positive
effects on some particular species, such as urban-dwelling birds (Chapter 5;
Chace & Walsh 2006; Evans et al., 2009; MacGregor-Fors et al., 2009). For
example, MacGregor-Fors’ study (2011) provided evidence that the features
and prosperity of vegetation cover in cities are positively related to urban bird
generalist species richness and abundances (Lim & Sodhi 2004; Melles 2005;
MacGregor-Fors 2008). However, this result does not support the hypothesis
that the urban environment is more attractive than the rural environment for
birds. Bird community structure is not simply a function of species richness
but also species abundance and composition (Clergeau et al., 1998). In this
study, the analysis was based on BTO Atlas data, which is a collection of
binomial data representing species presence and absence for each sampling
grid square. For further analysis, species abundance and density data are

needed in order to better evaluate bird community differences between urban
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and rural areas.

Considering the effects of human influence on bird communities, it was
found that human influence played an important role in the urban-rural
disparity, particularity in regard to composition change (i.e., temporal beta-
diversity), where the Hi-beta-diversity relationship significantly differed
between urban and rural areas. The HI had a negative relationship with
species richness and beta-diversity in rural areas. Many ornithological studies
have demonstrated that the species richness and beta-diversity of bird
species declines with increasing artificial disturbance (e.g., Batten 1972;
Hohtola 1978; Bessinger & Osborne 1982; Bezzel 1985, Jokimaki 1992).
However, for urban areas with higher levels of human disturbance, the effect
of HI was positive for urban bird communities, which means that birds living in
the urban environment tend to concentrate in more “urbanized” areas. The
idea that certain species do well in highly disturbed environments (i.e., the
winners of urbanisation) is examined more closely in Chapter 5 of this thesis.
Previous studies have shown that urbanized areas provide extra heat and
food supplies, which possibly attracts generalist species, and human-related
food resources for birds can have massive ecological impacts on birds'
abundance, distribution and behaviour, especially during winter (Tryjanowski
et al, 2015). While such processes are also likely to occur in rural areas to
some extent, it is likely that they occur at much higher rates in urban areas
due to the greater density of humans.

Human influence (HI) may be assumed to have a strong linear association
with biodiversity change metrics. However, the effect of HI on temporal beta-
diversity differed between the urban and rural sites. This is likely partly
because the categorization techniques used to identify "urban" regions here
can result in the inclusion of other land covers, such as agricultural areas and

artificial green spaces inside cities. In addition, as the HI is a compiled index
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including multiple aspects of human activities (e.g., land use condition,
infrastructure, population density and human access efficiency), further study
is needed to identify the detailed mechanisms by which each type of artificial
factor reshapes the habitat, with subsequent influence on bird species’
richness and diversity. Further discussion about additional possible drivers of
human influence will be conducted in the following chapters. For example,
climate change and land use change will be discussed and their contribution
to the observed richness change and temporal beta-diversity will be
evaluated.

It should also be noted that the classification as urban or rural in this study
is derived solely from the percentage of land use types within a grid square.
The shape, distance, location and nestedness of different land cover types
are not discussed in this study. However, these topological conditions are
likely important drivers of changes in bird distributions and beta-diversity (e.g.,
Clergeau et al., 2001; Fischer et al., 2011; Redlich et al., 2018) in the
sampling areas, where habitat is often highly fragmented and disturbed due to
human activities. In more fragmented landscapes like highly urbanized areas,
the rates of extinction and turnover are higher at local scales, while bird
communities can sometimes be seen to be functioning as meta populations at
a regional scale (Boulinier et al., 2001). Therefore, in interpreting the results
presented in this chapter, it is important to bear in mind that they relate to
regional scale patterns and should not be used to make inferences regarding
very local scale population change. Overall, the results here have illustrated
that there are some notable differences in changes in avian community
structure across time in the UK as a function of urbanisation, but that such
change is partly obscured when one focuses only on species richness
differences. This finding sets up the subsequent three chapters, providing
general context of the study system and an overview of the main differences

between urban and rural bird communities in the UK.
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Chapter 3

Temporal variation in the composition of UK bird
communities: a comparison of urban and rural

assemblages
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3.1Introduction

The process of urbanization involves many aspects of environmental change
and has had profound effects on biodiversity (Aronson et al., 2014). Many bird
species are sensitive to the environmental change caused by urbanization,
which can have important environmental consequences given that birds play a
vital role in both the structure and function of ecosystems (Tanalgo et al., 2015).
Research has shown that bird species might respond differently to urbanization
in different biogeographical areas (Gonzalez-Oreja, 2011; Leveau et al., 2017;
Ortega-Alvarez and MacGregor-Fors, 2009). Learning about the mechanisms
of avian community response to urbanisation will help us better predict the
degradation of ecosystems under the pressure of urbanization (Simmonds et
al., 2019). Most studies of urbanisation impacts on biodiversity use a space-for-
time substitution process, e.g., urban-rural gradient studies (Clergeau et al.,
1998; Garaffa et al., 2009; Mao et al., 2019; Pithon et al., 2021). However, to
truly understand the impacts of urbanisation, it is necessary to look at changes
in community properties across time, and to see how such changes manifest in
both urban and rural control areas. In addition, as was made clear in Chapter
2, it is important to look not only at changes in species richness, which most
previous studies have done (e.g., McKinney, 2008; Choate et al., 2018), but
also to changes in composition, which may be quite severe even in the face of

minimal richness change.

Climate is one of the most important determinants of the distribution of many
bird species (Root, 1988; Mehlman, 1997; Venier et al., 1999). Considerable
evidence suggests that global warming is strongly affecting terrestrial
ecosystems, including the earlier occurrence of such spring events as leafing,
bird migration and egg-laying, and poleward altitudinal shifts of avian species.
Moreover, a combination of climate change and other disturbances is likely to
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exceed the resilience of many ecosystems and lead to biotic degradation
(Sekercioglu et al., 2012). The change in climate change has been proven to
affect the geographical distribution of avian communities in Europe (Hughes,
2000; McCarty, 2001). European bird monitoring data show that bird species
distributions have changed as predicted in the 21st century due to climate
change (Huntley et al., 2008; Gregory et al., 2009), and the record of long-term
bird monitoring projects in North America matches the European experience

(Stephens et al., 2016).

Land use changes are important drivers of geographical distribution shifts
and changes in richness in birds. Under the pressure of global urbanization, the
natural land cover is being replaced as human activities modify land use. In
recent decades, anthropological modified land use change has caused a
widespread loss of habitat and decline in biodiversity and is recognized as a
major driver of the current biodiversity crisis, receiving a great deal of attention
from researchers (Myers et al., 2000; Brooks et al., 2002; Tasser et al. 2008;
Zimmermann et al. 2010). As birds are known to be sensitive to vegetation
structure, the change of vegetation composition is a deterministic factor
affecting bird species’ diversity (Cody, 1985). Native bird species, which usually
rely on original natural habitat, mostly have reduced fitness in modified habitats
marked by drastic change in the original habitat’s structure (Gascon et al.,
1999). In addition, current studies suggest that the effects of land use change
on biodiversity might be seriously underestimated as biota need time to respond
to environmental change and lags exist between the loss and degradation of
habitat degradation and the extirpation of species (Dullinger et al., 2013;

Ruidisser et al., 2015).

Apart from drivers such as climate and land use, additional anthropogenic

variables in cities also influence urban bird communities, including population
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density, traffics and roads, lighting conditions, etc. For example, a study based
in Sheffield linked avian population dynamics with the size of the surrounding
human population (Fuller et al. 2009), and Gagné’s 2016 study found that
human population size has a negative effect on species richness, with
impervious surface cover and air pollution also drivers of species reduction. A
study by Melles (2005) also found connections between urban bird diversity and

neighbourhood socio-economic characteristics.

There is increasing appreciation that the focus on species richness does not
explain the whole story of changes in biotic communities through time in
response to different drivers. Indeed, there is a growing recognition that such a
focus does not accurately reflect the functional features of biodiversity (Gagic
et al., 2015; Bregman et al., 2016). To better understand how bird communities
respond to environment changes from a functional perspective, the analysis of
functional guilds and functional traits is required; this provides deeper insights
into the relationship between environmental factors and avian community

dynamics (Barnagaud et. al. 2017)

The aim of this chapter is to study the patterns of bird species richness
change and temporal beta diversity under urbanization processes, across a
forty-year time period (1970-2010). All the study sites are selected along an
urban-rural gradient to enable comparisons to be carried out between different
habitat types. Each site has sourced meta data associated with human
influences, land use composition, climate data, geographical position and
human population. Species richness change and beta-diversity indices are
used as response variables, and a range of predictors are used explore the
possible drivers of the change and the variation across urban and rural areas.
As outlined above, most studies of urbanisation impact on birds use a spatial

framework. While studies have discussed avian temporal change in cities,
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these are mostly concerned with seasonal change (e.g., Leveau et al. 2015).
This chapter takes a different approach, focusing on large-scale temporal
change in avian assemblage richness and composition, and how such changes
vary across an urbanisation gradient. Furthermore, an examination of certain
avian functional groups and their relationships with the different environmental
variables was undertaken to provide a complementary perspective to the

taxonomic diversity-focused research.

3.2 Materials and methods

To avoid unnecessary repetition across chapters, all the detailed information
regarding the data and calculation of the response variables are provided in
Chapter 1. As such, this section just provides a brief overview of the data and

analytical strategy.

3.2.1 Study areas and data selection

This study covers the area of Britain islands including England, Scotland and
Wales. The bird data used are from the British Trust for Ornithology (BTO)
breeding bird survey, and two time periods were analysed: 1968-1972 (referred
to as 1970) and 2007-2011 (2010). The dataset used in this chapter includes
landcover data from Historic Land Dynamics Assessment (HILDA) data sets
(version 2.0), climate data from WorldClim (http://worldclim.org/version2), and
Human Influence data from the Last of the Wild Project, Version 2, 2005 (LWP-
2). Richness change and temporal beta-diversity were used as response
variables.

In chapter 2, only overall temporal beta-diversity (Sorensen index; Beta.sor)
was analysed. Here, | further partitioned Sorensen’s index into turnover
(Beta.sim) and nestedness (Beta.sne) components, and analysed patterns in

these in addition to Sorensen’s index. The approaches for calculating and
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partitioning beta-diversity indices were proposed by Baselga (2010, 2012).

3.2.2 Data analysis

3.2.2.1 GLMs
Gaussian generalized linear models (GLMs) were used for evaluating the

relationship between environmental factors and species richness change and
temporal beta-diversity (Table 3-1). While richness change can be considered
a count variable, as it could be negative (i.e., a site lost richness), it was not
possible to use a Poisson GLM. All the models were first built using all
predictors, including climatic factors, different types of land use change,
including “forest”, “grassland”, “arable” and “urban”, “tavg” (which stands for the
slope of average temperature change), and “prec_cha” (the slope of
precipitation change over the breeding season). A site’'s urban:rural
classification was also included as a categorical predictor. In order to select the
best model in each case, a full set of models considering all possible
combinations of predictors were fitted using the MuMIn R package (Barton et
al., 2015) and ranked using the Akaike Information Criteria (AIC). The model
with the smallest AIC was selected as the best. However, given there may be
multimodel uncertainty, all models with AAIC < 2 are also presented (Burnham
& Anderson, 2002). A pseudo R? was calculated as a measure of the explained
variance (R?) as 1- (deviance of the best model/ deviance of the original
hypothetical model) (Nakagawa et al, 2013). Variable importance values were
calculated as the sum of AIC weights across all models in which a predictor was
included. To deal with potential spatial autocorrelation, a spatial autocovariate
was constructed using the co-ordinates of the grid squares (radius of 50km
around each site) and the spdep R package (Bivand et al., 2015). This
autocovariate was used as a normal predictor variable in the model selection.

All continuous predictor variables were scaled (mean = 0, SD = 1) to enable
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easier comparison of model coefficients. Variance inflation factors were used to

check for multicollinearity between predictors (all VIFs were < 10).

Table 3-1. The response and predictor variables used in the GLMs

Response variables predictors

Species richness change 1970- | Change in forest areas amount
2010 Change in arable area amount
Beta.sor Change in grassland area amount

(total temporal beta-diversty) Change in urban area amount

Beta.sne Slope of temperature change
(temporal nestedness) Slope of precipitation change
Beta.sim Classification of sites (urban:rural)
(temporal turnover) HI
Latitude
3.2.2.2 RDA

Redundancy analysis (RDA) seeks to project the variation between urban and
rural bird communities and how this variation is related to different environment
explanatory variables (McArdle & Anderson, 2001). RDA was used to examine
which variables were important for driving compositional differences between
urban and rural sites. The CCA (Canonical Correspondence study) approach,
as described by Ter Braak (1986), serves a similar function. In addition, the
DCA (Detrended Correspondence Analysis) procedure, introduced by Hill and
Gauch Jr (1980), can be used to enhance the study of many variables in the
RDA. In the present investigation, using DCA it was observed that the lengths
of the gradient of the species data were found to be less than 3 (Table A2 in the
appendix). This indicates that the distributional shape of the data is more linear

rather than unimodal (Borcard et al., 2011). Consequently, RDA is preferable to
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CCA and was thus used here.

This analysis contains 8 selected different abiotic factors which have been
found to be influential in previous chapters, including human influence (HI),
average temperature in 2010 (tavg_10), change in average temperature across
1970-2019 (slope_tav), precipitation in 2010 (prec_10), change in precipitation
(slope_prec), forest percentage in 2010 (forest_10), cropland percentage in
2010 (crop_10) and mean elevation (mean_elev). Human influence and
urban_10 (urban percentage in 2010) were highly correlated (r = 0.89) and thus
urban_10 was taken out of the analysis. An RDA model was fitted using all
predictors and the rda function in the vegan R package. A backward selection
process was employed to simplify the model, following the procedure outlined
in Borcard et al (2011). The full RDA model was plotted using two triplots (both
using scaling type 3), one plotting the sites (distinguishing between urban and

rural sites) and one plotting functional groups.

3.2.3 Functional groups

To assess how composition patterns changed across different functional groups
of birds, all species were classified based on their trophic niche (carnivore,
herbivore and omnivore) and residency status (migrant vs. resident), using
information in the AVONET database (Tobias et al., 2022). Both of these traits
have been shown to be important in the ecology of birds and their response to
disturbance (Tobias et al., 2022). For example, migrants have been shown to
be particularly susceptible to human impacts, as they may experience change
in both their breeding and wintering grounds. Across all the rural and urban sites,
the frequency of these different categories of bird were then counted. As such,
this is not a species-level analysis per se, but accounts for the frequency of
species across sites (e.g., if a blackbird is present in 50 urban and rural sites,
it is counted 50 times). The proportions of the different groups across the two
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sampling periods (1970 and 2010), and across urban and rural sites separately,
were then assessed. An RDA analysis was then undertaken, using the
functional grouping composition within sites as the objects of focus rather than

species composition.

3.3 Results

In order to study the drivers of temporal change in species richness and
composition (temporal beta-diversity) of birds across 40 years from 1970 to
2010, changes in land use amounts and climatic change were used as predictor
variables in a set of generalized linear models, with species richness change
and beta-diversity indices as response variables. Due to its potential
importance, 1970 species richness (initial richness) was also included in the
models to account for species richness effects, as was a spatial autocovariate
to deal with spatial autocorrelation. The final best models were selected based
on AlIC values, combined with the relative importance weight ranking list of each
predictor variable. It should be noted that the “best model” only means the
model with the lowest AIC value, and this is not necessarily the “true” model.
For each analysis, for ease only the best model is presented in the text, while
all models with AAIC < 2, as well as the variable importance values for all
predictors, are presented in the Appendix (Tables A4-1 to A4-8). It is worth
stressing that for all model analyses there was some degree of model
uncertainty, i.e. multiple models with AAIC < 2. However, the best model always
contained the variables with the largest variable importance scores, and thus
discussion of the best model is roughly equivalent to discussing the variables

with the highest importance scores.
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Figure 3-1. Boxplots of the turnover (sim) and nestedness (sne)

components of overall temporal beta diversity, across urban and rural squares.

The plots in Figures 3-1 above and boxplot in Chapter 2 show the general
patterns of species richness change and beta-diversity between urban and
rural areas. As outlined in Chapter 2, species richness change in rural areas is
not significantly different from that in rural areas. However, the results of beta-
diversity indices show that the Sgrensen dissimilarity (beta.sor) in urban areas
was generally higher than in rural areas. Figure 3-1 indicates that this pattern
of greater temporal beta-diversity in urban areas was driven by greater

turnover rather than nestedness.

3.3.1 Species richness models

Table 3-2 GLM results using richness changes as the response variable.

Model summary corresponds to the best model identified using AIC based

model selection

Predictors Importance | Estimate | P Significance
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(descending)

Spatial auto covariate | 1.00 1.8852 0.000313 | ***
(A3)

X1970_pred (1970 | 1.00 -5.3276 3.44*10714 |+
richness)

Slope_tmin (slope of | 1.811 1.53 0.01428 *

minimum temperature)

Latitude 0.59 1.3851 0.06774
Slope_precipitaion 0.44 -1.0876 0.1116

Best: A3 + slope tmin + X1970 pred + lat + | AIC = | pseudoR? =
Slope_precipitation 1448.713 | 0.32

(Significance codes: 0 ***’; 0.001 **’; 0.01 *’; 0.05 ".’)

Table 3-2 shows the 5 predictor variables in the best model for richness
change as the response variable: the spatial auto covariate, 1970 species
richness, the slope of change of minimum temperature (during the 1970

breeding season), latitude and the change of precipitation.

According to the best model, species richness change is positively related
to the change of minimum temperature, but has a negative relationship with
the 1970 richness. Thus, the results imply that rising minimum temperatures
are promoting bird species richness, and that sites with higher 1970 richness

tend to experience less change.
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None of the land-use change variables were selected in the best model,
and the variable importance values for these were low. In addition, the
urban:rural site classification variable was also not included in the best model.
Overall, it appears that, for the change in species richness, the bird
community’s initial diversity matters most, which matches with the findings in

Chapter 2.
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Figure 3-2 Relationship between initial site richness and richness change
(from 1970 to 2010). Points are coloured based on a site’s urban:rural
classification. All predictor variables were scaled to ensure a mean value of 0

and standard deviation of 1.

Figure 3-2 displays the relationship between initial richness and richness
change, with rural and urban sites presented in different colours. The plot
illustrates well that there is a clear declining trend between richness change
and 1970 richness, i.e., the richness change is higher in the sampling sites
which initially have lower richness in 1970. Thus, it is clear that this is a strong

pattern in UK bird communities at this scale, which may have substantial
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implications regarding community resilience (i.e., higher diversity = higher

community resilience).

3.3.2 Beta diversity models

In this subsection, the temporal beta-diversity indices were used as response

variables: beta.sor, beta.sne and beta.sim (as presented in Table 3-1).

Table 3-3 GLM model summary using beta.sor (the Sgrensen dissimilarity index)

as the response variable. Results are presented for the best model found using

AIC model selection.

Predictors Importance | Estimate P Significance
(descending)

X1970_pred (1970 | 1.00 -0.01325 9.95*106 | **

richness)

Latitude 1.00 0.01362 6.08 *106 | ***

HI 0.79 0.01069 0.000238 | **

Best : HI + lat + X1970_pred AIC = - |pseudoR? =

714.8 0.26

(Significance codes:

0 “***;0.001 **;0.01 " ;0.05")

Table 3-3 shows the predictors (1970 richness, latitude and HI) included in

the accepted best model for the Sgrensen dissimilarity index (beta.sor). The

best model result indicates that 1970 richness is negatively associated with

beta.sor, while the HI index has a positive relationship with beta.sor. The

results also show that the spatial covariate was not in the best model. As

such, the results indicate that initial site richness is still important in terms of

temporal beta-diversity. Again, land use change variables did not feature in

the best model, and all had low importance scores.
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Table 3-4 GLM model summary using beta.sim (the Simpson dissimilarity index)
as the response variable. Results are presented for the best model found using

AIC model selection.

Predictors Importance | Estimate | P Significance
(descending)

Latitude 0.99 0.3009 0.000237 | ***

X1970_pred (1970 | 0.65 -0.006835 | 0.04691 *

richness)

Change of average | 0.65 0.008077 | 0.05577

temperature

HI 0.54 0.009841 | 0.005191 | **

Change of crop 0.51 -0.005553 | 0.1170

Best : HI + lat + slope tav + X1970 pred | AIC = - | pseudoR?

+cha_crop 652.531 =0.15

(Significance codes: 0 “**’;0.001 **"; 0.01 **; 0.05".")

Table 3-4 shows the predictors (1970 richness, latitude, HI, change of
average temperature and change of crop land) in the best model for the
temporal Simpson dissimilarity index. The best model indicates that the
beta.sim decreases in those sites where the 1970 richness and change of
crop cover percentage is higher. In addition, the HI shows a positive trend with
beta.sim, which means that the more artificially disturbed areas sustain higher
temporal turnover than the less disturbed areas. In contrast to the beta.sor
model, here land-use change (specifically change in crop amount) was
included in the best model, but the negative coefficient is counter-intuitive as it
indicates greater land-use change equates to lower temporal compositional
turnover. Figure 3-3 presents the relationship between 1970 richness and
turnover (Simpson’s dissimilarity index). There is still a negative relationship

between the two, although the trend is less clear than for richness change.
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Figure 3-3 The relationship between initial site richness and temporal

turnover, with points coloured based on their urban:rural classification.

Table 3-5 GLM model summary using beta.sne (the dissimilarity due to

nestedness) as the response variable. Results are presented for the best

model found using AIC model selection.

predictors Importance | Estimate P Significance
(descending)

X1970_pred (1970 | 0.82 -0.006534 | 0.0295 *

richness)

Spatial auto covariate | 0.72 -2.2068 0.0475 *

(A5)

Slope_tav (slope of | 0.57 -0.006766 | 0.0242 *

average temperature)

Best : A5 + slope_tav + X1970_pred AIC = - | pseudoR?

699.504 =0.078
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(Significance codes: 0 ***'; 0.001 **'; 0.01 **; 0.05 *.")

Table 3-5 shows the best model for beta.sne, with 1970 richness, the
spatial covariate and change in temperature (slope of average temperature in
breeding season) included as predictors. The best model shows that all the
predictors are negatively related to beta.sne, which means that the beta.sne is
lower in the sites with higher initial richness and higher average temperature.
No land-use change variables featured in the best model. The R2 of the best

model was the lowest (0.078) across all best models.

3.3.3 Functional groups

Figure 3-4 presents the overall summary of the functional groupings of species
in the dataset in the years 1970 and 2010, for all species together and then split
by species found in urban and rural sites separately. The predominant trophic
niche of the focal avifauna is carnivore (which includes both insectivores and
vertivores), indicating a higher prevalence of carnivorous birds compared to
herbivorous and omnivorous eating styles. The proportion of avian dietary
niches exhibited little variation over a span of four decades, with a marginal
decline seen in the omnivorous category (from 32% to 30%) and a
corresponding rise in herbivorous consumption (from 24% to 26%). Meanwhile,
the carnivorous component remained constant at 44%. Moreover, it is
noteworthy that the frequency of migratory species exceeded that of resident
species in both 1970 and 2010. Results were relatively consistent across urban
and rural species, but note that there is an overlap in species here (i.e., many

species found in urban areas are also found in rural areas) (Fig 3-4).
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Fig 3-4 (a) The composition of species diets in percentages in 1970 and (b)

shows that in 2010, and (c) compares the various functional groups between

1970 and 2010. (d) and (e) show the same as (c) but separately for the

species found in urban sites and those found in rural sites. The y-axis in (c-€)

is frequency. Note that in (e) the y-axis starts at 3300.

Next, an ordination analysis was undertaken to get a deeper knowledge of

how the different functional groupings vary across urban and rural sites, and

respond to environmental variables. Species were categorised as herbivores,

carnivores, or omnivores, as well as based on their migratory behaviour,

distinguishing between migrants and residents. The environmental predictors

included in the analysis were the human influence index (HI), land cover

variables, temperature, and precipitation. The results suggest that the
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functional groupings seen in urban areas were not substantially different from
those in rural sites (refer to Figure 3-5). The application of the backwards
selection procedure yielded a final set of three predictors, namely average
temperature, cropland coverage, and precipitation change. Notably, the best
model did not include variables such as temperature change and forest. The
model was found to be significant (P = 0.001). Additionally, the model
accounted for 8.08% of the variance (inertia), suggesting that itis a

meaningful, but somewhat limited, predictor of the outcome.
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Figure 3-5 An RDA plot showing differences in composition (in terms of the
functional groupings) between urban (black circles) and rural (red circle)
sites, with the effects of variables shown as arrows. HI = human influence;
slope_prec = change in precipitation; slope_tav = change in temperature;
tavg_10 = average temperature; crop_10 = amount of grid square that is

cropland; forest_10 = percentage of forest grid square.
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Figure 3-6 An RDA plot showing the functional groups (diet and
migration/resident) with the effects of variables shown as arrows. All the

arrows / variables were the same as in Figure 3-5.

Figure 3-6 provides an alternative plotting method of the RDA, focusing on
functional groups. It can be inferred that the functional groups are associated
with environmental variables to different degrees. The HI was positively related
with migrant species but change of precipitation had a negative relationship
with migratory birds. For herbivore, omnivore and resident birds, they were
associated more with croplands and warmer and drier regions. The patterns for

individual species will be evaluated in more detail in Chapters 4 and Chapter 5.

3.4 Discussion

In this chapter, several sets of generalized linear model were built to study the
patterns of species richness change and temporal beta-diversity between 1970
and 2010. In general, the overall species richness increased slightly when the

2010 data are compared with that for 1970. According to the results of the GLMs,
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the most important predictors are species richness in 1970 and, in some models,
the spatial auto covariate, with the former defining the initial status of the bird
community. For the remaining predictors, the change of temperature (slope of
minimum/average temperature in breeding season), latitude and the index of
human influence were typically more important than types of land use, etc.
Interestingly, the urban—rural classification variable was less important than Hl
in the temporal beta-diversity model comparisons, indicating perhaps that the
effect of urbanisation on temporal composition change is multifaceted and
better captured by HI than a simple urban—rural dichotomy.

Generally, in this study, where temporal beta-diversity is analysed at the
scale of 10 km squares (Bird Atlas grain size), initial species richness, and
geographical distance and location (i.e., latitude) are the most important
factors in the models, while climate ranks second, followed by land use. This
result agrees with Keil et al. (2012), who found that climate and land use
effects are grain-dependent; while climate is more important with coarse
grains, land-cover effects performed better at finer grains. More generally, the
results align, at least partly with previous studies that showed that the
deterministic process driven by environmental change can result in the
temporal variation in species assemblages (Baselga et al. 2015), although
these processes seem to be modulated by initial site richness (Wayman et al.,
2022). In particular, it seems that sites with higher initial richness underwent
less richness change and are thus potentially more buffered and resilient to
environmental change (Wayman et al., 2022). The concept of resilience can
be characterised as the ability of a community to effectively absorb and
subsequently recuperate from various forms of disruption, while
simultaneously preserving the overall functionality and stability of both the
community and the larger ecosystem (lves and Carpenter, 2007; C6té and
Darling, 2010). Based on the results presented here, it seems that a greater

level of initial richness might result in an increased level of community
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resilience (see also Wayman et al., 2022). This observation also provides
evidence for the argument that the resilience of bird communities to climate
change and land use change is influenced by both the intrinsic properties of
the community itself (e.g., richness, range of traits) and the combined and
interactive impacts of climate change and fragmentation (Jetz et al., 2007;

Kampichler et al., 2012; Yalcin and Leroux, 2018).

3.4.1 Temperature

Discounting the spatial autocovariate, after the bird community’s initial
richness, and latitude in certain models, the change in temperature (during the
breeding season) was often the next most important predictor. Temperature
affects species migration efficiency (Holmes & Sherry 2001; Sanderson et al.
2006; Yamaura et al. 2009), and breeding quality and location, and thus
overall fithess, may also be affected by increased temperature (Ockendon et
al. 2012; Morrison et al. 2013). However, different measures of temperature
and change behave diversely in the richness change models and beta-
diversity models, according to my results. The “average temperature” was
important for beta-diversity (particularly turnover) while “minimum
temperature” was more important for richness change. This result may
indicate that the “minimum temperature” may have positive effects on
breeding birds’ surviving rate, and thus increases richness, while changes in
“average temperature” are the most important drivers of change in

composition.

Previous studies have revealed that many bird species, particularly in
Europe, are tracking climate warming (Devictor et al., 2008). During the
breeding season, bird species need high enough incubation temperatures to
guarantee their developmental period and decrease the incidence of embryo

mortality (Nord et al, 2011). Therefore, the “minimum temperature” could be
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regarded as a control trigger for the successful incubation of breeding birds. It
should also be noted that the temperature effect usually positively correlates
with latitude and elevation, with the former also being an important variable in
many of the best models. This correlation may cause difficulty in segregating
the effects of temperature and latitude (Lennon et al., 2000). For further
understanding of how temperature drives UK bird species dynamics in the
long term, more information is needed including larger sample sizes, and data
on species abundances and the behaviour and climatic niches of individual

species.

3.4.2 Land use

Land use intensification under urbanization pressure is considered to
negatively affect biodiversity and ecosystem functioning at regional scales, as
the natural land cover is replaced by artificial land use of altered structure
(Davis & Glick, 1978, Krummel et al. 1987). Several studies have shown that
the similarity of human-dominated land cover provides a strong filter for birds
(Harrison et al., 1992, Dormann et al., 2007), promoting homogenization of

avian assemblages across cities (Olden and Poff, 2003).

However, the results from the GLMs (both richness change and beta-
diversity models) show that land use change variables were not that
important, with the exception of change in cropland in the temporal turnover
best model. They also imply that the HI is typically more important than
change in individual land-use cover types (forest, crop, grass and urban). This
result indicates that each type of land use contributes differently to bird
species composition, and it is not the change in one land-use type that is
important. Rather, it is the cumulative effect of land use change and other

anthropogenic impacts, which are captured by metrics such as HI, which is
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most important. It is worth noting that, in other studies, researchers often paid
more attention to finer scale vegetation and habitat features (e.g., green
spaces in cities; Azman et al., 2011; Tscharntke et al., 2008). Here, we
focused on coarse scale grid squares that comprise multiple habitat types. A
such, it is possible that the scale of analysis is too coarse to accurately
determine land-use change effects. One additional possible explanation is
that the relationship between urbanization percentage and temporal beta-
diversity is not linear, but has a threshold (Andren, 1994; Fahrig, 2003;
Watson et al., 2005; Matthews & Rigal, 2021), and is thus not well captured by
linear regression models. For further study on this topic, the location and

nestedness of land cover at finer scales should be analysed.

3.4.3 Functional traits

This study found that the beta-diversity of birds was impacted by different
variables such as HI and changed species composition changed through time.
However, the coarse functional groupings analysed exhibited little change.
This finding is consistent with other research which suggests that changes in
taxonomic diversity may not mirror changes in functional components (Monnet
et al., 2014; Gagic et. al., 2015; Bregman et al., 2016). The observation of a
negative link between changes in precipitation and migratory bird dynamics is
intriguing. Numerous prior investigations have shown a tendency among
migratory species to have a preference for climates characterised by higher
levels of precipitation (Ramenofsky, 2012; Pearce—-Higgins et al., 2015), and it
may be that migratory species are particularly sensitive to changes in
precipitation regimes. There are two caveats to the functional analyses
presented here. First, a 40-year gap may obscure variations in the change of
functional diversity. Second, this analysis is based on coarse scale functional

groupings rather than fine-scale analysis of quantitative trait data, which were
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lacking for many of the focal species when the thesis was submitted.
However, the recent publication of avian trait databases (e.g., Tobias et al.,
2022) means future research can more easily assess these questions. In
particular, it would be advantageous to use functional diversity indices and
further categorise functional features into more comprehensive groupings,

hence facilitating a more detailed analysis.

3.4.4 Stochasticity

The results of the GLMs for species richness change and beta-diversity might
be influenced by stochastic process, due to random colonisation—extinction
dynamics (Baselga et al., 2015). This stochasticity, which may also be driven
by differences in sampling processes between squares, will also result in the
turnover of bird communities (Stegen et al., 2013).

The R? for all models was relatively low, indicating that important
predictors were missing, and / or that stochastic processes dominate. Finer
scale sampling (grid cells below 10 km squares), as well as larger number of
samples, may provide better results. As would the inclusion of finer scale
predictor variables (e.g., finer-scale habitat features). Finally, all the models
were based on two individual years with a 40 years gap, which is restricted by
the availability of bird atlas data in the UK. With more sampling points through
time, more comparisons could be made to build more detailed temporal

models, which would likely have greater explanatory power.

This chapter only presents a broad overview of the temporal changes seen
in the avian assemblages studied. However, the following chapters will
provide more comprehensive analyses and discussion pertaining to individual

bird species.
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Chapter 4

Spatial variation in UK bird composition: a comparison

between urban and rural areas
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4.1 Introduction

Spatial beta diversity is driven by numerous intrinsic and extrinsic factors at
different scales, both spatial and temporal, including land cover and climatic
environmental conditions (Fleishman et al., 2003; Soininen et al., 2007; Socolar
et al., 2017; Zellweger et al., 2017). Patterns of beta diversity provide insight
into natural variation in species composition, in addition to how human activities
are causing increased homogenisation or differentiation (Yen et al., 2017).
Knowledge of spatial beta diversity is used to design and interpret the results
of field sampling, estimate ecological reference conditions and measure

responses of communities to environmental change (Nally et al., 2004).

Variation in species composition across space may reflect turnover and/or
nestedness (Baselga, 2010; Soininen et al., 2018; Ulrich et al., 2017). Turnover
refers to changes in the identities of species independent of changes in species
richness. Nested assemblage refers to a situation in which species-poor
communities are proper subsets of those in species-rich locations (Patterson &
Atmar, 1986). Spatial nestedness is a common pattern among biotas worldwide
(Wright et al., 1998), and indicates that spatial differences in composition may
often be due to richness differences. It is important to distinguish between
turnover and nestedness when interpreting spatial beta diversity patterns

(Baselga, 2010).

The pattern of spatial variation in community composition has generated
considerable interest in the field of community ecology, likely because
combining geographic patterns of species turnover with data on abiotic factors
can increase our understanding of how species respond to changing
environmental conditions. Many empirical studies have linked geographic
patterns of beta-diversity to environmental conditions (e.g., Gaston et al., 2007;
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Soininen et al., 2007 Baselga, 2008; Dobrovolski et al., 2012; Wayman et al.,
2021). Independent of environmental factors, communities separated in space
are expected to differ in composition to some degree as a result of the distance
decay in community similarity (Underwood & Chapman 1996; Wayman et al.,
2021; Graco-Roza et al., 2022). This decay of compositional similarity with
increasing geographic distance is driven by multiple factors, such as dispersal
limitation and historical legacies (Soininen et al., 2007). Some studies have
found that beta diversity is driven by environmental heterogeneity (habitat and
climate dissimilarity) (e.g. Veech et al., 2007; Keller et al., 2009; Winter et al.,
2010; Chocron et al., 2015), whereas others have concluded that geographic

distance is the more important driver (Tuomisto et al., 2003; Qian et al., 2005).

Spatial variation in the composition of urban communities is less understood,
but it is expected that it will be reduced by increased biotic homogenisation in
urban areas (discussed in Chapter 3). The growing human population in cities
(Cincotta et al., 2000) is leading to increased urbanization which is altering
natural ecosystems in multiple ways. Such alterations often lead to changes in
species composition, particularly the replacement of habitat specialists with
habitat generalists and non-native species (Clergeau et al., 2006, McKinney,
2006, Kark et al., 2007), a process that consequently results in biotic
homogenization. The process of homogenization occurs in many regions
across the globe (e.g., Clergeau et al., 2006, McKinney, 2006) and is known to
reduce the resilience of ecosystems to environmental change. Many studies
have been conducted to evaluate urbanization’s impact in potentially
homogenizing ecological communities (e.g., Clergeau et al., 2006; McKinney,
2006; La Sorte et al., 2008; Sorace & Gustin, 2008; Magura et al., 2010), but
few have compared multiple urban areas at the same spatial resolution as is
done here.

In this chapter, | examine the spatial variation in bird community composition
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across the UK, and test whether patterns of spatial variation differ between
urban and rural sites. A selection of analytical tools to assess spatial community
composition differences are employed, including PERMANOVA, spatial beta-
diversity and redundancy analysis (RDA). Due to the previously reported
increased biotic homogenisation in urban areas following human introductions
and extirpations, it is reasonable to posit the hypothesis that there will be
greater variation in community composition between rural sites than between
urban sites, and the human influence index is predicted to be an important

driver of spatial beta diversity in UK birds.

4.2 Materials and methods

4.2.1 Study areas and data selection
This study covers the area of Britain islands including England, Scotland and
Wales. The data used are from the British Trust for Ornithology (BTO) breeding
bird survey, and two time periods were analysed: 1968-1972 (referred to as
1970) and 2007-2011 (2010).

For each grid square, land-use and climate data were sourced from Historic
Land Dynamics Assessment (HILDA) data sets (version 2.0) and WorldClim,
and Human Influence data were taken from the Last of the Wild Project, Version

2, 2005 (LWP-2).

4.2.2 Data analysis
4.2.2.1  Non-metric multidimensional scaling (NMDS)
Non-metric multidimensional scaling (NMDS) is a method for visualizing the
dissimilarity between sites in terms of species composition. In this study, NMDS
was used with Bray-Curtis similarity to examine the spatial variation in
composition and visualise differences in composition between urban and rural
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bird communities. The metaMDS function in the vegan R package (Dixon, 2003;
Oksanen et al., 2013) was used. This function tries to find a stable solution

using several random starts, with standardized scaling of results.

4.2.2.2 PERMANOVA
PERMANOVA provides a way of statistically testing for differences in
composition between urban and rural sites. The test is equivalent to an ANOVA
but in the case of multivariate data (Anderson, 2001). In this study, the
PERMANOVA framework was used to test for differences between urban and
rural groups. One assumption is that within-group dispersion is similar between
groups. This was tested using the betadisper and TukeyHSD.betadisper
functions to check whether the within group dispersion varies across urban and
rural groups. This method is based on the Studentized range statistic and

Tukey's 'Honest Significant Difference' method (Abdi & Williams, 2010).

4.2.2.3  Beta-diversity distance dissimilarity
Pairwise spatial beta-diversity was calculated between all urban and rural sites
separately. Total beta-diversity (Beta.sor) and the turnover component
(Beta.sim) were calculated (see Chapter 1). These values were regressed
against the geographic distance between sites using OLS linear regression. As
the data points are not independent, the P-values of the OLS slopes cannot be
interpreted. As such, Mantel’s correlation tests were instead used in each case.
The distance between sites was calculated from the geographic locations

(latitude and longitude).

4224 RDA
Redundancy analysis (RDA) was used to examine the dissimilarity of bird
groups in urban and rural areas, and to investigate the relationship between

this dissimilarity and other environmental explanatory factors. The DCA
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(Detrended Correspondence Analysis) procedure, introduced by Hill and Gauch
Jr (1980), was used to enhance the study of many variables in the RDA (more
details was described in Chapter 3 RDA method), and it was observed that the
lengths of the gradient of the species data were found to be less than 3 (Table
A5 in the appendix). This indicates that the distributional shape of the data is
more linear rather than unimodal (Borcard et al., 2011). Consequently, RDA is
preferable to CCA and was thus used here.
This study analysed the effects of eight abiotic variables which have been
previously shown to have significant influence on community composition, as
discussed in Chapter 3. The RDA model was constructed by using all predictors
and employing the rda function included in the vegan R package. Next, a
reverse selection methodology was used to streamline the model, according to
the protocol described in Borcard et al. (2011). Two triplots were used to plot
the whole RDA model. Both triplots used scaling type 3 (see Borcard et al.,
2011). One triplot was used to plot the sites, discriminating between urban and
rural sites, while the other triplot was used to plot the species.

More detailed information about these data and the methods employed are

specified in Chapter 1 and Chapter 3.

4.3 Results

In general, the results show that the composition of rural bird communities
significantly differs from urban bird communities, but that urban communities
are nested within rural communities in the ordination space (i.e. most species
in urban sites are also found in rural sites, but rural sites contain species not
found in urban areas). As a result, the spatial beta-diversity of rural bird

communities is higher than that of urban bird communities.
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Figure 4-1 NMDS plot illustrating differences in composition between urban
(blue +) and rural (red +) sites. The ellipses represent the 95% confidence

intervals around the points in each group.

4.3.1 NMDS results
The NMDS plot (Figure 4-1) shows the different patterns of bird species
composition for urban and rural bird communities. From the plot (Figure 4-1), it
is inferred that rural bird communities have larger variation in composition than
those in urban sites. The plot provides a visual display showing that rural sites
have more diverse bird communities while urban bird communities tend to be
more homogeneous. It also shows the nested relationship of urban bird
communities within rural sites; the urban bird species can largely be regarded

as a subset of rural species.

4.3.2 PERMANOVA results

PERMANOVA was used to statistically test for differences in composition
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between rural and urban sites: a significant difference was observed (P=0.001;
Table 4-1), meaning that the composition of species in urban areas are
significantly different from those in rural areas. This result matches with the
NMDS result. In addition, the within-group dispersion test was also significant
(P=0.01), indicating that the spread of sites in terms of composition differed
between the two groups (Table 4-2). This again matches the NMDS results,

highlighting the wider spread of rural sites in the ordination space.

Table 4-1 Results of the PERMANOVA comparing the composition of urban

and rural sites

df Sum of | R2 F Pr significant
sgs
type 1 1.40 0.093 20.20 0.001 e
residual | 198 13.76 0.91
total 199 15.17 1.00

Table 4-2 Results of the dispersion test comparing the composition of urban

and rural sites

type Df Sum Mean F N Pr(>F) | significant
Sq Sq
Groups 1 0.12 0.12 | 27.82 99 0.01 **
Residuals | 198 0.86 | 0.0043

4.3.3 Beta-diversity
Figure 4-2 shows the relationship between distance and turnover and total beta-
diversity, for both rural and urban sites. In general, there are positive distance
effects on beta-diversity in both urban and rural sites, indicating that the further

apart sites are the higher the spatial beta-diversity. The rural sites exhibited a
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stronger positive relationship between distance and turnover/total beta-diversity
than urban sites. Table 4-3 provides the Mantel correlation results for urban and
rural sites. These are in agreement with Figure 4-2, with the Mantel correlations
of beta-diversity and turnover (against distance) for the urban communities
(0.47 and 0.38) being lower than those for the rural communities (0.60 and 0.55),
indicating that distance decay in compositional similarity is reduced for urban
sites, and thus spatial beta-diversity of urban areas is lower than that of rural

areas.

Urban (Total Beta) Urban (Turnover)

BSor

0.10 0.20 030
|
BSim
00 01 02 03

Distance Distance

Rural (Total Beta) Rural (Turnover)

BSor
BSim

Distance Distance

Figure 4-2. The relationship between overall spatial beta-diversity (Sorensen
index) and the turnover component, and spatial distance (auto-
distance/similarity matrix based on latitude and longitude), for urban and rural

sites. The red lines are the fits of OLS linear regression models.
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Table 4-3. Mantel correlation test results for the correlation between the two

beta-diversity metrics and distance, for urban and rural sites separately

Mantel correlation Urban Rural
Beta.sim (turnover) 0.38 0.55
Beta.sor (total beta 0.47 0.60
diversity)

4.3.4 RDA

The human influence index was the main variable separating sites along RDA
axis 2, and resulted in almost a perfect split between urban and rural sites
(Figure 4-3). The percentage of cropland and temperature change were
important variables driving composition in rural sites. Average temperature,
precipitation and mean elevation were important variables along RDA axis 1,
with urban sites being warmer, lower elevation and experiencing less
precipitation. The backwards selection process did not result in any predictors
being dropped (i.e., all predictors were included in the best model). This
model was significant (P = 0.001) and explained 25.84% of the variance

(intertia).
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Figure 4-3 An RDA plot showing differences in composition between urban
(black circles) and rural (red circle) sites, with the effects of variables shown
as arrows. HI = human influence; slope tav = change in temperature;

crop_10 = amount of grid square that is cropland.
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Figure 4-4 An RDA plot illustrating species rather than sites, with the effects
of variables shown as arrows. HI = human influence; slope_tav = change in
temperature; crop_10 = amount of grid square that is cropland; tavg_10 =

temperature in 2010.

Figure 4-4 provides an alternative plotting method of the RDA, focused on
species. It can be inferred that different bird species are associated to
different degrees with the eight predictor variables. For example,
grasshopper warbler (Locustella certhiola), grey heron (Adrea cinerea),
ruddy duck (Oxyura jamaicensis) and peregrine falcon (Falco peregrinus)
were examples of species associated with large amounts of HI (i.e., species
characteristic of urban sites), whereas cuckoo (Cuculus canorus) and
spotted flycatcher (Muscicapa striata) showed the opposite trend. Barn owl
(Tyto alba), turtle dove (Streptopelia turtur) and red legged partridge
(Alectoris rufa) were more associated with greater cropland percentage,

while siskin and redstart were more associated with forest percentage.
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These individual species patterns are discussed in greater depth in Chapter

5.

4.4 Discussion

In this chapter, it was found that rural bird communities significantly differ from
urban bird communities in terms of species composition. Specifically, urban
sites have more similar composition than rural sites, which agrees with the
hypothesis that urbanization is reducing spatial beta-diversity and increasing

homogenization (White et al., 2018; Garcia-Navas et al., 2020).

The NMDS result indicates that rural sites were characterised by a broader
range of species composition than urban sites, and that urban sites were nested
within rural sites (i.e. the composition of urban squares comprised a subset of
the species found in rural squares). Thus, the bird community composition of
urban areas can be considered as a subset of the rural bird community. The
PERMANOVA test also confirms significant differences between rural and
urban areas in terms of species composition. The wide range in composition of
rural sites makes sense given that rural squares could contain a broad range
of land use types (forest, grassland, cropland etc), whereas urban squares were
likely to be more homogenous. Ecologically speaking, urbanization provides
highly modified and fragmented habitats, which will cause sensitive bird species
to avoid the urban areas and mean only those species that are able to survive
the harsh conditions can persist (Kowarik, 2011; Lepczyk et al., 2017). The
biotic homogenisation caused by urbanization usually occurs through the
replacement of non-urban specialist species by urban adapted, typically
generalist species (Shochat et al. 2006; Lososova et al. 2012; Sol et al. 2014).
However, the results indicate that these species that occur in urban areas are
almost all also found in rural squares. This could be due to the fact that the UK
is a post-perturbation system, and even the rural squares are generally highly
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disturbed from a wilderness point of view (Wayman et al., 2022). The similarity
in richness between urban and rural sites (result from Chapter 2) does not
contradict with the result presented here that biotic homogenization (relative to
rural sites) is a characteristic of urban sites. This is because species richness
and composition are different measures: sites can be similar in richness but
differ strongly in composition. To take a simple example, two rural sites can
contain three species each (ABC in site 1 and CDE in site 2) and two urban
sites can contain three specie each also (ABC in site 1 and ABC in site 2):
richness is the same for both rural and urban, but homogenisation is much
larger in the urban sites. What the results are telling us is that urban and rural
sites contain similar numbers of species, but that there is larger variation in the
composition of rural sites compared to urban. This is likely because urban bird
communities contain many generalists and fewer rare species (Buhk et al.,

2017).

According to a fundamental biogeographic principle, there is a negative
relationship between ecological communities’ similarity and geographic
distance (Fattorini, 2010; Qian et al., 2020; Graco-Roza et al., 2022). Thus, as
expected, from the diversity-distance plots (Figure 4-2), there is a clear trend
that the beta-diversity of both urban and rural sites is positively related to
distance. In other words, the further sites are apart, the greater the degree of
spatial beta diversity. The “distance-decay effect” is a result of complex
ecological phenomena, including dispersal limitation and historical legacies (e.g.
glaciation impacts) and the strength of the relationship is modulated by spatial
extent, latitude location, organism traits and types of ecosystems (Soininen et
al., 2007; Graco-Roza et al., 2022). For example, a study by Fluck (2020) found
that geographical distance and climate have combined effects on the spatial
distribution of the avifauna in Amazonia. Gaston (2007) also found that turnover

is related not only to average environmental conditions but also to the spatial
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variations in those conditions. This is an important point, as in reality it is difficult
to separate pure distance effects from spatial variation in environmental
conditions (Wayman et al., 2021). The sampling sites in this study were
distributed over quite a broad spatial scale and, as these sites are not evenly
distributed in the sampling grid, it is particularly difficult to partial out the effects

of environmental variation and pure distance effects.

An important result in the present chapter is that the distance-turnover
regression line for rural sites had a steeper slope than that of urban sites. The
comparison of beta-diversity between urban and rural sites also shows that the
rural bird communities had higher beta-diversity than the urban areas. This
result provides additional evidence that urban bird communities are becoming
taxonomically homogenized. The study of Luck & Smallbone (2011) found that
similarity—distance relationships are substantially influenced by the processes
involved in urbanization, which is in agreement with my finding that urbanization

promotes similarity within bird communities.

The RDA results show the relationship between species composition and
abiotic factors. As expected, there is a near perfect division of urban and rural
sites in the RDA space. Across sites, human influence stands out as an
important determinant of species composition, which makes sense and
illustrates that human activities significantly restrict bird composition in urban
areas. This aligns with the findings of previous studies that have shown
various factors in urban areas, including building density and the presence of
cats, act to reduce species diversity (Kauhala et al., 2015; Santiago-Alarcon
et al., 2017). For rural sites, the percentage of arable land and change in
average temperature were important variables. This illustrates perhaps that
agricultural areas support relatively distinct bird communities; several UK bird

species are associated with croplands, such as yellowhammer and corn
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bunting. It also indicates that climate change may have large impacts on UK
bird composition going forward (Eglington & Pearce-Higgins, 2012; Howard et
al., 2020; Lehikoinen et al., 2021).

The RDA only provides the general picture of the interaction between
selected factors and bird composition. To fully understand the relationship
between these factors and the distributions of individual species, further study
based on species-specific distribution and occupancy models is needed.
Going forward, it will also be interesting to assess how specific characteristics
of different urban areas (e.g. building density, population size, amount of

green space) at finer scales act to drive variation in species composition.
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Chapter 5

|dentifying the avian winners and losers from urbanisation

in the UK
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5.1 Introduction

Biotic homogenization is a concept frequently used to describe the current
biodiversity crisis, but its use often raises more questions than answers.
Homogenization generally refers to increased similarity over time, or across
space, in terms of community composition (Rahel, 2000). According to
McKinney and Lockwood (1999), biotic homogenization occurs when the
modified environment drives some species extinct from an area (“losers”) and
the geographic expansion of others (“winners”). In particular, it is theorised to
result from the replacement of specialist native species by generalists and
widespread introduced species (McKinney et al., 1999). Thus, the predictable
consequence of biotic homogenization is the generation of similar
communities, often dominated by a few winners and high vulnerability
(Tabarelli et al., 2012; Ibarra & Martin, 2015; Finderup et al., 2019), although

species richness may not always decline to any substantial degree.

As a complex synthesis of human activities, urbanization has been proved
to greatly modify the natural environment and be a major threat to biodiversity
(McKinney, 2006; Fenoglio, 2020; Escobar-lIbafiez, 2020). Urbanization has
many significant effects on biodiversity, including disruption of ecosystem
processes, fragmentation of natural habitats, the creation of heat islands, and
pollution (McKinney, 2002; Voogt, 2003; Fischer et al., 2012; Ferenc et al.
2013). Previous studies have shown that breeding bird abundance may be
higher in urban than in rural areas, but species richness is often lower than in
rural habitats (Cam et al., 2000; Palomino & Carrascal, 2003; Puga-Caballero
et al., 2014). However, the results presented in Chapter 2 of this thesis
illustrate that the richness of urban and rural bird assemblages in the UK, at
least when viewed at regional spatial scales, can be relatively similar. It has

also been shown that urban avian communities usually have higher similarity
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to each other when compared to communities in less anthropogenically

disturbed habitats (Clergeau et al. 2006, McKinney 2006).

One important aspect of the process of biotic homogenisation is
differences in the abilities of species to resist anthropic disturbance and
exploit urban spaces. According to this ability, species have been categorized
into 2 main types: (1) “urban avoiders” (McKinney 2002) and/or “urban-
sensitive” (Garden et al. 2007) species that are more sensitive to habitat
change, and (2) “urban exploiters” (McKinney 2002) and/or “synanthropic”
(Marzluff et al. 2001) species which are well adapted and able to exploit
urbanized areas. Although environmental disturbances are regarded as
factors having a negative impact on species, cities still provide favourable
conditions and available resources and serve as refuges for some species.
Furthermore, the urban ecosystem acts as a filter, filtering species with
particular tolerance levels and specific traits (Croci et al., 2008; Liere et al.,

2019; Sol et al., 2020).

Building on the results of previous chapters, which focused on community
level patterns, this chapter focuses on individual species’ different responses
to urbanisation over a forty-year period. Most of the previous studies that
discuss this issue were concerned with the response of one selected species
to urbanisation, or focused on multiple species but only in a single city. This
study is based on 2 groups of sites (urban and rural) across the UK and the
analysis of multiple bird species, and seeks to describe the patterns of change
for individual species at a regional scale. Put another way, the chapter aims to
determine the winners and losers, in regard to birds in urban areas in the UK.
Two main analyses were undertaken: an indicator analysis and an analysis of
temporal change in the occupancy of urban squares. Preliminary analysis

revealed that aquatic species were overrepresented in urban squares. Thus,

67



the indicator analysis was based purely on terrestrial species, while including

aquatic species in the occupancy analysis to enable a comparison.

5.2 Materials and methods

5.2.1 Study areas and data selection

This study covers the area of Britain islands including England, Scotland and
Wales. The data used are from the British Trust for Ornithology (BTO)
breeding bird survey, and two time periods were analysed: 1968-1972

(referred to as 1970) and 2007-2011 (2010).

5.2.2 Methods

5.2.2.1 Terrestrial indicator species

Indicator species analysis was conducted by using the “multipatt” function
from the R package “indicspecies” (De Caeres et al., 2016); this analysis used
association patterns of species with urban or rural squares to identify species
that are indicators of either. The association function used was “IndVal.g". An
association threshold of 0.40 was used to classify species as indicators. The
focus of this analysis was to identify terrestrial indicator species and thus to

begin, all waterbird species were identified and removed.

5.2.2.2 Winners and Losers

To analyse which species were winning or losing during the 40 years, the
number of urban squares occupied by each species was calculated (i.e. the
occupancy of the 100 urban squares). As the number of squares occupied in
1970 varied considerably across species, percentage change was calculated

and used to rank species and identify winners and losers. In addition, the
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general occupancy trend for each species was calculated using all BTO
squares to provide a nationwide baseline. More detailed information for these

data and methods are provided in Chapter 1.

5.3 Results

5.3.1 Terrestrial indicator species

Table 5-1 presents the result of species classified as indicator species for
each of the rural and urban categories among all the species covering the 200
selected sites, of which 100 are classified as rural and 100 as urban sites.
The association values for all species were statistically significant. These two
lists of species have no overlap species, indicating that the indicator species
for urban areas differ completely from those for rural areas. Looking at the
long-term population trends (using data provided by BTO Woodward et al.,
2020) for the species selected as rural indicators reveals that all are declining
nationally. However, the population trend for “urban indicators” is more
complicated. The grasshopper warbler and lesser spotted woodpecker have
declining trends while the ring-necked parakeet (Psittacula krameri) and

Cetti's warbler (Cettia cetti) have experienced increased abundances.
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Table 5-1. Results of the indicator species analysis, with the list of species
classified as indicators of both rural and urban habitats. The association of
Pearson’s coefficient (higher values = more associated with that land use

group) for each species is provided.

Group rural association | Group urban association
Spotted flycatcher 0.807 Grasshopper warbler 0.632
Siskin 0.648 Lesser spotted 0.532
Redstart 0.638 woodpecker

Tree pipit 0.628 Ring necked 0.500
Wheatear 0.575 parakeet

Whinchat 0.522 Cetti’s warbler 0.470

Pied flycatcher 0.507 Black redstart 0.436

5.3.2 Identifying urban winners and losers

Table 5-2 and Figure 5-1 present the urban winner species, based on
percentage change in the number of urban squares occupied. Together with
the baseline trend, which is calculated from the overall data from more than
2000 squares around the UK, the general trend is that the winning species are
increasing in the number of sites across the UK. However, the rate of increase
is generally higher (sometimes much higher) in urban areas than across the

country as a whole.
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Table 5-2 The list of urban winners, ranked by percentage increase in the

number of urban squares occupied in 1970 and 2010. Inf represents cases

where zero squares were occupied in 1970. Values in the baseline column are

the percentage increase in number of squares occupied by the species

nationwide.
Species 1970 | 2010 Difference | Percentage | Baseline
Peregrine 0 67 67 Inf 240.95
Ruddy duck 0 31 31 Inf 1076.92
Cetti's warbler |0 29 29 Inf 12650.00
Greylag goose | 4 62 58 1450.00 1050.00
Gadwall 4 57 53 1325.00 502.17
Buzzard 7 80 73 1042.86 115.13
Raven 4 35 31 775.00 78.83
Mandarin duck | 6 38 32 533.33 1668.18
Hobby 7 42 35 500 382.44
Oystercatcher | 11 59 48 436.36 32.92
Grey heron 16 71 55 343.75 46.39
Sparrowhawk | 32 93 61 190.62 39.71
Shelduck 18 48 30 166.67 57.70
Canada goose | 46 95 49 106.52 215.03
Grey wagtail 51 91 40 78.43 18.40
Nuthatch 57 86 29 50.88 34.43
Tufted duck 66 94 28 42.42 56.97
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Figure 5-1. The number of squares occupied by urban winners in 1970 and

2010.
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Table 5-3 and Figure 5-2 present the urban loser species. All the loser species

were also decreasing according to the baseline trend data, but again the rate

of decrease was generally higher in the urban squares.

Table 5-3 The list of urban losers, ranked by percentage decrease in the
number of urban squares occupied in 1970 and 2010. Values in the baseline

column are the percentage decrease in number of squares occupied by the

species nationwide.

Species 1970 | 2010 | Difference | Percentage | Baseline
Whinchat 44 3 -41 -93.18 -53.05
Wood warbler | 41 4 -37 -90.24 -62.37
Turtle dove 63 7 -56 -88.89 -61.38
Tree pipit 67 9 -58 -86.57 -41.25
Redstart 42 6 -36 -85.71 -40.63
Corn bunting 67 13 -54 -80.60 -64.73
Snipe 56 12 -44 -78.57 -42.96
Common 80 19 -61 -76.25 -34.06
redpoll

Yellow wagtail | 82 27 -55 -67.07 -33.54
Woodcock 42 14 -28 -66.67 -55.98
Spotted 97 36 -61 -62.89 -13.12
flycatcher

Willow tit 77 30 -47 -61.04 -63.67
Tree sparrow 93 39 -54 -58.06 -40.34
Marsh tit 54 23 -31 -57.41 -27.24
Grey partridge | 90 39 -51 -56.67 -43.97
Cuckoo 94 41 -53 -56.38 -41.89
Yellow hammer | 97 66 -31 -31.96 -26.66
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5.4 Discussion

5.4.1 The indicator species

Analysing the indicator species within 200 selected urban and rural sites
allowed the most representative bird species associated with rural and urban
land use classifications. Identified indicator species are expected to be closely
associated with either the urban or rural land-use, but it should be noted that
the latter incorporates a large range of habitat types (e.g., forest, grassland,
cropland) and thus indicator species for rural sites should be interpreted with
a degree of a caution. That being said, one notable observation was that the

general population trends of rural indicator species were mostly declining (Fig
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5-3). Figure 5-3 show the declining species population trends of 5 rural
indicators: spotted flycatcher (Muscicpa striata), wheatear (Oenanthe
oenanthe), whinchat (Saxicola rubetra) and tree pipit (Anthus trivials).
(Woodward et al., 2020). Ideally, the rural indicators should represent the bird
species which prefer rural areas with less disturbance by humans. The
decline of rural indicators would then relate to the severe situation that
sensitive rural species were threatened and in need of conservation. The rural
indicators in this chapter could also be described as “urban avoiders”

(Tryjanowski et al., 2020).
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Figure 5-3. Temporal population trends for five UK bird species (Rural
Indicators) (Figure sourced from BTO, Woodward et al., 2020). The y-axis
(Index) represents estimate of annual total count for species population
(Thomas, 1993). Species data are from CBC/BBS (CBC refers to Common
Birds Census; Marchant, 1990). BBS refers to Breeding Bird Survey. The
monitoring function of CBC was replaced by BBS after 2001).
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Things were different for the urban indicators, which were more widely
spread and with mostly positive population trends. That is in accord with the
fact that human modified areas were expanding, enhancing the habitat and
feeding opportunities for urban-adapted species. These “urban exploiters”
share multiple dietary traits and occupy boarder species niches than “urban
avoiders”. (Palacio, 2020). However, the analyses showed that some of the
“urban indicators” were also declining. For example, the grasshopper warbler
(Locustella certhiola), which is a widely spread species across the British
Isles. The BTO records (BBS UK 1994-2019) showed that the species’
population was generally declining through time (Fig. 5-4 upper left), albeit
with fluctuations, in the UK due to the decrease in the amount of suitable
breeding habitat (Gilbert, 2012). A similar pattern was observed for another
species identified as an urban indicator, the lesser spotted woodpecker, which
was also experiencing reductions from 1982 to 2000 (Fig. 5-4 lower left). It
should be noted that neither of these species (grasshopper warbler and lesser
spotted woodpecker [Dryobates minor]) are typically viewed as urban species,
and thus it is interesting that they were designated as urban indicators
through the indicator analysis. It is unlikely that either species is a true urban
specialist. Rather, it is likely that they were mainly present in habitats in the
peripheries and edges of urban areas (e.g. woodlands and marshland),
possibly in nature reserves that are often located around the edges of cities or
in riparian habitats in the cities. This could point to an issue with undertaking
analyses of urbanisation at regional scales, particularly in the UK where most

urban areas are relatively small. This issue is further discussed in Chapter 6.
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Figure 5-4 Temporal population trends for four UK bird species (Urban
Indicators) (figure sourced from the BTO, Woodward et al., 2020). Data for
grasshopper warbler and ring-necked parakeet were taken from the BBS,
while Cetti’'s warbler were from CES (Constant Effort Sites scheme, Peach et

al., 1996). For data summaries see legend of Figure 5-3.
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Other species that were identified as urban indicators were Cetti’'s Warbler
and ring-necked parakeet; both of whose populations have been constantly
increasing over time in the UK (Fig. 5-4; Woodward et al., 2020). Cetti’s
warbler (Cettia cetti) is a recent colonist to the UK (first colonised Kent in the
1970s) and is associated with scrubby vegetation in proximity to aquatic
habitats, often being found along waterways and damp areas close to
wetlands (Robinson et al., 2007). As such, it is another species that, while
being identified as an urban indicator, is not a true urban specialist. In
contrast, ring-necked parakeet (Psittacula krameri) is more of a true urban
bird, at least in the UK (Newson et al., 2011). The species is non-native, and
is the UK’s only naturalised parrot. It is now abundant in numerous towns and
cities in the south east, particularly in suburban and urban parks, although it
has also spread outside of cities and its distribution is believed to be shifting
north (Menchetti et al., 2016; Heald et al., 2020). Therefore, a high associated
relationship with urban areas does not necessarily mean successful
adaptation to these kinds of environments. A good example of a human-
commensal species, the house sparrow (Passer domesticus), which is also an
urban exploiter, has been found to have been declining all over Europe over
the past decades, although the reasons for its decline are not well understood

(Mohring et al., 2021).

Overall, there were fewer species classified as urban indicators than rural
indicators (Table 5-1). A limited number of species have successfully adapted
to and established colonies in urban areas and other environments that have
been affected by human activity. As most of the rural indicators were
declining, it is reasonable to surmise that urbanization is negatively affecting
the great majority of bird species in the UK during last 40 years. Increasing
urbanization often results in simplified habitats with reduced possibilities for

nesting, less diverse and less available food and increased predation (Evans
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et al. 2011). They are then frequently dominated by abundant generalist
species (Marzluff et al. 2008). Although some species are “urban exploiters”,
this does not guarantee their success in the cities (Tryjanowski et al., 2022).
This phenomenon cannot be explained by one simple theory, but is related to

all aspects of urbanization and further analysis of specific species is needed.

5.4.2 Winners and losers

By comparing temporal change dynamics for individual bird species, it was
possible to classify species as either winners and losers (Tables 5-2 and 5-3).
In general, the urban winner species were also increasing all over the UK (i.e.
not just in urban area), while the loser species were decreasing nationwide.
Thus, the species doing well in urban areas are typically the species doing
well everywhere. This could be due to the fact that the UK is a post-
perturbation system, with very few large areas of natural habitat remaining
(Wayman et al., 2022). Thus, if a species is adapted to human disturbance, it

is able to do well in large parts of the country and not just the major cities.

Among the winners is Cetti’'s warbler (Cettia cetti), which was also listed
as one of the urban indicators, while no absolute rural indicator was observed
to be a winner (Wotton et al., 1998; Robinson et al., 2007; Hiley et al., 2013).
Many of the other winners were associated with aquatic habitats, and these
species were not significantly affected by changes in land use type
(Woodward et al., 2020). While aquatic habitats may not be the first thing that
comes to mind when we think of urban areas, many cities include a range of
aquatic habitats, including ponds in city parks, large water supply reservoirs
city margins (e.g. around the western edge of Greater London), storage
reservoirs for canals, former mill ponds, and canals and rivers. It appears that
these habitats are being exploited by a number of bird species that can be
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considered winners, and thus may represent important habitats for
conservation and the persistence of urban biodiversity moving forward (Wilby

& Perry, 2006; Recuero et al, 2010; Palta et al., 2017).

As for the losing species, 5 rural indicators were included in the “loser”
species list and they all exhibited a significant loss in the number of sites.
These 5 species (whinchat, redstart, wood warbler, tree pipit and spotted
flycatcher; see Fig. 5-3) have all declined massively and consistently since the
start of the BTO'’s records (Woodward et al., 2020). The main reason for their
loss was the reduction of preferred habitat (Gregory & Baillie, 1998; Benton et
al., 2003; Hewson & Noble, 2009), particularly the reduction of deciduous
woodlands. For example, one study by Smart et al. (2007) suggested that the
loss of oak trees could be a determinant factor for wood warbler decreases.
Another study found that agricultural activities on grassland habitats generally
threaten whinchat nesting, cause mortality of incubating females and indirectly
increasing the danger of exposure to predators (Gruebler et al. 2008).

Consequently, anthropogenic activities could be considered as the main

negative factor causing declines in these “losers”. The replacement of many

losing species by a relatively small fraction of widespread winners will likely
produce a much more spatially homogenized biosphere (Mckinney et al.

1999).

The “rural indicator” species showed strong preferences for forest and
grassland habitats which are particularly disturbed through the process of
urbanization but have also been impacted by intensification of farming
systems. Analysis of the land use change data indicates that, although the
percentage of urban land cover did not change too much during the last 40
years, the composition of rural areas was very different, with more grassland
and arable land and less woodland (Kuemmerle et al., 2016). The loss of
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woodland likely significantly impacted the performance of these sensitive
species, leading many of them to become extirpated and replaced by other

species.

5.4.3 Nationwide trends

Following the results that the general pattern for both winners and losers was
positively related with the baseline trend, it can be concluded that the increase
of winners in urban areas mirrors their national increase, while the loss of
losers similarly mirror national declines. There was no strong evidence for any
species presenting an opposite trend to the nationwide tendency, but there
were differences in the magnitude of increases and decreases. Some of the
species increasing nationally were observed to increase at a much higher rate
in urban areas, for example gadwall (Mareca strepera) and buzzard (Buteo

buteo) although this parallels the trajectories in the UK as a whole.

It was necessary to note that some of the observed patterns may have
been affected by sampling artefact issues. Some of the bird species identified
as indicators and winners/losers are quite rare in the UK and it is possible that
their presence might have been missed in certain study squares, potentially
biasing the observed patterns. The selection of study squares may also have
impacted results, particularly for the rural squares given only 100 squares
were selected which may not be fully representative of UK rural areas. Finally,
the data structure should also be considered: the lack of abundance data may

have impacted results.
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Chapter 6

Synthesis
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6.1 Summary

Summary

This study has examined the changes in bird distribution and functional ecology
in multiple UK cities. Trends and changes in species richness between 1970
and 2010 show significant differences between urban and rural bird
communities. The rural bird communities have lost species while urban bird
species richness increased during the same time period, although the average
changes were very small. More importantly, temporal beta-diversity was larger
in urban areas compared to rural ones (Chapter 2). In terms of the
environmental variables driving structural changes, different metrics of
temperature had important influences on species richness and beta-diversity at
the temporal scale, whereas the amount land use change was less important
than expected. Overall species richness (urban and rural) increased slightly
from 1970 to 2010, and both the richness and turnover response is strongly
linked the initial baseline 1970 data (Chapter 3). The data also show that rural
bird communities are significantly different from urban ones, supporting a
greater range of species and having a higher variability in composition. The
urban sites are more homogenised than rural sites, which agrees with the
hypothesis that urbanization is threatening bird species richness and beta-
diversity (Chapter 4). By looking into the winners and losers among bird species,
it was found that all the winner species were increasing all over the UK while
loser species were experiencing decrease according to the baseline, as one
would expect. Generalist species were less sensitive to habitat change and
performed better than their rural counterparts, which usually preferred

woodland habitat.
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6.2 Urban sites vs rural sites

The global trend towards urbanization has raised a number of ecological issues
concerning species diversity. Many studies have shown that the rapid
expansion of urbanization has led to structural changes in bird communities
(McKinney, 2002). Globally, avian species population density is negatively
related with urban landcover (Aronson et al., 2014). In this study, the change in
the total number of species was not significant during the past 40 years
according to the average value of richness, with the overall difference in urban
sites only slightly higher than that in rural areas. Overall, bird richness in the UK
shows no clear responses to urbanization, but this conclusion changes when
the temporal change and spatial difference in beta-diversity is analysed. Some
empirical studies have found that environmental heterogeneity is the core
cause for beta-diversity (Harrison et al., 1992, Spencer et al., 2002, Winter et
al., 2010), whereas other researchers have named geographic distance as the
most important predictor (Tuomisto et al., 2003, Qian et al., 2005). The results
here indicate the situation is more complex and a combination of drivers is

seemingly important.

6.2.1 Temporal variation

Land use change transforms habitats directly, creating fragmented habitats and
artificial environments. At regional levels of study, it is one of the most relevant
environmental changes influencing temporal variations of biological
communities (Baselga et al., 2015; Maxwell et al., 2016). In this study, however,
the temporal models (GLMMs) indicate that over the 40-year time period land
use change was less important than temperature and human disturbance (see
models in Chapter 3; Table 3-2 to 3-5). This may lead to the hypothesis that, at

a regional scale, the temporal impact of land use type is not as significant as
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climate change so long as the percentage urbanization remains below a certain
level (Chapter 1, 1.4.1). Most studies agree that the consequence of community
change is a synergistic phenomenon related to climate and land use, but the
importance level of these two aspects remains unclear (Allen et al., 2000; Jetz
et al., 2007). A recent study based in Southern Quebec provides a good view,
suggesting that land use changes are a key driver in bird population changes
at a regional scale (Regos et al., 2018). To better understand the importance
level of different factors including climate and land use, more detailed studies
(at different scales) are necessary with careful interpretation of the interactions
between each combination of factors (Keil et al., 2012). Overall, the most
important driver of temporal change in UK bird assemblages was the initial site
richness, with the results implying that richer sites are more buffered against
disturbance, and change less through time. This finding has important
implications for the study of ecological community resilience and its links to
diversity. Interestingly, the urban—rural classification variable was less important
than HI in general, indicating that the effect of urbanisation on temporal
composition change is likely better captured by HI than a simple urban—rural

dichotomy.

6.2.2 Spatial variation

One of the most important findings in this study is to confirm the positive
relationship between beta-diversity and site distance, which agrees with the
“distance-decay effect” (Chapter 4). This effect was first proposed by Tobler
(1970), describing the decrease in similarity of two observations with the
increase in distance, and has been used in many spatial variation analyses of
communities (Nekola and White 1999). Furthermore, the slope in the declining
trend is flatter for urban sites in this study, leading to the deduction that the
homogenization level of UK bird communities is higher in urban than in rural
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areas, and this deduction possibly results in uniform urban bird communities in
all cities (Jokimaki et al., 1996). With higher levels of urbanization, bird
communities are expected to be more similar (Blair, 2001). This leads to the
next topic, “winners” and “losers” in the human disturbed environment, when
looking into dynamics of individual species. Besides the homogenization trend
within a single city, the similarity of species composition occurs in all cities
because of relatively similar landscape structure (Luck & Smallbone, 2011).
This hypothesis assumes that the cities have been subjected to similar land use
changes as they urbanised and are occupied by identical combinations of
species with tolerance for the particular constraints of artificial habitat,
enhancing the trend towards homogenization (McKinney, 2002, 2006, Clergeau

et al., 2006).

6.2.3 Winners and losers

McKinney and Lockwood (1999) suggested that habitat modification caused by
urbanization had led to changes in species composition with some species with
low tolerance of human disturbance moving away from the urban environment
(“urban avoiders”) while some other species dominate the community (“‘urban
adapters”) and even expand their geographical extent. Theoretically, the
“‘winners” which are proved to be well adapted to the urban habitat, seem to
occupy the niches and resources and thrive in population and density in cities.
Consequently, a few winner species are usually dominant in urban bird
communities (Beissinger & Osborne, 1982, Bezzel, 1985, Marzluff, 2001). In
this study, it is interesting to find that, although the population trends are
declining (with fluctuations) during the last several decades, grasshopper
warbler and lesser spotted woodpecker were classified as “urban indicators”,
which suggests that they are highly associated with urbanised areas. Rather
than “urban adapters”, these two species are more likely to be defined as “urban
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avoiders”, just as other sensitive “loser species” which are more associated with
rural areas. It may cause the general declining trend across the whole country

(Barnes et al., 2021, Stanbury et al., 2021).

6.2.4 Filtering species on traits?

Different groups of species, urban adapter or avoider, share some common
biological traits related to tolerance patterns, including nesting, diet, flexibility,
and behavioural habit (McClure, 1989, Lim, 2004, Clergeau et al. 2006, Kark et
al., 2007). Kark et al. (2007) and Croci et al. (2008) suggested that whether a
species is a potential urban avoider or adapter is linked to a combined set of
trait modalities. This leads to the theory that cities can act as a filter, attracting
adapters while rejecting avoiders with certain types of habits. This is the case
for a previous study on bee communities, in which urbanized landscape filters
specific ecological features facilitating bee’s colonization of the city centre
(Banaszak-Cibicka et al., 2012). A highly urbanized habitat is supposed to filter
birds with their diets, e.g., carnivore guild species (Kettel et al. 2018) and
species with scavenging diets (Evans et al. 2011). Further study on this topic is
focused on species functional traits, which are the characteristics of organisms

with demonstrable links to the organism'’s fitness (Cornelissen et al., 2003).

6.2.5 Cities as habitats

In this study, urban sites demonstrate increasing richness as well as turnover
rate over the 40 years to a greater extent than in the rural areas over the same
period. This result shows that, although human influence on bird diversity is
often presented in a negative way (e.g., noise, contamination, light disturbance,
habitat fragmentation), urban habitat holds attractions for some bird species.

Previous studies have shown that some features of city ecosystem, such as
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vegetation heterogeneity, landscape connectivity, urban green spaces,
waterbodies, exotic ornamental plants etc., can positively influence species
richness and diversity in urban areas (e.g., Faeth et al., 2011; Suri et al., 2017,
Rodrigues et al., 2018). One case study based on The African Bird Atlas Project
(Ostrich, 2021), analysing historical records of African birds, suggests that the
urban landscape is valuable for African birds. Another study (Facundo et al.,
2018) also suggests that the urbanized habitat sustains taxonomic diversity and
functional diversity for birds with no major loss in 30 years. However, the
support highly urbanized landscapes provide for the generalists and exotic
species did not fully compensate for the loss caused by urbanization (Sol et al.,
2017). There are also studies linking socio-economic features of cities with bird
diversity (Luck et al., 2013), including city sizes, human population, and income

levels.

6.3 Biases

6.3.1 The ornithological data and environmental data

The quality of atlas data is an important consideration for studies of this nature.
Usually, atlas projects should provide adequate information concerning data
quality to help researchers authenticate the appropriateness of the data for their

analysis and take limitations into consideration during analysis.

Well-designed atlas projects, including for example The Atlas of Breeding
Birds in Britain and Ireland, are designed to minimise biases within the data.
These two datasets have been compiled by skilled volunteer surveyors and
have been thoroughly validated and verified (see Chapter 1 for more details).
They provide carefully designed protocols to ensure that data are of a high

standard (BTO). This atlas project is designed to have approximately 20-year
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intervals and data collection over 3 periods, 1968-1972, 1988-1991 and 2007-
2011. Considering the recording effort of atlas data with the Frescalo analysis
(Hill, 2012), it is suggested that the amount of effort put into BA1970 (1968-
1972 breeding season) and BA2010 (2007-2011 breeding season) is
comparable which supporting the study of breeding season distribution

changes to be based on the BA1970 to BA2010 comparison.

6.3.2 Limitations of ornithological atlas data

The patterns of bird diversity show variability at different scales, both spatial
and temporal. The quality of the data is restricted by the limitations of spatial

scale, temporal resolution, and sampling bias.

6.3.2.1 Spatial scale

Spatial scale is one of the fundamental aspects when using atlas data. It has
two components: extent and grain (Whittaker et al., 2005). Spatial extent refers
to the region of the map or geographical area where the atlas project is set and
the atlas data collected. Grain, or spatial resolution, refers to the size of the
sampling unit for conducting a single observation. The size of the grain is
usually associated with the size of spatial extent. Atlas projects with smaller
spatial extents have finer spatial resolution, while atlas projects with larger

extent tend to have a coarser resolution (Dunn & Weston, 2008).

Atlas data at different spatial scales can be used to answer different
research questions. The fineness of the spatial resolution can severely affect
the types of research questions. The patterns of diversity can be different when
the grid cell fineness varies, even with the same atlas dataset (Whittaker et al.,
2005). For atlas data with fine resolution, the patterns of diversity can be

assembled to reveal the patterns of coarse resolution data. This study used
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atlas data of coarser resolution and larger extent, for example the BTO atlas
data 1970 and 2010, where the grid size is 10 km and the spatial extent covers
the whole of the UK. This dataset is capable of addressing topics for general
trend of bird distribution and turnover changes on a regional scale, but is not
suitable for such issues as species richness comparison at individual level. A
finer scale resolution is also needed to understand the combined regional
effects of climate and land use change (De Chazal & Rounsevell, 2009). Some
recent studies discussing bird distribution changes use coarse resolution atlas
data (the first European Breeding Bird Atlas, EBBA1) as background
information, always accompanied by other fine resolution data (Herrando et al.,

2019).

From the perspective of perusing more detailed and more informative
datasets, data of larger spatial extent and finer resolution is always to be
preferred. However, spatial resolution can be limited by the number of
observers and the geographical area covered by the investigation (Gibbons et
al., 2007). Considering the spatial extent of atlas projects, samples within each
10km square are collected at a finer tetrad scale, 25 in total combined with
record of tetrad (2 times surveyed). Inclusion in the dataset is based on the
number of tetrads surveyed to ensure that records are collected in particularly
vulnerable areas to provide more complex and sensitive coverage than other

part of the mapped region (Donald & Fuller, 1998).

6.3.2.2 Limitations in the environmental covariates

The main approach of this study is connecting the ornithological atlas data with
environmental data, which generates interesting insights into the relationships
between birds and the environment. In this study, the BTO atlas data in 1970
and 2010 were collected at a resolution of 10 km grid squares and only

presence/absence counts were recorded. The quality of these atlas data is
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better for assessing the effects of environmental change on avian distribution
shifts at national or landscape scales than for the detailed study of habitat
preference at individual bird level. However, suitable environmental data are
rarely available at the same geographical scale as the atlas data, which is a
significant obstacle when seeking to analyse the association between bird

communities and environmental change.

As the use of Geographical Information System (GIS) increases, the
possibility of producing applicable habitat data through GIS data products for
appropriate ornithological data at the same geographical scale is growing
(Leyequien et al., 2007). Deriving the environmental information, including
current and historical patterns of habitat, topography and climate, directly from
GIS products is one of the most accurate methods in generating precise
environmental data at the required spatial scale. One of the best-known remote
sensing products, Landsat, usually contains high quality data at a fine resolution
of 30 metres grid (Tucker et al., 2004; Hansen et al., 2012). This dataset is
suitable for individual bird level data with a resolution of 1 km square grid and
below but it can processed up to larger scales. Landsat data has a number of
known problems that require considerable preprocessing, such as atmospheric
corrections, data loss because of scan lines (in Landsat 7 data) and cloud
removal. Removing clouds from the map remains one of the knottiest issues
when using remote sensing data in research (Martinuzzi et al., 2007; Shen et
al., 2014). However, for most ecological purposes there are several

professionally prepared datasets that are available.

6.3.2.3 Temporal resolution
For the temporal analysis of atlas data, the length of time between samples (i.e.
the interval) is an important consideration and potential source of bias. Most

atlas projects start with collecting data over a discrete time period, and follow
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this with another phase at a later date in which the same sampling strategy is
used with equal sampling effort (Harrison et al., 2008). Many examples of
studies proved the feasibility of studying bird diversity range changes by
comparing atlas datasets from different years (Donald & Fuller 1998). This
study used the BTO atlas data project repeated for 3 phases with a time interval
of 20 years. However, given the known issues with the 1990 BTO data (Gillings
et al., 2019), the research presented here focused primarily on comparing the
atlas data in 1970 with the data in 2010. Using a time interval of this magnitude
(i.e., 40 years) could obscure lots of changes that have occurred during this

period (e.g., species going extinct and re-colonising).

6.3.2.4 Sampling bias

Sampling bias is a major problem in atlas datasets (e.g., Dennis et al., 1999)
and in the collection of any type of occurrence/abundance data (Funk &
Richardson, 2002). Sampling bias includes spatial bias, temporal bias and
taxonomic bias (Funk & Richardson, 2002). Spatial bias occurs when the
sampling effort is uneven across the geographical spatial scale, which means
some of the sampling units are visited less. Temporal bias happens when the
sampling effort varies along the temporal scale, which means records are
concentrated in one season or certain times of the year (Funk & Richardson,
2002). The BTO atlas data set contains two periods of sampling time: breeding
season and winter. Therefore, the result of this study, which is based on the
breeding data, should take temporal bias into consideration and care should be

taken over its interpretation if extrapolating to other seasons.

Besides spatial and temporal sampling bias, taxonomic bias is also very
important for atlas data; it occurs when the identification of species is not 100%
correct. Taxonomic bias also happens when some species may be over-

represented because they are more conspicuous, while some other species are
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under-represented as they are rare and/or inconspicuous (Dennis et al., 2006).
At the same time, low sampling effort may also cause taxonomic bias, due to
the possibility of lack of records of rarer species in certain sampling units
(Robertson et al., 1995). These elements of bias are well controlled for in the
BTO Atlas data but issues still exist. Gillings et al. (2008) assigned a detection
score evaluating the sampling effort, which reveals that the likelihood of missing
a species was significantly positively correlated to its detection score. Given the
coarse size of the grid squares and the use of multiple observers within each
square, it is believed that taxonomic bias is minimised in the BTO atlas data,
but some sampling issues may be present, particularly in difficult to sample

squares (e.g., in rural Scotland).

6.4 Future prospective

While this thesis has provided a range of novel findings, many unsolved
problems remain. For example, how does a change in land use correlate with
other environmental factors (i.e., an interaction) in its influence on species
richness and beta-diversity? Keil et al. (2012) emphasised the importance of
geographical scale and grain size when interpreting the impact of different
factors on beta-diversity, because all the relationships between distance and
beta-diversity depend on grain size and spatial extent. Due to the spatial
resolution of this study using atlas data (10 km grid), the general patterns of
bird diversity presented are at the regional scale. The detailed condition of bird
communities in individual UK cities at local scales is not known and cannot be
derived from these general patterns. It is likely that many sensitive groups of
species are associated with both local level and landscape level habitat
features, and thus the former will have been missed in the present research.
Other studies have demonstrated support for landscape-level effects on birds

in urban areas and have concluded that urbanization around forest patches and
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riparian areas affects bird diversity and abundance within these areas (e.g.,
Munyenyembe et al., 1989, Smith & Schaefer, 1992, Bolger et al., 1997,
Germaine et al., 1998, Saab, 1999). However, results from multiple-scale
studies have not consistently shown that these effects are significant (Berry and
Bock, 1998, Clergeau et al., 1998). Although landscape-level studies detect and
predict patterns, local-level and demographic studies are necessary to
determine many of the mechanisms involved in avian population and
community change. Therefore, for further research aiming to construct a
detailed profile of UK bird diversity and make predictions about the future trend

of bird communities, a multiscale approach is required.

Another unsolved question is why would urban winners fail to produce
larger populations? This question needs information not only from climate and
land cover data, but also about target species feeding, nesting and breeding
behaviour and interactions with other species on a local scale, e.g., competition
within the species and with other species as well as small predators like
domesticated cats (Fischer et al., 2012). In addition, the fundamental aspects
of vegetation, environmental structural complexity, ecological carrying capacity
and the knowledge of species physiological mechanisms, all require further

study (Evans et al., 2009c, Bonier, 2012, Huang et al., 2015).

Studies on the gradient between urban and rural areas also frequently
oversimplify cities (Theobald, 2004, Alberti, 2008). Instead of growing in a linear
gradient, cities in the real world develop quickly, intricately, non-linearly, and
expansively. In light of this, it is possible to make mistakes when using
categorical or quantitative measures of geographic linear distance in urban
ecological investigations. Numerous studies using urban land-use types and
landscape metrics can partially capture some of the non-linear heterogeneity

and complexity of cities, but they still oversimplify urban environments because
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they frequently predigest complex environmental drivers into a small number of
aggregated variables used in study design and data analysis (Alberti et al.,
2003). The complicated growth and dynamic nature of modern cities in the

context of a rapidly urbanising world must be taken into account in further work.

6.5 Conservation implications

The findings of the present work have conservation implications at multiple
levels, both in terms of the metrics used and operationally in terms of

conservation practice in urban areas.

6.5.1 Methodological considerations

Beta-diversity can offer important insights into the fundamental processes
underlying community assembly, diversity and dynamics (Myers & LaManna,
2016). Understanding the consequences of land use changes on taxonomic
diversity and establishing the connections between biodiversity and human-
induced disturbances remains a pressing issue. This research provides support
for the efficacy of beta-diversity in informing conservation strategies and

activities related to ecologically vulnerable regions or biodiversity hotspots.

Beta-diversity plays an important part in discerning the primary land-use
categories that contribute to the development of functional landscape
heterogeneity (Fahrig et al., 2011). The observed high beta diversity may be
linked to species replacement, which suggests that the implementation of
habitat conservation efforts will likely be effective (Hill et al., 2017). In cases
where disparities of richness influence beta diversity, conservation strategies

tend to focus on areas of higher taxonomic richness rather than sites with high
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beta diversity. This arises because high beta-diversity sites are essentially
subsets of locations characterised by high taxonomic richness, so have little
impact on the regional species pool (Hill et al., 2021). It is important to
acknowledge that higher levels of beta-diversity do not always correspond to
an increased conservation value (Socolar et al., 2016). The use of temporal
fluctuations in beta-diversity to evaluate biodiversity patterns requires an
assessment of the implications associated with these alterations. Specifically,
the association between high levels of beta-diversity and adverse conservation
results in places characterized by low-intensity activities should be

acknowledged (Santana et al., 2017).

While Beta-diversity serves as a valuable tool for disentangling the processes
involved in community assembly, there are important challenges that occur
when one tries to link processes to patterns (Myers and LaManna, 2016). One
further concern with the use of beta-diversity is its scale dependency,
necessitating a systematic evaluation at several scales before it is applied to a
conservation problem. Spatial heterogeneity and beta-diversity must be
evaluated and used for conservation objectives at appropriate scales in relation

to the target organism or habitat (e.g. Baldi & Batary, 2011).

6.5.2 Conservation practice in urban areas

The findings of this work suggest that over time in the UK avian communities
have become more homogenised, a pattern common to many such studies (e.g.
McKinney & Lockwood, 1999, Clergeau., et al. 2006). The process is likely a
result of trait filtering removing species that are highly sensitive to land use
change due their specific habitat requirements Homogenisation is frequently
seen as a negative but highly urbanized landscapes provide for generalists and
exotic species which offer opportunities for people to engage with wildlife in
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cities (Cox and Gaston, 2015), although it is clear that this does not fully

compensate for the loss caused by urbanization (Sol et al., 2017).

Moreover, studies illustrate that some features of a city ecosystem, such as
vegetation heterogeneity, landscape connectivity, urban green spaces,
waterbodies, exotic ornamental plants etc., can be managed to positively
influence avian species richness and diversity in urban areas (e.g., Faeth et al.,
2011, Suri et al., 2017, Rodrigues et al., 2018). This work has also shown that
in terms of enhancing the potential for urban avoiders woodland conservation

should be a key priority for conservation planning in city landscapes.
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Figures and tables

Chapter 1

Table Al The dataset, for an exemplar set of sites
grid NJ90 NS46 NS56 NS65 NS66
classify urban urban urban urban urban
city Aberdeen | Glasgow | Glasgow | Glasgow | Glasgow
population 196670 591620 | 591620 | 591620 | 591620
X1970 76 79 63 64 63
X2010 75 73 55 57 60
Breed_1970.2010 | -1 -6 -8 -7 -3
beta.sim 0.2 0.150685 | 0.2 0.192982 | 0.233333
beta.sne 0.005298 | 0.033526 | 0.054237 | 0.046687 | 0.018699
beta.sor 0.205298 | 0.184211 | 0.254237 | 0.239669 | 0.252033
cha_hil_gra -9.25926 | -15 0 -5 -4
grass_70 25.92593 | 52 5 57 35
urban_70 59.25926 | 44 77 40 31
crop_70 14.81481 | O 17 3 33
forest_70 0 4 0 0 1
grass_10 16.66667 | 37 5 52 31
urban_10 72.22222 | 47 94 43 60
crop_10 3.703704 |1 0 0 4
forest_10 7.407407 | 15 0 5 5
prec_70 11563.84 | 24214.71 | 21808.58 | 23243.92 | 21409.57
tavg_70 11.18365 | 12.46476 | 12.7513 | 11.79444 | 12.58612
tmin_70 7.939506 | 8.320148 | 8.809946 | 7.899721 | 8.554318
tmax_70 14.43602 | 16.59725 | 16.69924 | 15.72039 | 16.58797
range_70 6.496512 | 8.277104 | 7.889295 | 7.820674 | 8.033651
prec_10 10888.42 | 24477.36 | 23143.27 | 24546.65 | 22737.44
tavg_10 12.38306 | 13.55628 | 13.86819 | 12.97679 | 13.74371
tmin_10 9.140957 | 9.306572 | 9.82685 | 8.994206 | 9.629233
tmax_10 15.60979 | 17.8091 | 17.94626 | 17.01047 | 17.86123
range_10 6.468834 | 8.50253 | 8.119412 | 8.016263 | 8.231999
HI 51.89004 | 57.92807 | 61.06409 | 46.53837 | 55.99472
lon -2.08424 | -4.47766 | -4.31807 | -4.15348 | -4.15844
lat 57.13587 | 55.8532 | 55.85631 | 55.76943 | 55.85922
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Chapter 2
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Fig A2-1
Relationships between forest land cover and richness change & beta diversity (between 1970
and 2010), for urban and rural squares. Black lines are least square regression fits.
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Fig A2-2
Relationships between grass land and richness change & beta diversity (between 1970 and
2010), for urban and rural squares.
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Fig A2-3
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Relationships between crop land and richness change & beta diversity (between 1970 and
2010), for urban and rural squares.

Fig A2-4
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Chapter 3

Table A2 Axis length of variables from DCA results

(environmental predictors vs functional traits)

DCAl

DCAZ2

DCA3

DCA4

Axis lengths

0.17947

0.1069

0.1078

0.1078

("decorana” function in package”vegan” is used to calculate the axis length.)

Table A3 A selection of species data with the functional traits information from AVONET

grid Latin Name R/M Familyl Orderl Mass Habitat Trophic.Level | Trophic.Niche
Red.throated.Diver | Gavia stellata | migrant | Gaviidae Gaviiformes 1486.0 | Wetland | Carnivore Aquatic
predator
Black.throated.Diver | Gavia arctica | migrant | Gaviidae Gaviiformes 2251.1 | Wetland | Carnivore Aquatic
predator
Little.Grebe Tachybaptus | resident | Podicipedidae | Podicipediformes | 169.4 | Wetland | Carnivore Aquatic
ruficollis predator
Great.Crested.Grebe | Podiceps resident | Podicipedidae | Podicipediformes | 731.0 | Wetland | Carnivore Aquatic
cristatus predator
Black.necked.Grebe | Podiceps migrant | Podicipedidae | Podicipediformes | 412.4 | Wetland | Carnivore Aquatic
nigricollis predator
Bittern Botaurus resident | Ardeidae Pelecaniformes 1319.5 | Wetland | Carnivore Aquatic
stellaris predator

103



(AVONET ref: Tobias, J. A,, Sheard, C,, Pigot, A. L., Devenish, A. ], Yang, J., Sayol, F

geographical data for all birds. Ecology Letters, 25(3), 581-597.
Table A4 GLM model selection results for four response variables: richness change, and then the three temporal beta diversity indices (Sne, Sim, Sor). For

& Schleuning, M. (2022). AVONET: morphological, ecological and

each, all models with delta AIC values < 2 are presented. Variable importance values (i.e., the sum of AIC weights across models in which a variable is found)
are shown for all predictors.

Table A4-1 Richness change model

richness | A3 cha_urb classify HI lat slope_prec | slope_tav | slope_tmin | x1970 AIC
change
1 1.88518 NA NA NA 1.385061 | -1.08756 | NA 1.810735 -5.32764 | 1448.713
2 1.899854 | NA NA NA 1.129699 | NA NA 1.988042 -5.21128 | 1449.181
3 1.874302 | NA NA NA NA NA NA 1.454586 -5.4013 1449.433
4 1.924723 | NA NA NA 1.403027 | NA 2112302 | NA -5.21061 | 1449.458
5 1.858832 | NA NA NA NA -0.8227 NA 1.229242 -552181 | 1450.013
6 1.877274 | -0.50908 | NA NA 1445043 | -1.22373 | NA 1.827929 -5.42531 | 1450.268
7 1.904093 | NA NA NA 1462893 | -0.80678 | 1.783549 | NA -5.29247 | 1450.319
8 1.874435 | NA + NA 1.159728 | NA NA 1.960363 -5.16599 | 1450.445
9 1.881749 | NA NA NA NA NA 1.307356 | NA -5.40908 | 1450.477
10 1.87852 NA NA 0.526118 | 1.159218 | NA NA 1.917627 -5.15978 | 1450.638
11 1.824229 | -1.21017 | + NA 1.268576 | NA NA 2.015055 -5.2998 1450.69
12 1.918969 | NA NA NA 1.364905 | NA 1.066194 | 1.183331 -5.21604 | 1450.701
Table A 4-2 Importance of predictors (richness change model)
X1970 A3 Slope_tmin lat Slope_tav Slope_prec | Cha_urban | classify HI Cha_forest
weights 1.00 1.00 0.64 0.59 0.44 0.44 0.35 0.33 0.30 0.26
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Table A4-3 Beta.sim model

cha_crop | cha_forest | cha_urb classify HI lat slope_tav | slope_tmin | x1970 AIC
1 -0.00553 | NA NA NA 0.009927 | 0.015938 | 0.008078 | NA -0.00685 | -652.531
2 -0.00546 | NA NA + NA 0.016106 | 0.009227 | NA -0.00707 | -652.461
3 -0.00622 | -0.00473 | NA + NA 0.015889 | 0.00867 NA -0.00634 | -652.198
4 NA NA NA + NA 0.014613 | 0.009172 | NA -0.00667 | -652.152
5 NA NA NA NA 0.011016 | 0.014405 | 0.007903 | NA -0.00642 | -652.146
6 -0.00627 | -0.00449 | NA NA 0.008707 | 0.015762 | 0.007709 | NA -0.00619 | -652.053
7 NA -0.00377 | NA + NA 0.014273 | 0.008722 | NA -0.00604 | -651.231
8 NA -0.00349 | NA NA 0.010183 | 0.014108 | 0.007598 | NA -0.00586 | -651.03
9 NA NA 0.004376 | NA 0.008058 | 0.014038 | 0.008022 | NA -0.006 -650.957
10 -0.00576 | NA NA NA 0.009608 | 0.01617 | 0.012587 | -0.00501 -0.00687 | -650.951
11 -0.00658 | -0.00517 | NA + NA 0.016154 | 0.014225 | -0.00628 -0.00629 | -650.926
12 -0.00593 | -0.00544 | NA NA 0.009156 | 0.016834 | 0.007244 | NA NA -650.906
13 -0.00589 | -0.00574 | NA + NA 0.017004 | 0.008258 | NA NA -650.88
14 -0.00535 | NA NA NA 0.01136 | 0.011302 | NA NA -0.0065 -650.879
15 -0.00569 | NA NA + NA 0.016333 | 0.013679 | -0.00499 -0.00709 | -650.876
16 NA NA 0.004215 | + NA 0.014207 | 0.008969 | NA -0.0062 -650.857
17 -0.00664 | -0.00494 | NA NA 0.008184 | 0.016035 | 0.013321 | -0.00628 -0.00615 | -650.779
18 -0.00618 | -0.00494 | NA NA 0.009948 | 0.011341 | NA NA -0.0058 -650.748
19 NA NA NA NA 0.012385 | 0.009915 | NA NA -0.00609 | -650.677
20 NA NA NA NA 0.011665 | 0.015738 | 0.007506 | NA NA -650.676
21 -0.00543 | NA NA + 0.005445 | 0.015992 | 0.008553 | NA -0.00692 | -650.589
22 -0.00497 | NA NA NA 0.010726 | 0.017194 | 0.00764 NA NA -650.565
23 -0.00494 | NA 0.002131 | NA 0.008602 | 0.015597 | 0.008118 | NA -0.0066 -650.561
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Table A4-4 Importance of predictor (beta.sim model)

lat X1970 Slope_tav HI Cha_crop classify Cha_forest | Cha_urb Slope_tmin | Slope_prec | A4
weight 0.99 0.65 0.65 0.54 0.51 0.48 0.47 0.37 0.34 0.31 0.27
Table A4-5 Beta.sne model

betassne | A5 cha_crop | cha_forest | cha_urb HI slope_prec | slope_tav | slope_tmin | x1970 AIC

1 -2.20682 | NA NA NA NA NA -0.00677 | NA -0.00653 | -699.504

2 -2.15477 | 0.004211 | NA NA NA NA -0.00603 | NA -0.00614 | -699.388

3 -2.2035 NA NA -0.00358 | NA NA -0.00644 | NA -0.00718 | -698.842

4 -2.22214 | 0.004356 | NA NA NA NA NA -0.00512 -0.00637 | -698.264

5 -2.2854 NA NA NA NA NA NA -0.00589 -0.0068 -698.255

6 -2.11787 | 0.004506 | 0.002398 | NA NA NA -0.00575 | NA -0.00658 | -697.888

7 -2.27837 | NA NA -0.00386 | NA NA NA -0.00569 -0.00746 | -697.832

8 -2.16324 | 0.003348 | NA -0.00237 | NA NA -0.00597 | NA -0.00664 | -697.803

9 -2.18122 | NA 0.001846 | NA NA NA -0.00659 | NA -0.0069 -697.764

10 -2.27229 | NA NA -0.0062 0.003993 | NA -0.00718 | NA -0.00722 | -697.678

11 -2.20556 | NA NA NA NA 0.001723 | -0.00599 | NA -0.00634 | -697.649

12 NA 0.004408 | NA NA NA NA -0.0061 NA -0.00638 | -697.647

13 NA NA NA NA NA NA -0.00687 | NA -0.0068 -697.59

Table A4-6 Importance of predictors (beta.sne model)
X1970 A5 Slope_tav | Cha_cro Slope_tmin | Cha_urb Slope_prec | HI Cha_forest | lat classify
weight 0.81 0.72 0.57 0.47 0.39 0.38 0.32 0.30 0.30 0.28 0.28
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Table A4-7 Beta.sor model

betasor | A6 cha_crop | cha_forest | cha_urb classify HI lat x1970 AIC

1 NA NA NA NA NA 0.010685 | 0.013624 | -0.01325 | -714.8

2 0.74045 NA NA NA NA 0.010381 | 0.013994 | -0.01332 | -713.576

3 NA NA -0.00148 | NA NA 0.01031 | 0.013572 | -0.01302 | -712.926

4 NA NA NA -0.00156 | NA 0.011729 | 0.013779 | -0.0134 -712.838

Table A4-8 Importance of predictors (beta.sor model)
X1970 lat HI classify A6 Cha_forest | Slope_tav Cha_urb Slope_tmin | Cha_crop | Slope_prec
weight 1.00 1.00 0.79 0.40 0.35 0.29 0.28 0.28 0.27 0.27 0.26
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Chapter 4

Table A5 Axis length of variables from DCA results
(environmental predictors vs bird species)

DCA1 DCA2 DCA3 DCA4

Axis lengths 1.8938 1.1188 0.9817 1.3614




References (Full list)

Chapter 1

Akaike, H. (1973). Maximum likelihood identification of Gaussian autoregressive
moving average models. Biometrika, 60(2), 255-265.

Alberti, M., & Marzluff, J. M. (2004). Ecological resilience in urban ecosystems:
linking urban patterns to human and ecological functions. Urban Ecosystems,
7(3), 241-265.

Anderson, M. J. (2014). Permutational multivariate analysis of variance
(PERMANOVA). Wiley statsref: statistics reference online, 1-15.

Andersson, T. (1994). Tuning the macro diversity performance in a DS-CDMA
system. Proceedings of IEEE Vehicular Technology Conference (VTC),

Arroyo - Rodriguez, V., Rds, M., Escobar, F., Melo, F. P., Santos, B. A., Tabarelli, M.,
& Chazdon, R. (2013). Plant 8 - diversity in fragmented rain forests: testing
floristic homogenization and differentiation hypotheses. Journal of Ecology,
101(6), 1449-1458.

Barth, B. J., FitzGibbon, S. I., & Wilson, R. S. (2015). New urban developments that
retain more remnant trees have greater bird diversity. Landscape and Urban
Planning, 136, 122-129.

Baselga, A. (2010). Partitioning the turnover and nestedness components of beta
diversity. Global Ecology and Biogeography, 19(1), 134-143.

Baselga, A., & Orme, C. D. L. (2012). betapart: an R package for the study of beta
diversity. Methods in ecology and evolution, 3(5), 808-812.

Basset, Y., Cizek, L., Cuénoud, P., Didham, R. K., Novotny, V., @degaard, F., Roslin,
T., Tishechkin, A. K., Schmidl, J., & Winchester, N. N. (2015). Arthropod
distribution in a tropical rainforest: tackling a four dimensional puzzle. PloS one,

10(12), e0144110.



Batary, P., Kurucz, K., Suarez - Rubio, M., & Chamberlain, D. E. (2018). Non -
linearities in bird responses across urbanization gradients: A meta - analysis.
Global Change Biology, 24(3), 1046-1054.

Beninde, J., Veith, M., & Hochkirch, A. (2015). Biodiversity in cities needs space: a
meta - analysis of factors determining intra - urban biodiversity variation.
Ecology letters, 18(6), 581-592.

Berry, M. E., & Bock, C. E. (1998). Effects of habitat and landscape characteristics on
avian breeding distributions in Colorado foothills shrub. The Southwestern
Naturalist, 453-461.

Berry, M. E., Bock, C. E., & Haire, S. L. (1998). Abundance of diurnal raptors on open
space grasslands in an urbanized landscape. The Condor, 100(4), 601-608.

Blair, R. B. (1996). Land use and avian species diversity along an urban gradient.
Ecological applications, 6(2), 506-519.

Blair, R. B. (1999). Birds and butterflies along an urban gradient: surrogate taxa for
assessing biodiversity? Ecological applications, 9(1), 164-170.

Blair, R. B. (2001). Birds and butterflies along urban gradients in two ecoregions of
the United States: is urbanization creating a homogeneous fauna? In Biotic
homogenization (pp. 33-56). Springer.

Blair, R. B., & Launer, A. E. (1997). Butterfly diversity and human land use: Species
assemblages along an urban grandient. Biological conservation, 80(1), 113-125.

Blowes, S. A., Supp, S. R., Antdo, L. H., Bates, A., Bruelheide, H., Chase, J. M.,
Moyes, F., Magurran, A., McGill, B., & Myers-Smith, I. H. (2019). The geography
of biodiversity change in marine and terrestrial assemblages. Science,
366(6463), 339-345.

Boal, C. W. (2018). Urban raptor communities: Why some raptors and not others
occupy urban environments. In Urban Raptors (pp. 36-50). Springer.

Bolger, D. T., Alberts, A. C., Sauvajot, R. M., Potenza, P., McCalvin, C., Tran, D.,
Mazzoni, S., & Soulé, M. E. (1997). Response of rodents to habitat

fragmentation in coastal southern California. Ecological applications, 7(2), 552-



563.

Bolker, B. M., Brooks, M. E., Clark, C. J., Geange, S. W., Poulsen, J. R., Stevens, M.
H. H., & White, J.-S. S. (2009). Generalized linear mixed models: a practical
guide for ecology and evolution. Trends in ecology & evolution, 24(3), 127-135.

Bonnet-Lebrun, A.-S., Manica, A., & Rodrigues, A. S. (2020). Effects of urbanization
on bird migration. Biological conservation, 244, 108423.

Bunnell, F. L., & Huggard, D. J. (1999). Biodiversity across spatial and temporal
scales: problems and opportunities. Forest ecology and Management, 115(2-3),
113-126.

Callaghan, C. T., Benedetti, Y., Wilshire, J. H., & Morelli, F. (2020). Avian trait
specialization is negatively associated with urban tolerance. Oikos, 129(10),
1541-1551.

Callaghan, C. T., Major, R. E., Wilshire, J. H., Martin, J. M., Kingsford, R. T., &
Cornwell, W. K. (2019). Generalists are the most urban - tolerant of birds: a
phylogenetically controlled analysis of ecological and life history traits using a
novel continuous measure of bird responses to urbanization. Oikos, 128(6), 845-
858.

Calow, P. (1987). Towards a definition of functional ecology. Functional Ecology, 1(1),
57-61.

Carignan, V., & Villard, M.-A. (2002). Selecting indicator species to monitor ecological
integrity: a review. Environmental monitoring and assessment, 78(1), 45-61.
Caula, S., Marty, P., & Martin, J.-L. (2008). Seasonal variation in species composition
of an urban bird community in Mediterranean France. Landscape and Urban

Planning, 87(1), 1-9.

Cavender - Bares, J., Kozak, K. H., Fine, P. V., & Kembel, S. W. (2009). The merging
of community ecology and phylogenetic biology. Ecology letters, 12(7), 693-715.

Ceballos, G., Ehrlich, P. R., Barnosky, A. D., Garcia, A., Pringle, R. M., & Palmer, T.
M. (2015). Accelerated modern human—induced species losses: Entering the

sixth mass extinction. Science advances, 1(5), e1400253.



Chace, J. F., & Walsh, J. J. (2006). Urban effects on native avifauna: a review.
Landscape and Urban Planning, 74(1), 46-69.

Clavel, J., Julliard, R., & Devictor, V. (2011). Worldwide decline of specialist species:
toward a global functional homogenization? Frontiers in Ecology and the
Environment, 9(4), 222-228.

Clergeau, P., Croci, S., Jokimaki, J., Kaisanlahti-Jokimaki, M.-L., & Dinetti, M. (2006).
Avifauna homogenisation by urbanisation: analysis at different European
latitudes. Biological conservation, 127(3), 336-344.

Clergeau, P., Jokimaki, J., & Savard, J. P. L. (2001). Are urban bird communities
influenced by the bird diversity of adjacent landscapes? Journal of applied
ecology, 38(5), 1122-1134.

Clergeau, P., Savard, J.-P. L., Mennechez, G., & Falardeau, G. (1998). Bird
abundance and diversity along an urban-rural gradient: a comparative study
between two cities on different continents. The Condor, 100(3), 413-425.

Collins, S. L., Micheli, F., & Hartt, L. (2000). A method to determine rates and patterns
of variability in ecological communities. Oikos, 91(2), 285-293.

Connell, J. H. (1978). Diversity in tropical rain forests and coral reefs: high diversity of
trees and corals is maintained only in a nonequilibrium state. Science,
199(4335), 1302-1310.

De Caceres, M., Jansen, F., & De Caceres, M. M. (2016). Package ‘indicspecies’.
indicators, 8(1).

De Caceres, M., Legendre, P., & Moretti, M. (2010). Improving indicator species
analysis by combining groups of sites. Oikos, 119(10), 1674-1684.

Devictor, V., Julliard, R., Couvet, D., Lee, A., & Jiguet, F. (2007). Functional
homogenization effect of urbanization on bird communities. Conservation
Biology, 21(3), 741-751.

Dornelas, M., Gotelli, N. J., Shimadzu, H., Moyes, F., Magurran, A. E., & McGill, B. J.
(2019). A balance of winners and losers in the Anthropocene. Ecology letters,

22(5), 847-854.



Echeverria - Caro, A., Feldman, R. E., & Bahn, V. (2022). Geographic context is a
key driver of spatial variation of bird species richness during migration. Global
Ecology and Biogeography.

Estevo, C. A., Nagy-Reis, M. B., & Nichols, J. D. (2017). When habitat matters:
Habitat preferences can modulate co-occurrence patterns of similar sympatric
species. PloS one, 12(7), e0179489.

Evans, K. L., Chamberlain, D. E., Hatchwell, B. J., Gregory, R. D., & Gaston, K. J.
(2011). What makes an urban bird? Global Change Biology, 17(1), 32-44.

Evans, K. L., Newson, S. E., & Gaston, K. J. (2009). Habitat influences on urban
avian assemblages. Ibis, 151(1), 19-39.

Faeth, S. H., Bang, C., & Saari, S. (2011). Urban biodiversity: patterns and
mechanisms. Annals of the New York Academy of Sciences, 1223(1), 69-81.

Fahrig, L. (1997). Relative effects of habitat loss and fragmentation on population
extinction. The Journal of wildlife management, 603-610.

Ferenc, M., Fjeldsa, J., Sedlacek, O., Motombi, F. N., Djomo Nana, E., Mudrova, K.,
& Horak, D. (2016). Abundance-area relationships in bird assemblages along an
Afrotropical elevational gradient: space limitation in montane forest selects for
higher population densities. Oecologia, 181(1), 225-233.

Ferenc, M., Sedlacek, O., & Fuchs, R. (2014). How to improve urban greenspace for
woodland birds: site and local-scale determinants of bird species richness.
Urban Ecosystems, 17(2), 625-640.

Ferenc, M., Sedlacek, O., Fuchs, R., Dinetti, M., Fraissinet, M., & Storch, D. (2014).
Are cities different? Patterns of species richness and beta diversity of urban bird
communities and regional species assemblages in E urope. Global Ecology and
Biogeography, 23(4), 479-489.

Ferenc, M., Sedlacek, O., Fuchs, R., Fraissinet, M., & Storch, D. (2019). Geographic
trends in range sizes explain patterns in bird responses to urbanization in
Europe. European Journal of Ecology, 5(2), 16-29.

Fernandez, C., & Steel, M. F. (1998). On Bayesian modeling of fat tails and



skewness. Journal of the american statistical association, 93(441), 359-371.

Fick, S. E., & Hijmans, R. J. (2017). WorldClim 2: new 1 - km spatial resolution
climate surfaces for global land areas. International journal of climatology,
37(12), 4302-4315.

Fidino, M., & Magle, S. B. (2017). Trends in long-term urban bird research. Ecology
and conservation of birds in urban environments, 161-184.

Filgueiras, B. K., Peres, C. A., Melo, F. P, Leal, |. R., & Tabarelli, M. (2021). Winner—
loser species replacements in human-modified landscapes. Trends in ecology &
evolution, 36(6), 545-555.

Fuchs, R., Herold, M., Verburg, P. H., & Clevers, J. G. (2013). A high-resolution and
harmonized model approach for reconstructing and analysing historic land
changes in Europe. Biogeosciences, 10(3), 1543-1559.

Fuchs, R., Herold, M., Verburg, P. H., Clevers, J. G., & Eberle, J. (2015). Gross
changes in reconstructions of historic land cover/use for Europe between 1900
and 2010. Global Change Biology, 21(1), 299-313.

Fuchs, R., Verburg, P. H., Clevers, J. G., & Herold, M. (2015). The potential of old
maps and encyclopaedias for reconstructing historic European land cover/use
change. Applied Geography, 59, 43-55.

Futuyma, D. J., & Moreno, G. (1988). The evolution of ecological specialization.
Annual review of Ecology and Systematics, 207-233.

Gagic, V., Bartomeus, I., Jonsson, T., Taylor, A., Winqvist, C., Fischer, C., Slade, E.
M., Steffan-Dewenter, |., Emmerson, M., & Potts, S. G. (2015). Functional
identity and diversity of animals predict ecosystem functioning better than
species-based indices. Proceedings of the Royal Society B: Biological Sciences,
282(1801), 20142620.

Germaine, S. S., Rosenstock, S. S., Schweinsburg, R. E., & Richardson, W. S.
(1998). Relationships among breeding birds, habitat, and residential
development in greater Tucson, Arizona. Ecological applications, 8(3), 680-691.

Gillings, S., Balmer, D. E., Caffrey, B. J., Downie, I. S., Gibbons, D. W., Lack, P. C.,



Reid, J. B., Sharrock, J. T. R., Swann, R. L., & Fuller, R. J. (2019). Breeding and
wintering bird distributions in Britain and Ireland from citizen science bird atlases.
Global Ecology and Biogeography, 28(7), 866-874.

Gillings, S., Balmer, D. E., Caffrey, B. J., Downie, I. S., Gibbons, D. W., Lack, P. C.,
Reid, J. B., Sharrock, J. T. R., Swann, R. L., & Fuller, R. J. (2019). Breeding and
wintering bird distributions in Britain and Ireland from citizen science bird atlases.
Global Ecology and Biogeography, 28(7), 866-874.

Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. L., Wu, J., Bai, X., &
Briggs, J. M. (2008). Global change and the ecology of cities. Science,
319(5864), 756-760.

Gutiérrez-Tapia, P., Azécar, M. 1., & Castro, S. A. (2018). A citizen-based platform
reveals the distribution of functional groups inside a large city from the Southern
Hemisphere: e-Bird and the urban birds of Santiago (Central Chile). Revista
chilena de historia natural, 91.

Harrison, S., & Bruna, E. (1999). Habitat fragmentation and large - scale
conservation: what do we know for sure? Ecography, 22(3), 225-232.

Hatosy, S. M., Martiny, J. B., Sachdeva, R., Steele, J., Fuhrman, J. A., & Martiny, A.
C. (2013). Beta diversity of marine bacteria depends on temporal scale. Ecology,
94(9), 1898-1904.

Hensley, C. B., Trisos, C. H., Warren, P. S., MacFarland, J., Blumenshine, S., Reece,
J., & Katti, M. (2019). Effects of urbanization on native bird species in three
southwestern US Cities. Frontiers in Ecology and Evolution, 7, 71.

Hindmarch, S., & Elliott, J. E. (2015). A specialist in the city: the diet of barn owls
along a rural to urban gradient. Urban Ecosystems, 18(2), 477-488.

Holland, S. M. (2008). Non-metric multidimensional scaling (MDS). Department of
Geology, University of Georgia, Athens, Tech. Rep. GA, 30602-32501.

Hsu, H., & Lachenbruch, P. A. (2014). Paired t test. Wiley statsref: statistics reference
online.

Ibafiez - Alamo, J. D., Rubio, E., Benedetti, Y., & Morelli, F. (2017). Global loss of



avian evolutionary uniqueness in urban areas. Global Change Biology, 23(8),
2990-2998.

Jauni, M., Gripenberg, S., & Ramula, S. (2015). Non - native plant species benefit
from disturbance: a meta - analysis. Oikos, 124(2), 122-129.

Julliard, R., Clavel, J., Devictor, V., Jiguet, F., & Couvet, D. (2006). Spatial
segregation of specialists and generalists in bird communities. Ecology letters,
9(11), 1237-1244.

Julliard, R., Jiguet, F., & Couvet, D. (2004). Common birds facing global changes:
what makes a species at risk? Global Change Biology, 10(1), 148-154.

Kark, S., lwaniuk, A., Schalimtzek, A., & Banker, E. (2007). Living in the city: can
anyone become an ‘urban exploiter'? Journal of Biogeography, 34(4), 638-651.

Kettel, E. F.,, Gentle, L. K., Quinn, J. L., & Yarnell, R. W. (2018). The breeding
performance of raptors in urban landscapes: a review and meta-analysis.
Journal of Ornithology, 159(1), 1-18.

Kim, T. K. (2015). T test as a parametric statistic. Korean journal of anesthesiology,
68(6), 540-546.

Kitahara, M., Sei, K., & Fujii, K. (2000). Patterns in the structure of grassland butterfly
communities along a gradient of human disturbance: further analysis based on
the generalist/specialist concept. Population Ecology, 42(2), 135-144.

Kruskal, J. B. (1964). Multidimensional scaling by optimizing goodness of fit to a
nonmetric hypothesis. Psychometrika, 29(1), 1-27.

La Sorte, F. A., Aronson, M. F., Williams, N. S., Celesti - Grapow, L., Cilliers, S.,
Clarkson, B. D., Dolan, R. W., Hipp, A., Klotz, S., & Kihn, I. (2014). Beta
diversity of urban floras among E uropean and non - E uropean cities. Global
Ecology and Biogeography, 23(7), 769-779.

La Sorte, F. A., & Boecklen, W. J. (2005). Changes in the diversity structure of avian
assemblages in North America. Global Ecology and Biogeography, 14(4), 367-
378.

La Sorte, F. A., & Boecklen, W. J. (2005). Temporal turnover of common species in



avian assemblages in North America. Journal of Biogeography, 32(7), 1151-
1160.

La Sorte, F. A., Lepczyk, C. A., Aronson, M. F., Goddard, M. A., Hedblom, M., Katti,
M., MacGregor - Fors, |., Mértberg, U., Nilon, C. H., & Warren, P. S. (2018). The
phylogenetic and functional diversity of regional breeding bird assemblages is
reduced and constricted through urbanization. Diversity and Distributions, 24(7),
928-938.

La Sorte, F. A,, Tingley, M. W., & Hurlbert, A. H. (2014). The role of urban and
agricultural areas during avian migration: an assessment of within - year
temporal turnover. Global Ecology and Biogeography, 23(11), 1225-1234.

Laureto, L. M. O., Cianciaruso, M. V., & Samia, D. S. M. (2015). Functional diversity:
an overview of its history and applicability. Natureza & Conservagéao, 13(2), 112-
116.

Legendre, P. (2012). and Legendre, L., Numerical Ecology, 3rd English ed. In:
Amsterdam, Elsevier.

Lepczyk, C. A., Aronson, M. F., Evans, K. L., Goddard, M. A., Lerman, S. B., &
Maclvor, J. S. (2017). Biodiversity in the city: fundamental questions for
understanding the ecology of urban green spaces for biodiversity conservation.
BioScience, 67(9), 799-807.

Lepczyk, C. A., Flather, C. H., Radeloff, V. C., Pidgeon, A. M., Hammer, R. B., & Liu,
J. (2008). Human impacts on regional avian diversity and abundance.
Conservation Biology, 22(2), 405-416.

Lepczyk, C. A., Sorte, F. A. L., Aronson, M. F., Goddard, M. A., MacGregor-Fors, |.,
Nilon, C. H., & Warren, P. S. (2017). Global patterns and drivers of urban bird
diversity. In Ecology and conservation of birds in urban environments (pp. 13-
33). Springer.

Leveau, L. M. (2013). Bird traits in urban-rural gradients: how many functional
groups are there? Journal of Ornithology, 154(3), 655-662.

Leveau, L. M. (2018). Urbanization, environmental stabilization and temporal

10



persistence of bird species: a view from Latin America. PeerJ, 6, e6056.

Leveau, L. M., Isla, F. |., & Bellocq, M. I. (2018). Predicting the seasonal dynamics of
bird communities along an urban-rural gradient using NDVI. Landscape and
Urban Planning, 177, 103-113.

Leveau, L. M., & Leveau, C. M. (2016). Does urbanization affect the seasonal
dynamics of bird communities in urban parks? Urban Ecosystems, 19(2), 631-
647.

Leveau, L. M., Leveau, C. M., Villegas, M., Cursach, J. A., & Suazo, C. G. (2017).
Bird communities along urbanization gradients: a comparative analysis among
three Neotropical cities.

Lewis, S. L., Lloyd, J. J., Sitch, S., Mitchard, E., & Laurance, W. F. (2009). Changing
ecology of tropical forests: evidence and drivers. Annual Review in Ecology,
Evolution and Systematics.

Lichstein, J. W., Simons, T. R., & Franzreb, K. E. (2002). Landscape effects on
breeding songbird abundance in managed forests. Ecological applications,
12(3), 836-857.

Lichstein, J. W., Simons, T. R., Shriner, S. A., & Franzreb, K. E. (2002). Spatial
autocorrelation and autoregressive models in ecology. Ecological monographs,
72(3), 445-463.

Lim, H. C., & Sodhi, N. S. (2004). Responses of avian guilds to urbanisation in a
tropical city. Landscape and Urban Planning, 66(4), 199-215.

Lébo, D., Leao, T., Melo, F. P., Santos, A. M., & Tabarelli, M. (2011). Forest
fragmentation drives Atlantic forest of northeastern Brazil to biotic
homogenization. Diversity and Distributions, 17(2), 287-296.

Loreau, M., Naeem, S., Inchausti, P., Bengtsson, J., Grime, J. P., Hector, A., Hooper,
D., Huston, M., Raffaelli, D., & Schmid, B. (2001). Biodiversity and ecosystem
functioning: current knowledge and future challenges. Science, 294(5543), 804-
808.

MacGregor-Fors, |., Morales-Pérez, L., & Schondube, J. E. (2010). Migrating to the

11



city: responses of neotropical migrant bird communities to urbanization. The
Condor, 112(4), 711-717.

Magalhaes, C., & Pereira, G. (2007). Assessment of the decapod crustacean
diversity in the Guayana Shield region aiming at conservation decisions. Biota
Neotropica, 7, 111-124.

Magalhaes, M. F., Beja, P., Schlosser, I. J., & COLLARES - PEREIRA, M. J. (2007).
Effects of multi - year droughts on fish assemblages of seasonally drying
Mediterranean streams. Freshwater Biology, 52(8), 1494-1510.

Magle, S. B., Hunt, V. M., Vernon, M., & Crooks, K. R. (2012). Urban wildlife
research: past, present, and future. Biological conservation, 155, 23-32.

Magurran, A. E. (2016). How ecosystems change. Science, 351(6272), 448-449.

Marvier, M., Kareiva, P., & Neubert, M. G. (2004). Habitat destruction, fragmentation,
and disturbance promote invasion by habitat generalists in a multispecies
metapopulation. Risk Analysis: An International Journal, 24(4), 869-878.

Marzluff, J. M. (2001). Worldwide urbanization and its effects on birds. In Avian
ecology and conservation in an urbanizing world (pp. 19-47). Springer.

Marzluff, J. M. (2014). Welcome to subirdia: sharing our neighborhoods with wrens,
robins, woodpeckers, and other wildlife. Yale University Press.

Marzluff, J. M. (2017). A decadal review of urban ornithology and a prospectus for the
future. Ibis, 159(1), 1-13.

Marzluff, J. M., & Angell, T. (2005). Cultural coevolution: How the human bond with
crows and ravens extends theory and raises new questions. Journal of
Ecological Anthropology, 9(1), 69-75.

Marzluff, J. M., Clucas, B., Oleyar, M. D., & DeLap, J. (2016). The causal response of
avian communities to suburban development: a quasi-experimental, longitudinal
study. Urban Ecosystems, 19(4), 1597-1621.

Marzluff, J. M., Millspaugh, J. J., Hurvitz, P., & Handcock, M. S. (2004). Relating
resources to a probabilistic measure of space use: forest fragments and Steller's

jays. Ecology, 85(5), 1411-1427.

12



Matsuoka, S., Kawaguchi, E., & Osono, T. (2016). Temporal distance decay of
similarity of ectomycorrhizal fungal community composition in a subtropical
evergreen forest in Japan. FEMS Microbiology Ecology, 92(5).

Matthews, J. (1978). An application of nhon-metric multidimensional scaling to the
construction of an improved species plexus. The Journal of Ecology, 157-173.

McKinney, M. L. (2002). Urbanization, Biodiversity, and ConservationThe impacts of
urbanization on native species are poorly studied, but educating a highly
urbanized human population about these impacts can greatly improve species
conservation in all ecosystems. BioScience, 52(10), 883-890.

McKinney, M. L. (2006). Urbanization as a major cause of biotic homogenization.
Biological conservation, 127(3), 247-260.

McMeans, B. C., McCann, K. S., Humphries, M., Rooney, N., & Fisk, A. T. (2015).
Food web structure in temporally-forced ecosystems. Trends in ecology &
evolution, 30(11), 662-672.

Meffert, P. J., & Dziock, F. (2013). The influence of urbanisation on diversity and trait
composition of birds. Landscape Ecology, 28(5), 943-957.

Mihoub, J.-B., Henle, K., Titeux, N., Brotons, L., Brummitt, N. A., & Schmeller, D. S.
(2017). Setting temporal baselines for biodiversity: the limits of available
monitoring data for capturing the full impact of anthropogenic pressures.
Scientific Reports, 7(1), 1-13.

Mihoub, J.-B., Henle, K., Titeux, N., Brotons, L., Brummitt, N. A., & Schmeller, D. S.
(2017). Setting temporal baselines for biodiversity: the limits of available
monitoring data for capturing the full impact of anthropogenic pressures.
Scientific Reports, 7(1), 1-13.

Mittelbach, G. G., & Schemske, D. W. (2015). Ecological and evolutionary
perspectives on community assembly. Trends in ecology & evolution, 30(5), 241-
247.

Morante - Filho, J. C., Arroyo - Rodriguez, V., & Faria, D. (2016). Patterns and

predictors of 3 - diversity in the fragmented Brazilian Atlantic forest: a multiscale

13



analysis of forest specialist and generalist birds. Journal of Animal Ecology,
85(1), 240-250.

Morelli, F., Benedetti, Y., Ibafez - Alamo, J. D., Jokimaki, J., Mand, R., Tryjanowski,
P., & Mgller, A. P. (2016). Evidence of evolutionary homogenization of bird
communities in urban environments across Europe. Global Ecology and
Biogeography, 25(11), 1284-1293.

Morelli, F., Benedetti, Y., Su, T., Zhou, B., Moravec, D., Simov3, P., & Liang, W.
(2017). Taxonomic diversity, functional diversity and evolutionary uniqueness in
bird communities of Beijing's urban parks: effects of land use and vegetation
structure. Urban Forestry & Urban Greening, 23, 84-92.

Morris, D. W., & Heidinga, L. (1997). Balancing the books on biodiversity. In (pp. 287-
289): JSTOR.

Munyenyembe, F., Harris, J., Hone, J., & Nix, H. (1989). Determinants of bird
populations in an urban area. Australian Journal of Ecology, 14(4), 549-557.

Nakagawa, S., & Schielzeth, H. (2013). A general and simple method for obtaining
R2 from generalized linear mixed - effects models. Methods in ecology and
evolution, 4(2), 133-142.

Nowak, D. J., Crane, D. E., & Stevens, J. C. (2006). Air pollution removal by urban
trees and shrubs in the United States. Urban Forestry & Urban Greening, 4(3-4),
115-123.

Olden, J. D., Poff, N. L., Douglas, M. R., Douglas, M. E., & Fausch, K. D. (2004).
Ecological and evolutionary consequences of biotic homogenization. Trends in
ecology & evolution, 19(1), 18-24.

Olden, J. D., & Rooney, T. P. (2006). On defining and quantifying biotic
homogenization. Global Ecology and Biogeography, 15(2), 113-120.

Oliveira Hagen, E., Hagen, O., Ibafiez-Alamo, J. D., Petchey, O. L., & Evans, K. L.
(2017). Impacts of urban areas and their characteristics on avian functional
diversity. Frontiers in Ecology and Evolution, 5, 84.

Owens, |. P., & Bennett, P. M. (2000). Ecological basis of extinction risk in birds:

14



habitat loss versus human persecution and introduced predators. Proceedings
the National Academy of Sciences, 97(22), 12144-12148.

Paradis, E., Baillie, S. R., Sutherland, W. J., Dudley, C., Crick, H. Q., & Gregory, R.
D. (2000). Large - scale spatial variation in the breeding performance of song
thrushes Turdus philomelos and blackbirds T. merula in Britain. Journal of
applied ecology, 37, 73-87.

Parris, K. M., & Schneider, A. (2009). Impacts of traffic noise and traffic volume on
birds of roadside habitats. Ecology and society, 14(1).

Patankar, S., Jambhekar, R., Suryawanshi, K. R., & Nagendra, H. (2021). Which
traits influence bird survival in the city? A review. Land, 10(2), 92.

Paton, G. D., Shoffner, A. V., Wilson, A. M., & Gagné, S. A. (2019). The traits that
predict the magnitude and spatial scale of forest bird responses to urbanization
intensity. PloS one, 14(7), e0220120.

Pellissier, L., Fiedler, K., Ndribe, C., Dubuis, A., Pradervand, J. N., Guisan, A., &
Rasmann, S. (2012). Shifts in species richness, herbivore specialization, and
plant resistance along elevation gradients. Ecology and Evolution, 2(8), 1818-
1825.

Pellissier, L., Ndiribe, C., Dubuis, A., Pradervand, J. N., Salamin, N., Guisan, A., &
Rasmann, S. (2013). Turnover of plant lineages shapes herbivore phylogenetic
beta diversity along ecological gradients. Ecology letters, 16(5), 600-608.

Petchey, O. L., & Gaston, K. J. (2006). Functional diversity: back to basics and
looking forward. Ecology letters, 9(6), 741-758.

Pindyck, R. S. (2020). Fat tails, thin tails, and climate change policy. Review of
Environmental Economics and Policy.

Qian, H., & Guo, Q. (2010). Linking biotic homogenization to habitat type,
invasiveness and growth form of naturalized alien plants in North America.
Diversity and Distributions, 16(1), 119-125.

Rahbek, C. (2005). The role of spatial scale and the perception of large - scale

species - richness patterns. Ecology letters, 8(2), 224-239.

of

15



Ramalho, C. E., & Hobbs, R. J. (2012). Time for a change: dynamic urban ecology.
Trends in ecology & evolution, 27(3), 179-188.

Ramenofsky, M. (2012). Reconsidering the role of photoperiod in relation to effects of
precipitation and food availability on spring departure of a migratory bird.
Proceedings of the Royal Society B: Biological Sciences, 279(1726), 15-16.

Rao, C. R. (1964). The use and interpretation of principal component analysis in
applied research. Sankhya: The Indian Journal of Statistics, Series A, 329-358.

Riem, J. G., Blair, R. B., Pennington, D. N., & Solomon, N. G. (2012). Estimating
mammalian species diversity across an urban gradient. The American midland
naturalist, 168(2), 315-332.

Saab, V. (1999). Importance of spatial scale to habitat use by breeding birds in
riparian forests: a hierarchical analysis. Ecological applications, 9(1), 135-151.

Saari, S., Richter, S., Higgins, M., Oberhofer, M., Jennings, A., & Faeth, S. H. (2016).
Urbanization is not associated with increased abundance or decreased richness
of terrestrial animals-dissecting the literature through meta-analysis. Urban
Ecosystems, 19(3), 1251-1264.

Sanderson, E. W., Jaiteh, M., Levy, M. A., Redford, K. H., Wannebo, A. V., &
Woolmer, G. (2002). The human footprint and the last of the wild: the human
footprint is a global map of human influence on the land surface, which suggests
that human beings are stewards of nature, whether we like it or not. BioScience,
52(10), 891-904.

Schitz, C., & Schulze, C. H. (2015). Functional diversity of urban bird communities:
effects of landscape composition, green space area and vegetation cover.
Ecology and Evolution, 5(22), 5230-5239.

Semenick, D. (1990). Tests and measurements: The T-test. Strength & Conditioning
Journal, 12(1), 36-37.

Shafer, C. L. (1997). Terrestrial nature reserve design at the urban/rural interface. In
Conservation in highly fragmented landscapes (pp. 345-378). Springer.

Sharrock, J. T. R. (2010). The atlas of breeding birds in Britain and Ireland. A&C

16



Black.

Shepard, R. N., & Feng, C. (1972). A chronometric study of mental paper folding.
Cognitive psychology, 3(2), 228-243.

Shochat, E., Warren, P. S., Faeth, S. H., Mclntyre, N. E., & Hope, D. (2006). From
patterns to emerging processes in mechanistic urban ecology. Trends in ecology
& evolution, 21(4), 186-191.

Smith, R. J., & Schaefer, J. M. (1992). Avian characteristics of an urban riparian strip
corridor. The Wilson Bulletin, 732-738.

Soininen, J., McDonald, R., & Hillebrand, H. (2007). The distance decay of similarity
in ecological communities. Ecography, 30(1), 3-12.

Sol, D., Bartomeus, |., Gonzalez - Lagos, C., & Pavoine, S. (2017). Urbanisation and
the loss of phylogenetic diversity in birds. Ecology letters, 20(6), 721-729.

Sol, D., Gonzalez - Lagos, C., Moreira, D., Maspons, J., & Lapiedra, O. (2014).
Urbanisation tolerance and the loss of avian diversity. Ecology letters, 17(8),
942-950.

Soule, M. E. (1991). Land use planning and wildlife maintenance: guidelines for
conserving wildlife in an urban landscape. Journal of the American Planning
Association, 57(3), 313-323.

Spear, D., & Chown, S. L. (2008). Taxonomic homogenization in ungulates: patterns
and mechanisms at local and global scales. Journal of Biogeography, 35(11),
1962-1975.

Stegen, J. C., Freestone, A. L., Crist, T. O., Anderson, M. J., Chase, J. M., Comita, L.
S., Cornell, H. V., Davies, K. F., Harrison, S. P., & Hurlbert, A. H. (2013).
Stochastic and deterministic drivers of spatial and temporal turnover in breeding
bird communities. Global Ecology and Biogeography, 22(2), 202-212.

Summers, P. D., Cunnington, G. M., & Fahrig, L. (2011). Are the negative effects of
roads on breeding birds caused by traffic noise? Journal of applied ecology,
48(6), 1527-1534.

Suri, J., Anderson, P. M., Charles-Dominique, T., Hellard, E., & Cumming, G. S.

17



(2017). More than just a corridor: A suburban river catchment enhances bird
functional diversity. Landscape and Urban Planning, 157, 331-342.

Suri, J., Sumasgutner, P., Hellard, E. Koeslag, A., & Amar, A. (2017). Stability in prey
abundance may buffer Black Sparrowhawks Accipiter melanoleucus from health
impacts of urbanization. Ibis, 159(1), 38-54.

Swenson, N. G. (2014). Phylogenetic imputation of plant functional trait databases.
Ecography, 37(2), 105-110.

Tayleur, C. M., Devictor, V., Gauzere, P., Jonzén, N., Smith, H. G., & Lindstrém, A
(2016). Regional variation in climate change winners and losers highlights the
rapid loss of cold - dwelling species. Diversity and Distributions, 22(4), 468-480.

Thomas, D. W., Blondel, J., Perret, P., Lambrechts, M. M., & Speakman, J. R. (2001).
Energetic and fithess costs of mismatching resource supply and demand in
seasonally breeding birds. Science, 291(5513), 2598-2600.

Threlfall, C. G., Williams, N. S., Hahs, A. K., & Livesley, S. J. (2016). Approaches to
urban vegetation management and the impacts on urban bird and bat
assemblages. Landscape and Urban Planning, 153, 28-39.

Tilman, D., Fargione, J., Wolff, B., D'antonio, C., Dobson, A., Howarth, R., Schindler,
D., Schlesinger, W. H., Simberloff, D., & Swackhamer, D. (2001). Forecasting
agriculturally driven global environmental change. Science, 292(5515), 281-284.

Tilman, D., & Lehman, C. (2001). Human-caused environmental change: impacts on
plant diversity and evolution. Proceedings of the National Academy of Sciences,
98(10), 5433-5440.

Tilman, D., & Pacala, S. (1993). The maintenance of species richness in plant
communities. Scanning Electron Microsc Meet at, 13-25.

Tratalos, J., Fuller, R. A., Warren, P. H., Davies, R. G., & Gaston, K. J. (2007). Urban
form, biodiversity potential and ecosystem services. Landscape and Urban
Planning, 83(4), 308-317.

Tryjanowski, P., Morelli, F., Mikula, P., Kristin, A., Indykiewicz, P., Grzywaczewski, G.,

Kronenberg, J., & Jerzak, L. (2017). Bird diversity in urban green space: A large-

18



scale analysis of differences between parks and cemeteries in Central Europe.
Urban Forestry & Urban Greening, 27, 264-271.

Tuomisto, H. (2010). A diversity of beta diversities: straightening up a concept gone
awry. Part 1. Defining beta diversity as a function of alpha and gamma diversity.
Ecography, 33(1), 2-22.

Tzortzakaki, O., Kati, V., Kassara, C., Tietze, D. T., & Giokas, S. (2018). Seasonal
patterns of urban bird diversity in a Mediterranean coastal city: the positive role
of open green spaces. Urban Ecosystems, 21(1), 27-39.

Vaccaro, A. S., Filloy, J., & Bellocq, M. |. (2022). Bird taxonomic and functional
diversity in urban settlements within a forest biome vary with the landscape
matrix. Perspectives in Ecology and Conservation, 20(1), 9-17.

Wagenmakers, E.-J., & Farrell, S. (2004). AIC model selection using Akaike weights.
Psychonomic bulletin & review, 11(1), 192-196.

Wiens, J. A., Rotenberry, J. T., & Van Horne, B. (1987). Habitat occupancy patterns of
North American shrubsteppe birds: the effects of spatial scale. Oikos, 132-147.

Williams, N. M., Crone, E. E., T’ai, H. R., Minckley, R. L., Packer, L., & Potts, S. G.
(2010). Ecological and life-history traits predict bee species responses to
environmental disturbances. Biological conservation, 143(10), 2280-2291.

Ziter, C. D., Pedersen, E. J., Kucharik, C. J., & Turner, M. G. (2019). Scale-
dependent interactions between tree canopy cover and impervious surfaces
reduce daytime urban heat during summer. Proceedings of the National

Academy of Sciences, 116(15), 7575-7580.

19



Chapter 2

Aronson, M. F., La Sorte, F. A,, Nilon, C. H., Katti, M., Goddard, M. A., Lepczyk, C. A,,
Warren, P. S., Williams, N. S., Cilliers, S., & Clarkson, B. (2014). A global
analysis of the impacts of urbanization on bird and plant diversity reveals key
anthropogenic drivers. Proceedings of the royal society B: biological sciences,
281(1780), 20133330.

Balmer, D. E., Gillings, S., Caffrey, B., Swann, R., Downie, I., & Fuller, R. (2013). Bird
Atlas 2007-11: the breeding and wintering birds of Britain and Ireland. BTO
Thetford.

Barnes, A. (2021). Modelling mitigation of bird population declines in the UK through
landscape-scale environmental management Bournemouth University].

Baselga, A., & Orme, C. D. L. (2012). betapart: an R package for the study of beta
diversity. Methods in ecology and evolution, 3(5), 808-812.

Blair, R. B. (1996). Land use and avian species diversity along an urban gradient.
Ecological applications, 6(2), 506-519.

Blair, R. B. (1999). Birds and butterflies along an urban gradient: surrogate taxa for
assessing biodiversity? Ecological applications, 9(1), 164-170.

Blowes, S. A., Supp, S. R., Antdo, L. H., Bates, A., Bruelheide, H., Chase, J. M.,
Moyes, F., Magurran, A., McGill, B., & Myers-Smith, I. H. (2019). The geography
of biodiversity change in marine and terrestrial assemblages. Science,
366(6463), 339-345.

Boulinier, T., Nichols, J. D., Hines, J. E., Sauer, J. R., Flather, C. H., & Pollock, K. H.
(2001). Forest fragmentation and bird community dynamics: inference at regional
scales. Ecology, 82(4), 1159-1169.

Ceballos, G., Ehrlich, P. R., Barnosky, A. D., Garcia, A., Pringle, R. M., & Palmer, T.
M. (2015). Accelerated modern human—induced species losses: Entering the
sixth mass extinction. Science advances, 1(5), €1400253.

Chace, J. F., & Walsh, J. J. (2006). Urban effects on native avifauna: a review.

Landscape and urban planning, 74(1), 46-69.
20



Chamberlain, D., Kibuule, M., Skeen, R. Q., & Pomeroy, D. (2018). Urban bird trends
in a rapidly growing tropical city. Ostrich, 89(3), 275-280.

Chamberlain, D. E., Cannon, A. R., & Toms, M. P. (2004). Associations of garden
birds with gradients in garden habitat and local habitat. Ecography, 27(5), 589-
600.

Clergeau, P., Jokimaki, J., & Savard, J. P. L. (2001). Are urban bird communities
influenced by the bird diversity of adjacent landscapes? Journal of applied
ecology, 38(5), 1122-1134.

Cressie, N., & Whitford, H. (1986). How to use the two sample t - test. Biometrical
Journal, 28(2), 131-148.

Culpepper, S. A., & Aguinis, H. (2011). Using analysis of covariance (ANCOVA) with
fallible covariates. Psychological Methods, 16(2), 166.

Dadam, D., Robinson, R. A., Clements, A., Peach, W. J., Bennett, M., Rowcliffe, J.
M., & Cunningham, A. A. (2019). Avian malaria-mediated population decline of a
widespread iconic bird species. Royal Society open science, 6(7), 182197.

Devictor, V., Julliard, R., Couvet, D., Lee, A., & Jiguet, F. (2007). Functional
homogenization effect of urbanization on bird communities. Conservation
Biology, 21(3), 741-751.

Drinnan, I. N. (2005). The search for fragmentation thresholds in a southern Sydney
suburb. Biological conservation, 124(3), 339-349.

Evans, K. L., Chamberlain, D. E., Hatchwell, B. J., Gregory, R. D., & Gaston, K. J.
(2011). What makes an urban bird? Global Change Biology, 17(1), 32-44.

Evans, K. L., Gaston, K. J., Frantz, A. C., Simeoni, M., Sharp, S. P., McGowan, A.,
Dawson, D. A., Walasz, K., Partecke, J., & Burke, T. (2009). Independent
colonization of multiple urban centres by a formerly forest specialist bird species.
Proceedings of the royal society B: biological sciences, 276(1666), 2403-2410.

Fick, S. E., & Hijmans, R. J. (2017). WorldClim 2: new 1 - km spatial resolution
climate surfaces for global land areas. International journal of climatology,

37(12), 4302-4315.

21



Fischer, C., Flohre, A., Clement, L. W., Batary, P., Weisser, W. W., Tscharntke, T., &
Thies, C. (2011). Mixed effects of landscape structure and farming practice on
bird diversity. Agriculture, Ecosystems & Environment, 141(1-2), 119-125.

Fuchs, R., Herold, M., Verburg, P. H., & Clevers, J. G. (2013). A high-resolution and
harmonized model approach for reconstructing and analysing historic land
changes in Europe. Biogeosciences, 10(3), 1543-1559.

Fuchs, R., Herold, M., Verburg, P. H., Clevers, J. G., & Eberle, J. (2015). Gross
changes in reconstructions of historic land cover/use for Europe between 1900
and 2010. Global Change Biology, 21(1), 299-313.

Fuller, R. A., Tratalos, J., & Gaston, K. J. (2009). How many birds are there in a city
of half a million people? Diversity and Distributions, 15(2), 328-337.

Fuller, R. A., Warren, P. H., Armsworth, P. R., Barbosa, O., & Gaston, K. J. (2008).
Garden bird feeding predicts the structure of urban avian assemblages. Diversity
and Distributions, 14(1), 131-137.

Gillings, S., Balmer, D. E., Caffrey, B. J., Downie, I. S., Gibbons, D. W., Lack, P. C.,
Reid, J. B., Sharrock, J. T. R., Swann, R. L., & Fuller, R. J. (2019). Breeding and
wintering bird distributions in Britain and Ireland from citizen science bird atlases.
Global Ecology and Biogeography, 28(7), 866-874.

Gonzalez-Oreja, J. A. (2011). Birds of different biogeographic origins respond in
contrasting ways to urbanization. Biological conservation, 144(1), 234-242.

Grarock, K., Tidemann, C. R., Wood, J. T., & Lindenmayer, D. B. (2014). Are invasive
species drivers of native species decline or passengers of habitat modification?
A case study of the impact of the common myna (A cridotheres tristis) on A
ustralian bird species. Austral Ecology, 39(1), 106-114.

Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. L., Wu, J., Bai, X., &
Briggs, J. M. (2008). Global change and the ecology of cities. Science,
319(5864), 756-760.

Jamieson, J. (2004). Analysis of covariance (ANCOVA) with difference scores.

International Journal of Psychophysiology, 52(3), 277-283.

22



Kim, T. K. (2015). T test as a parametric statistic. Korean journal of anesthesiology,
68(6), 540-546.

Lamouroux, N., Dolédec, S., & Gayraud, S. (2004). Biological traits of stream
macroinvertebrate communities: effects of microhabitat, reach, and basin filters.
Journal of the North American Benthological Society, 23(3), 449-466.

Lepczyk, C. A., Aronson, M. F,, Evans, K. L., Goddard, M. A,, Lerman, S. B., &
Maclvor, J. S. (2017). Biodiversity in the city: fundamental questions for
understanding the ecology of urban green spaces for biodiversity conservation.
BioScience, 67(9), 799-807.

Lepczyk, C. A., Sorte, F. A. L., Aronson, M. F., Goddard, M. A., MacGregor-Fors, I.,
Nilon, C. H., & Warren, P. S. (2017). Global patterns and drivers of urban bird
diversity. In Ecology and conservation of birds in urban environments (pp. 13-
33). Springer.

Leveau, L. M., Isla, F. I., & Bellocq, M. I. (2015). Urbanization and the temporal
homogenization of bird communities: a case study in central Argentina. Urban
ecosystems, 18(4), 1461-1476.

Leveau, L. M., Leveau, C. M., Villegas, M., Cursach, J. A., & Suazo, C. G. (2017).
Bird communities along urbanization gradients: a comparative analysis among
three Neotropical cities.

Marzluff, J. M. (2001). Worldwide urbanization and its effects on birds. In Avian
ecology and conservation in an urbanizing world (pp. 19-47). Springer.

Marzluff, J. M., Bowman, R., & Donnelly, R. (2001). A historical perspective on urban
bird research: trends, terms, and approaches. In Avian ecology and conservation
in an urbanizing world (pp. 1-17). Springer.

Marzluff, J. M., Bowman, R., & Donnelly, R. (2012). Avian ecology and conservation
in an urbanizing world. Springer Science & Business Media.

McKinney, M. L. (2002). Urbanization, Biodiversity, and ConservationThe impacts of
urbanization on native species are poorly studied, but educating a highly

urbanized human population about these impacts can greatly improve species

23



conservation in all ecosystems. BioScience, 52(10), 883-890.

McKinney, M. L. (2006). Urbanization as a major cause of biotic homogenization.
Biological conservation, 127(3), 247-260.

Miller, G. A., & Chapman, J. P. (2001). Misunderstanding analysis of covariance.
Journal of abnormal psychology, 110(1), 40.

Plummer, K. E., Risely, K., Toms, M. P., & Siriwardena, G. M. (2019). The
composition of British bird communities is associated with long-term garden bird
feeding. Nature communications, 10(1), 1-8.

Redlich, S., Martin, E. A., Wende, B., & Steffan-Dewenter, |. (2018). Landscape
heterogeneity rather than crop diversity mediates bird diversity in agricultural
landscapes. PLoS One, 13(8), e0200438.

Rutherford, A. (2011). ANOVA and ANCOVA: a GLM approach. John Wiley & Sons.

Schroeder, P. J., & Jenkins, D. G. (2018). How robust are popular beta diversity
indices to sampling error? Ecosphere, 9(2), €02100.

Sharrock, J. (1976). The atlas of breeding b irds in Britain and Ire/and. British Trust
for Ornithology.

Stanbury, A., Eaton, M., Aebischer, N., Balmer, D., Brown, A., Douse, A., Lindley, P.,
McCulloch, N., Noble, D., & Win, I. (2021). The status of our bird. British Birds,
114, 723-747.

Tratalos, J., Fuller, R. A., Evans, K. L., Davies, R. G., Newson, S. E., Greenwood, J.
J., & Gaston, K. J. (2007). Bird densities are associated with household
densities. Global Change Biology, 13(8), 1685-1695.

Tratalos, J., Fuller, R. A., Warren, P. H., Davies, R. G., & Gaston, K. J. (2007). Urban
form, biodiversity potential and ecosystem services. Landscape and urban
planning, 83(4), 308-317.

Tryjanowski, P., Skérka, P., Sparks, T. H., Biadun, W., Brauze, T., Hetmanski, T.,
Martyka, R., Indykiewicz, P., Myczko, t., & Kunysz, P. (2015). Urban and rural
habitats differ in number and type of bird feeders and in bird species consuming

supplementary food. Environmental Science and Pollution Research, 22(19),

24



15097-15103.
Van Breukelen, G. J., & Van Dijk, K. R. (2007). Use of covariates in randomized
controlled trials. Journal of the International Neuropsychological Society, 13(5),

903-904.

25



Chapter 3

Allen, A. P, & O’Connor, R. J. (2000). Interactive effects of land use and other factors
on regional bird distributions. Journal of Biogeography, 27(4), 889-900.

Allen, D. C., Bateman, H. L., Warren, P. S., de Albuquerque, F. S., Arnett - Romero,
S., & Harding, B. (2019). Long - term effects of land - use change on bird
communities depend on spatial scale and land - use type. Ecosphere, 10(11),
e02952.

Andren, H. (1994). Effects of habitat fragmentation on birds and mammals in
landscapes with different proportions of suitable habitat: a review. Oikos, 355-
366.

Aronson, M. F.,, La Sorte, F. A., Nilon, C. H., Katti, M., Goddard, M. A., Lepczyk, C. A.,
Warren, P. S., Williams, N. S., Cilliers, S., & Clarkson, B. (2014). A global
analysis of the impacts of urbanization on bird and plant diversity reveals key
anthropogenic drivers. Proceedings of the royal society B: biological sciences,
281(1780), 20133330.

Azman, N. M., Latip, N. S. A,, Sah, S. A. M., Akil, M. A. M. M., Shafie, N. J., &
Khairuddin, N. L. (2011). Avian diversity and feeding guilds in a secondary forest,
an oil palm plantation and a paddy field in Riparian areas of the Kerian River
Basin, Perak, Malaysia. Tropical Life Sciences Research, 22(2), 45.

Barnagaud, J.-Y., Gauzére, P., Zuckerberg, B., Princé, K., & Svenning, J.-C. (2017).
Temporal changes in bird functional diversity across the United States.
Oecologia, 185(4), 737-748.

Barnagaud, J.-Y., Galzere, P., Zuckerberg, B., Princé, K., & Svenning, J.-C. (2017).
Temporal changes in bird functional diversity across the United States.
Oecologia, 185, 737-748.

Barton, K., & Barton, M. K. (2015). Package ‘mumin’. Version, 1(18), 439.

Baselga, A. (2010). Partitioning the turnover and nestedness components of beta
diversity. Global ecology and biogeography, 19(1), 134-143.

Baselga, A., Bonthoux, S., & Balent, G. (2015). Temporal beta diversity of bird
26



assemblages in agricultural landscapes: land cover change vs. stochastic
processes. PLoS One, 10(5), e0127913.

Baselga, A., & Orme, C. D. L. (2012). betapart: an R package for the study of beta
diversity. Methods in ecology and evolution, 3(5), 808-812.

Bivand, R., Altman, M., Anselin, L., Assuncao, R., Berke, O., Bernat, A., & Blanchet,
G. (2015). Package ‘spdep’. The Comprehensive R Archive Network.

Blair, R. B., & Johnson, E. M. (2008). Suburban habitats and their role for birds in the
urban—rural habitat network: points of local invasion and extinction? Landscape
Ecology, 23(10), 1157-1169.

Boulinier, T., Nichols, J. D., Hines, J. E., Sauer, J. R., Flather, C. H., & Pollock, K. H.
(2001). Forest fragmentation and bird community dynamics: inference at regional
scales. Ecology, 82(4), 1159-1169.

Brambilla, M., Gustin, M., Cento, M., llahiane, L., & Celada, C. (2020). Habitat,
climate, topography and management differently affect occurrence in declining
avian species: Implications for conservation in changing environments. Science
of the Total Environment, 742, 140663.

Branco, C. C., Bispo, P. C., Peres, C. K., Tonetto, A. F., Krupek, R. A., Barfield, M., &
Holt, R. D. (2020). Partitioning multiple facets of beta diversity in a tropical
stream macroalgal metacommunity. Journal of Biogeography, 47(8), 1765-1780.

Bregman, T. P., Lees, A. C., MacGregor, H. E., Darski, B., de Moura, N. G., Aleixo, A.,
Barlow, J., & Tobias, J. A. (2016). Using avian functional traits to assess the
impact of land-cover change on ecosystem processes linked to resilience in
tropical forests. Proceedings of the royal society B: biological sciences,
283(1844), 20161289.

Brodin, A., Nilsson, J.-A., & Nord, A. (2017). Adaptive temperature regulation in the
little bird in winter: predictions from a stochastic dynamic programming model.
Oecologia, 185(1), 43-54.

Brooks, T. M., Mittermeier, R. A., Mittermeier, C. G., Da Fonseca, G. A., Rylands, A.
B., Konstant, W. R, Flick, P., Pilgrim, J., Oldfield, S., & Magin, G. (2002). Habitat

27



loss and extinction in the hotspots of biodiversity. Conservation biology, 16(4),
909-923.

Burnham, K. P., & Anderson, D. R. (2004). Model selection and multimodel inference.
A practical information-theoretic approach, 2.

Choate, B. A., Hickman, P. L., & Moretti, E. A. (2018). Wild bee species abundance
and richness across an urban—rural gradient. Journal of Insect Conservation,
22(3), 391-403.

Clergeau, P., Savard, J.-P. L., Mennechez, G., & Falardeau, G. (1998). Bird
abundance and diversity along an urban-rural gradient: a comparative study
between two cities on different continents. The condor, 100(3), 413-425.

Cody, M. L. (1985). An Introduction to Hobitot Selection in Birds. Habitat selection in
birds, 1.

Davis, A. M., & Glick, T. F. (1978). Urban ecosystems and island biogeography.
Environmental Conservation, 5(4), 299-304.

Devictor, V., Julliard, R., Couvet, D., & Jiguet, F. (2008). Birds are tracking climate
warming, but not fast enough. Proceedings of the royal society B: biological
sciences, 275(1652), 2743-2748.

Dormann, C. F., Schweiger, O., Augenstein, ., Bailey, D., Billeter, R., De Blust, G.,
DeFilippi, R., Frenzel, M., Hendrickx, F., & Herzog, F. (2007). Effects of
landscape structure and land - use intensity on similarity of plant and animal
communities. Global ecology and biogeography, 16(6), 774-787.

Dornelas, M., Madin, E. M., Bunce, M., DiBattista, J. D., Johnson, M., Madin, J. S.,
Magurran, A. E., McGill, B. J., Pettorelli, N., & Pizarro, O. (2019). Towards a
macroscope: leveraging technology to transform the breadth, scale and
resolution of macroecological data. Global ecology and biogeography.

Drinnan, I. N. (2005). The search for fragmentation thresholds in a southern Sydney
suburb. Biological conservation, 124(3), 339-349.

Dullinger, S., Essl, F., Rabitsch, W., Erb, K.-H., Gingrich, S., Haberl, H., Hllber, K.,

Jarosik, V., Krausmann, F., & Kihn, I. (2013). Europe’s other debt crisis caused

28



by the long legacy of future extinctions. Proceedings of the National Academy of
Sciences, 110(18), 7342-7347.

Elsen, P. R., Farwell, L. S., Pidgeon, A. M., & Radeloff, V. C. (2020). Landsat 8 TIRS-
derived relative temperature and thermal heterogeneity predict winter bird
species richness patterns across the conterminous United States. Remote
sensing of environment, 236, 111514.

Fahrig, L. (2003). Effects of habitat fragmentation on biodiversity. Annual review of
ecology, evolution, and systematics, 487-515.

Feehan, J., Harley, M., & Van Minnen, J. (2009). Climate change in Europe. 1.
Impact on terrestrial ecosystems and biodiversity. A review. Agronomy for
Sustainable Development, 29(3), 409-421.

Ferenc, M., Sedlagek, O., Fuchs, R., Dinetti, M., Fraissinet, M., & Storch, D. (2014).
Are cities different? Patterns of species richness and beta diversity of urban bird
communities and regional species assemblages in E urope. Global ecology and
biogeography, 23(4), 479-489.

Filloy, J., Zurita, G. A., Corbelli, J. M., & Bellocq, M. . (2010). On the similarity among
bird communities: Testing the influence of distance and land use. Acta
Oecologica, 36(3), 333-338.

Flynn, D. F., Gogol - Prokurat, M., Nogeire, T., Molinari, N., Richers, B. T,, Lin, B. B.,
Simpson, N., Mayfield, M. M., & DeClerck, F. (2009). Loss of functional diversity
under land use intensification across multiple taxa. Ecology letters, 12(1), 22-33.

Fuchs, R., Herold, M., Verburg, P. H., & Clevers, J. G. (2013). A high-resolution and
harmonized model approach for reconstructing and analysing historic land
changes in Europe. Biogeosciences, 10(3), 1543-1559.

Fuller, R. A, Tratalos, J., & Gaston, K. J. (2009). How many birds are there in a city
of half a million people? Diversity and Distributions, 15(2), 328-337.

Gagné, S. A., Sherman, P. J., Singh, K. K., & Meentemeyer, R. K. (2016). The effect
of human population size on the breeding bird diversity of urban regions.

Biodiversity and Conservation, 25(4), 653-671.

29



Garaffa, P. I., Filloy, J., & Bellocq, M. 1. (2009). Bird community responses along
urban-rural gradients: does the size of the urbanized area matter? Landscape
and Urban Planning, 90(1-2), 33-41.

Gascon, C., Lovejoy, T. E., Bierregaard Jr, R. O., Malcolm, J. R., Stouffer, P. C.,
Vasconcelos, H. L., Laurance, W. F., Zimmerman, B., Tocher, M., & Borges, S.
(1999). Matrix habitat and species richness in tropical forest remnants. Biological
conservation, 91(2-3), 223-229.

Gonzalez-Oreja, J. A. (2011). Birds of different biogeographic origins respond in
contrasting ways to urbanization. Biological conservation, 144(1), 234-242.

Grarock, K., Tidemann, C. R., Wood, J. T., & Lindenmayer, D. B. (2014). Are invasive
species drivers of native species decline or passengers of habitat modification?
A case study of the impact of the common myna (A cridotheres tristis) on A
ustralian bird species. Austral Ecology, 39(1), 106-114.

Gregory, R. D., Willis, S. G., Jiguet, F., Vofisek, P., Klvafiova, A., van Strien, A,
Huntley, B., Collingham, Y. C., Couvet, D., & Green, R. E. (2009). An indicator of
the impact of climatic change on European bird populations. PLoS One, 4(3),
e4678.

Harrison, S., Ross, S. J., & Lawton, J. H. (1992). Beta diversity on geographic
gradients in Britain. Journal of Animal ecology, 151-158.

Hill, M. O., & Gauch Jr, H. G. (1980). Detrended correspondence analysis: an
improved ordination technique. Vegetatio, 42(1-3), 47-58.

Holmes, R. T., & Sherry, T. W. (2001). Thirty-year bird population trends in an
unfragmented temperate deciduous forest: importance of habitat change. The
Auk, 118(3), 589-609.

Hughes, L. (2000). Biological consequences of global warming: is the signal already
apparent? Trends in ecology & evolution, 15(2), 56-61.

Huntley, B., Collingham, Y. C., Willis, S. G., & Green, R. E. (2008). Potential impacts
of climatic change on European breeding birds. PLoS One, 3(1), e1439.

Husté, A., & Boulinier, T. (2007). Determinants of local extinction and turnover rates

30



in urban bird communities. Ecological Applications, 17(1), 168-180.

Keil, P., Schweiger, O., Kihn, 1., Kunin, W. E., Kuussaari, M., Settele, J., Henle, K.,
Brotons, L., Pe’er, G., & Lengyel, S. (2012). Patterns of beta diversity in Europe:
the role of climate, land cover and distance across scales. Journal of
Biogeography, 39(8), 1473-1486.

Koshelev, O., Koshelev, V., Fedushko, M., & Zhukov, O. (2020). Time turnover of
species in bird communities: the role of landscape diversity and climate change.
Biosystems Diversity, 28(4), 433-444.

Krummel, J., Gardner, R., Sugihara, G., O'neill, R., & Coleman, P. (1987). Landscape
patterns in a disturbed environment. Oikos, 321-324.

Lehikoinen, A., Lindstrom, A., Santangeli, A., Sirkia, P. M., Brotons, L., Devictor, V.,
Elts, J., Foppen, R. P., Heldbjerg, H., & Herrando, S. (2021). Wintering bird
communities are tracking climate change faster than breeding communities.
Journal of Animal ecology, 90(5), 1085-1095.

Lennon, J., Greenwood, J., & Turner, J. (2000). Bird diversity and environmental
gradients in Britain: a test of the species—energy hypothesis. Journal of Animal
ecology, 69(4), 581-598.

Leveau, L. M., Isla, F. I., & Bellocq, M. I. (2015). Urbanization and the temporal
homogenization of bird communities: a case study in central Argentina. Urban
ecosystems, 18(4), 1461-1476.

Leveau, L. M., Leveau, C. M., Villegas, M., Cursach, J. A., & Suazo, C. G. (2017).
Bird communities along urbanization gradients: a comparative analysis among
three Neotropical cities.

Magurran, A. E., Dornelas, M., Moyes, F., & Henderson, P. A. (2019). Temporal 3
diversity—A macroecological perspective. Global ecology and biogeography,
28(12), 1949-1960.

Mao, Q., Liao, C., Wu, Z., Guan, W., Yang, W., Tang, Y., & Wu, G. (2019). Effects of
land cover pattern along urban-rural gradient on bird diversity in wetlands.

Diversity, 11(6), 86.

31



Matthews, T. J., & Rigal, F. (2021). Thresholds and the species—area relationship: A
set of functions for fitting, evaluating and plotting a range of commonly used
piecewise models in R. Frontiers of Biogeography, 13(1).

McArdle, B. H., & Anderson, M. J. (2001). Fitting multivariate models to community
data: a comment on distance - based redundancy analysis. Ecology, 82(1), 290-
297.

McCarty, J. P. (2001). Ecological consequences of recent climate change.
Conservation biology, 15(2), 320-331.

McKinney, M. L. (2006). Urbanization as a major cause of biotic homogenization.
Biological conservation, 127(3), 247-260.

McKinney, M. L. (2008). Effects of urbanization on species richness: a review of
plants and animals. Urban ecosystems, 11(2), 161-176.

McKinney, M. L., & Lockwood, J. L. (1999). Biotic homogenization: a few winners
replacing many losers in the next mass extinction. Trends in ecology & evolution,
14(11), 450-453.

Meffert, P. J., & Dziock, F. (2013). The influence of urbanisation on diversity and trait
composition of birds. Landscape Ecology, 28(5), 943-957.

Mehiman, D. W. (1997). Change in avian abundance across the geographic range in
response to environmental change. Ecological Applications, 7(2), 614-624.

Melles, S. J. (2005). Urban bird diversity as an indicator of human social diversity and
economic inequality in Vancouver, British Columbia. Urban habitats, 3(1), 25-48.

Meynard, C. N., Devictor, V., Mouillot, D., Thuiller, W., Jiguet, F., & Mouquet, N.
(2011). Beyond taxonomic diversity patterns: how do a, 3 and y components of
bird functional and phylogenetic diversity respond to environmental gradients
across France? Global ecology and biogeography, 20(6), 893-903.

Miller, G. A., & Chapman, J. P. (2001). Misunderstanding analysis of covariance.
Journal of abnormal psychology, 110(1), 40.

Monnet, A. C., Jiguet, F., Meynard, C. N., Mouillot, D., Mouquet, N., Thuiller, W., &

Devictor, V. (2014). Asynchrony of taxonomic, functional and phylogenetic

32



diversity in birds. Global ecology and biogeography, 23(7), 780-788.

Morrison, C. A., Robinson, R. A, Clark, J. A, Risely, K., & Gill, J. A. (2013). Recent
population declines in Afro - Palaearctic migratory birds: the influence of
breeding and non - breeding seasons. Diversity and Distributions, 19(8), 1051-
1058.

Myers, N., Mittermeier, R. A., Mittermeier, C. G., Da Fonseca, G. A., & Kent, J.
(2000). Biodiversity hotspots for conservation priorities. Nature, 403(6772), 853-
858.

Nakagawa, S., & Schielzeth, H. (2013). A general and simple method for obtaining
R2 from generalized linear mixed - effects models. Methods in ecology and
evolution, 4(2), 133-142.

Nazaro, M. G., Dos Santos, D. A., Torres, R., Baumann, M., & Blendinger, P. G.
(2020). Untangling the imprints of climate, geography and land use/cover on bird
diversity in the South American Gran Chaco. Journal of Biogeography, 47(7),
1439-1454.

Nord, A., & Nilsson, J.-A. (2011). Incubation temperature affects growth and energy
metabolism in blue tit nestlings. The American Naturalist, 178(5), 639-651.

Ockendon, N., Hewson, C. M., Johnston, A., & Atkinson, P. W. (2012). Declines in
British-breeding populations of Afro-Palaearctic migrant birds are linked to
bioclimatic wintering zone in Africa, possibly via constraints on arrival time
advancement. Bird Study, 59(2), 111-125.

Olden, J. D., & Poff, N. L. (2003). Toward a mechanistic understanding and prediction
of biotic homogenization. The American Naturalist, 162(4), 442-460.

Ortega-Alvarez, R., & MacGregor-Fors, |. (2009). Living in the big city: Effects of
urban land-use on bird community structure, diversity, and composition.
Landscape and Urban Planning, 90(3-4), 189-195.

Pearce - Higgins, J. W., Eglington, S. M., Martay, B., & Chamberlain, D. E. (2015).
Drivers of climate change impacts on bird communities. Journal of Animal

ecology, 84(4), 943-954.

33



Pearce - Higgins, J. W., Eglington, S. M., Martay, B., & Chamberlain, D. E. (2015).
Drivers of climate change impacts on bird communities. Journal of Animal
ecology, 84(4), 943-954.

Pithon, J. A., Duflot, R., Beaujouan, V., Jagaille, M., Pain, G., & Daniel, H. (2021).
Grasslands provide diverse opportunities for bird species along an urban-rural
gradient. Urban ecosystems, 24(6), 1281-1294.

Root, T. (1988). Energy constraints on avian distributions and abundances. Ecology,
69(2), 330-339.

Rudisser, J., Walde, J., Tasser, E., Frihauf, J., Teufelbauer, N., & Tappeiner, U.
(2015). Biodiversity in cultural landscapes: influence of land use intensity on bird
assemblages. Landscape Ecology, 30(10), 1851-1863.

Sanderson, F. J., Donald, P. F., Pain, D. J., Burfield, I. J., & Van Bommel, F. P. (2006).
Long-term population declines in Afro-Palearctic migrant birds. Biological
conservation, 131(1), 93-105.

Sanz, J. J., Potti, J., Moreno, J., Merino, S., & FRIiAs, O. (2003). Climate change and
fithess components of a migratory bird breeding in the Mediterranean region.
Global Change Biology, 9(3), 461-472.

Sekercioglu, C. H., Primack, R. B., & Wormworth, J. (2012). The effects of climate
change on tropical birds. Biological conservation, 148(1), 1-18.

Seto, K. C., Guneralp, B., & Hutyra, L. R. (2012). Global forecasts of urban
expansion to 2030 and direct impacts on biodiversity and carbon pools.
Proceedings of the National Academy of Sciences, 109(40), 16083-16088.

Shutt, J. D., Cabello, I. B., Keogan, K., Leech, D. ., Samplonius, J. M., Whittle, L.,
Burgess, M. D., & Phillimore, A. B. (2019). The environmental predictors of
spatio-temporal variation in the breeding phenology of a passerine bird.
Proceedings of the Royal Society B, 286(1908), 20190952.

Simmonds, E. G., Cole, E. F., & Sheldon, B. C. (2019). Cue identification in
phenology: A case study of the predictive performance of current statistical tools.

Journal of Animal ecology, 88(9), 1428-1440.

34



Stegen, J. C., Freestone, A. L., Crist, T. O., Anderson, M. J., Chase, J. M., Comita, L.
S., Cornell, H. V., Davies, K. F., Harrison, S. P., & Hurlbert, A. H. (2013).
Stochastic and deterministic drivers of spatial and temporal turnover in breeding
bird communities. Global ecology and biogeography, 22(2), 202-212.

Stephens, P. A., Mason, L. R., Green, R. E., Gregory, R. D., Sauer, J. R., Alison, J.,
Aunins, A., Brotons, L., Butchart, S. H., & Campedelli, T. (2016). Consistent
response of bird populations to climate change on two continents. Science,
352(6281), 84-87.

Tanalgo, K. C., Pineda, J. A. F., Agravante, M. E., & Amerol, Z. M. (2015). Bird
diversity and structure in different land-use types in lowland south-central
Mindanao, Philippines. Tropical Life Sciences Research, 26(2), 85.

Tasser, E., Sternbach, E., & Tappeiner, U. (2008). Biodiversity indicators for
sustainability monitoring at municipality level: An example of implementation in
an alpine region. Ecological indicators, 8(3), 204-223.

Temple, S. A., & Wiens, J. A. (1989). Bird populations and environmental changes:
can birds be bio-indicators. American Birds, 43(2), 260-270.

Ter Braak, C. J. (1986). Canonical correspondence analysis: a new eigenvector
technique for multivariate direct gradient analysis. Ecology, 67(5), 1167-1179.

Tobias, J. A., Sheard, C., Pigot, A. L., Devenish, A. J., Yang, J., Sayol, F., Neate -
Clegg, M. H., Alioravainen, N., Weeks, T. L., & Barber, R. A. (2022). AVONET:
morphological, ecological and geographical data for all birds. Ecology letters,
25(3), 581-597.

Tscharntke, T., Sekercioglu, C. H., Dietsch, T. V., Sodhi, N. S., Hoehn, P., &
Tylianakis, J. M. (2008). Landscape constraints on functional diversity of birds
and insects in tropical agroecosystems. Ecology, 89(4), 944-951.

Van Breukelen, G. J., & Van Dijk, K. R. (2007). Use of covariates in randomized
controlled trials. Journal of the International Neuropsychological Society, 13(5),
903-904.

van Rensburg, B. J., Peacock, D. S., & Robertson, M. P. (2009). Biotic

35



homogenization and alien bird species along an urban gradient in South Africa.
Landscape and Urban Planning, 92(3-4), 233-241.

Venier, L., McKenney, D., Wang, Y., & McKee, J. (1999). Models of large - scale
breeding - bird distribution as a function of macro - climate in Ontario, Canada.
Journal of Biogeography, 26(2), 315-328.

Virkkala, R., & Lehikoinen, A. (2017). Birds on the move in the face of climate
change: High species turnover in northern Europe. Ecology and evolution, 7(20),
8201-8209.

Wayman, J. P., Sadler, J. P., Pugh, T. A., Martin, T. E., Tobias, J. A., & Matthews, T. J.
(2022). Assessing taxonomic and functional change in British breeding bird
assemblages over time. Global ecology and biogeography, 31(5), 925-939.

Yamaura, Y., Amano, T., Koizumi, T., Mitsuda, Y., Taki, H., & Okabe, K. (2009). Does
land - use change affect biodiversity dynamics at a macroecological scale? A
case study of birds over the past 20 years in Japan. Animal Conservation, 12(2),
110-119.

Zimmermann, P., Tasser, E., Leitinger, G., & Tappeiner, U. (2010). Effects of land-use
and land-cover pattern on landscape-scale biodiversity in the European Alps.

Agriculture, ecosystems & environment, 139(1-2), 13-22.

36



Chapter 4

Abdi, H., & Williams, L. J. (2010). Tukey’s honestly significant difference (HSD) test.
Encyclopedia of research design, 3(1), 1-5.

Anderson, M. J. (2001). A new method for non - parametric multivariate analysis of
variance. Austral ecology, 26(1), 32-46.

Anderson, M. J. (2014). Permutational multivariate analysis of variance
(PERMANOVA). Wiley statsref: statistics reference online, 1-15.

Anderson, M. J., & Walsh, D. C. (2013). PERMANOVA, ANOSIM, and the Mantel test
in the face of heterogeneous dispersions: what null hypothesis are you testing?
Ecological monographs, 83(4), 557-574.

Antao, L. H., McGill, B., Magurran, A. E., Soares, A. M., & Dornelas, M. (2019). -
diversity scaling patterns are consistent across metrics and taxa. Ecography,
42(5), 1012-1023.

Aronson, M. F., La Sorte, F. A,, Nilon, C. H., Katti, M., Goddard, M. A., Lepczyk, C. A,,
Warren, P. S., Williams, N. S., Cilliers, S., & Clarkson, B. (2014). A global
analysis of the impacts of urbanization on bird and plant diversity reveals key
anthropogenic drivers. Proceedings of the royal society B: biological sciences,
281(1780), 20133330.

Baselga, A. (2008). Determinants of species richness, endemism and turnover in
European longhorn beetles. Ecography, 31(2), 263-271.

Baselga, A. (2010). Partitioning the turnover and nestedness components of beta
diversity. Global Ecology and Biogeography, 19(1), 134-143.

Baselga, A. (2012). The relationship between species replacement, dissimilarity
derived from nestedness, and nestedness. Global Ecology and Biogeography,
21(12), 1223-1232.

Baselga, A., Orme, D., Villéger, S., De Bortoli, J., Leprieur, F., Logez, M., &
Henriques-Silva, R. (2018). Partitioning beta diversity into turnover and
nestedness components. Package ‘betapart’. Version, 1(1).

Batary, P., Kurucz, K., Suarez - Rubio, M., & Chamberlain, D. E. (2018). Non -
37



linearities in bird responses across urbanization gradients: A meta - analysis.
Global Change Biology, 24(3), 1046-1054.

Bonier, F., Martin, P. R., & Windfield, J. C. (2007). Urban birds have broader
environmental tolerance. Biology letters, 3(6), 670-673.

Borcard, D., Gillet, F., & Legendre, P. (2011). Numerical ecology with R (Vol. 2).
Springer.

Bregman, T. P., Lees, A. C., MacGregor, H. E., Darski, B., de Moura, N. G., Aleixo, A.,
Barlow, J., & Tobias, J. A. (2016). Using avian functional traits to assess the
impact of land-cover change on ecosystem processes linked to resilience in
tropical forests. Proceedings of the royal society B: biological sciences,
283(1844), 201612809.

Buhk, C., Alt, M., Steinbauer, M. J., Beierkuhnlein, C., Warren, S. D., & Jentsch, A.
(2017). Homogenizing and diversifying effects of intensive agricultural land-use
on plant species beta diversity in Central Europe—A call to adapt our
conservation measures. Science of the Total Environment, 576, 225-233.

Burhans, D. E., & Thompson lll, F. R. (2006). Songbird abundance and parasitism
differ between urban and rural shrublands. Ecological applications, 16(1), 394-
405.

Celis-Diez, J. L., Munoz, C. E., Abades, S., Marquet, P. A., & Armesto, J. J. (2017).
Biocultural homogenization in urban settings: Public knowledge of birds in city
parks of Santiago, Chile. Sustainability, 9(4), 485.

Chamberlain, D. E., Cannon, A. R., Toms, M., Leech, D. |., Hatchwell, B., & Gaston,
K. (2009). Avian productivity in urban landscapes: a review and meta - analysis.
Ibis, 151(1), 1-18.

Chocron, R., Flather, C. H., & Kadmon, R. (2015). Bird diversity and environmental
heterogeneity in N orth A merica: a test of the area—heterogeneity trade - off.
Global Ecology and Biogeography, 24(11), 1225-1235.

Cincotta, R. P., Wisnewski, J., & Engelman, R. (2000). Human population in the
biodiversity hotspots. Nature, 404(6781), 990-992.

38



Clergeau, P., Croci, S., Jokimaki, J., Kaisanlahti-Jokimaki, M.-L., & Dinetti, M. (2006).
Avifauna homogenisation by urbanisation: analysis at different European
latitudes. Biological conservation, 127(3), 336-344.

Clergeau, P., Savard, J.-P. L., Mennechez, G., & Falardeau, G. (1998). Bird
abundance and diversity along an urban-rural gradient: a comparative study
between two cities on different continents. The condor, 100(3), 413-425.

Concepcion, E. D., Moretti, M., Altermatt, F., Nobis, M. P., & Obrist, M. K. (2015).
Impacts of urbanisation on biodiversity: the role of species mobility, degree of
specialisation and spatial scale. Oikos, 124(12), 1571-1582.

Dixon, P. (2003). VEGAN, a package of R functions for community ecology. Journal
of Vegetation Science, 14(6), 927-930.

Dobrovolski, R., Melo, A. S., Cassemiro, F. A., & Diniz - Filho, J. A. F. (2012). Climatic
history and dispersal ability explain the relative importance of turnover and
nestedness components of beta diversity. Global Ecology and Biogeography,
21(2), 191-197.

Eglington, S. M., & Pearce-Higgins, J. W. (2012). Disentangling the relative
importance of changes in climate and land-use intensity in driving recent bird
population trends. PloS one, 7(3), e30407.

Evans, K. L., Chamberlain, D. E., Hatchwell, B. J., Gregory, R. D., & Gaston, K. J.
(2011). What makes an urban bird? Global Change Biology, 17(1), 32-44.

Evans, K. L., Gaston, K. J., Sharp, S. P., McGowan, A., & Hatchwell, B. J. (2009).
The effect of urbanisation on avian morphology and latitudinal gradients in body
size. Oikos, 118(2), 251-259.

Evans, K. L., Newson, S. E., & Gaston, K. J. (2009). Habitat influences on urban
avian assemblages. Ibis, 151(1), 19-39.

Evans, K. L., Newson, S. E., & Gaston, K. J. (2009). Habitat influences on urban
avian assemblages. Ibis, 151(1), 19-39.

Evans, K. L., Newton, J., Gaston, K. J., Sharp, S. P., McGowan, A., & Hatchwell, B. J.

(2012). Colonisation of urban environments is associated with reduced migratory

39



behaviour, facilitating divergence from ancestral populations. Oikos, 121(4), 634-
640.

Fattorini, S. (2010). The influence of geographical and ecological factors on island
beta diversity patterns. Journal of Biogeography, 37(6), 1061-1070.

Fleishman, E., Betrus, C. J., & Blair, R. B. (2003). Effects of spatial scale and
taxonomic group on partitioning of butterfly and bird diversity in the Great Basin,
USA. Landscape Ecology, 18(7), 675-685.

Fluck, I. E., Caceres, N., Hendges, C. D., Brum, M. d. N., & Dambros, C. S. (2020).
Climate and geographic distance are more influential than rivers on the beta
diversity of passerine birds in Amazonia. Ecography, 43(6), 860-868.

Garcia - Navas, V., Sattler, T., Schmid, H., & Ozgul, A. (2020). Temporal
homogenization of functional and beta diversity in bird communities of the Swiss
Alps. Diversity and Distributions, 26(8), 900-911.

Gaston, K. J., & Fuller, R. A. (2007). Biodiversity and extinction: losing the common
and the widespread. Progress in Physical Geography, 31(2), 213-225.

Graco - Roza, C., Aarnio, S., Abrego, N., Acosta, A. T., Alahuhta, J., Altman, J.,
Angiolini, C., Aroviita, J., Attorre, F., & Baastrup - Spohr, L. (2022). Distance
decay 2.0—a global synthesis of taxonomic and functional turnover in ecological
communities. Global Ecology and Biogeography.

Green, D. M., & Baker, M. G. (2003). Urbanization impacts on habitat and bird
communities in a Sonoran desert ecosystem. Landscape and Urban Planning,
63(4), 225-239.

Guernier, V., Hochberg, M. E., Guégan, J.-F., & Harvey, P. (2004). Ecology drives the
worldwide distribution of human diseases. PLoS biology, 2(6), e141.

Howard, C., Stephens, P. A., Pearce - Higgins, J. W., Gregory, R. D., Butchart, S. H.,
& Willis, S. G. (2020). Disentangling the relative roles of climate and land cover
change in driving the long - term population trends of European migratory birds.
Diversity and Distributions, 26(11), 1442-1455.

Kark, S., Iwaniuk, A., Schalimtzek, A., & Banker, E. (2007). Living in the city: can

40



anyone become an ‘urban exploiter'? Journal of Biogeography, 34(4), 638-651.
Kauhala, K., Talvitie, K., & Vuorisalo, T. (2015). Free-ranging house cats in urban and
rural areas in the north: useful rodent killers or harmful bird predators? Folia

Zoologica, 64(1), 45-55.

Kauhala, K., Talvitie, K., & Vuorisalo, T. (2015). Free-ranging house cats in urban and
rural areas in the north: useful rodent killers or harmful bird predators? Folia
Zoologica, 64(1), 45-55.

Keller, A., Rddel, M.-O., Linsenmair, K. E., & Grafe, T. U. (2009). The importance of
environmental heterogeneity for species diversity and assemblage structure in
Bornean stream frogs. Journal of Animal Ecology, 305-314.

Kowarik, I. (2011). Novel urban ecosystems, biodiversity, and conservation.
Environmental pollution, 159(8-9), 1974-1983.

Kruskal, J. B. (1964). Multidimensional scaling by optimizing goodness of fit to a
nonmetric hypothesis. Psychometrika, 29(1), 1-27.

La Sorte, F. A, Lepczyk, C. A., Aronson, M. F., Goddard, M. A., Hedblom, M., Katti,
M., MacGregor - Fors, I., Mértberg, U., Nilon, C. H., & Warren, P. S. (2018). The
phylogenetic and functional diversity of regional breeding bird assemblages is
reduced and constricted through urbanization. Diversity and Distributions, 24(7),
928-938.

La Sorte, F. A., McKinney, M. L., Pysek, P.,, Klotz, S., Rapson, G., Celesti - Grapow,
L., & Thompson, K. (2008). Distance decay of similarity among European urban
floras: the impact of anthropogenic activities on 8 diversity. Global Ecology and
Biogeography, 17(3), 363-371.

Leech, D., Crick, H. Q., & Rehfisch, M. (2006). The effect of climate change on bird
species in the UK. BTO Research Report, 369.

Legendre, P., & Anderson, M. J. (1999). Distance - based redundancy analysis:
testing multispecies responses in multifactorial ecological experiments.
Ecological monographs, 69(1), 1-24.

Lehikoinen, A., Johnston, A., & Massimino, D. (2021). Climate and land use changes:

41



similarity in range and abundance changes of birds in Finland and Great Britain.
Ornis Fennica.

Lennon, J. J., Koleff, P., Greenwood, J., & Gaston, K. J. (2001). The geographical
structure of British bird distributions: diversity, spatial turnover and scale. Journal
of Animal Ecology, 70(6), 966-979.

Lepczyk, C. A., Aronson, M. F,, Evans, K. L., Goddard, M. A,, Lerman, S. B., &
Maclvor, J. S. (2017). Biodiversity in the city: fundamental questions for
understanding the ecology of urban green spaces for biodiversity conservation.
BioScience, 67(9), 799-807.

Lososova, Z., Chytry, M., Tichy, L., Danihelka, J., Fajmon, K., Hajek, O., Kintrova, K.,
Kahn, I, Lanikova, D., & Otypkova, Z. (2012). Native and alien floras in urban
habitats: a comparison across 32 cities of central Europe. Global Ecology and
Biogeography, 21(5), 545-555.

Lososova, Z., Chytry, M., Tichy, L., Danihelka, J., Fajmon, K., Hajek, O., Kintrova, K.,
Lanikova, D., Otypkova, Z., & Rehorek, V. (2012). Biotic homogenization of
Central European urban floras depends on residence time of alien species and
habitat types. Biological conservation, 145(1), 179-184.

Luck, G. W., & Daily, G. C. (2003). Tropical countryside bird assemblages: richness,
composition, and foraging differ by landscape context. Ecological applications,
13(1), 235-247.

Luck, G. W., & McCallum, F. (2007). Species turnover along gradients of net primary
productivity. Focus on biodiversity research, 179-198.

Luck, G. W., & Smallbone, L. T. (2011). The impact of urbanization on taxonomic and
functional similarity among bird communities. Journal of Biogeography, 38(5),
894-906.

Magura, T., Lévei, G. L., & Téthmérész, B. (2010). Does urbanization decrease
diversity in ground beetle (Carabidae) assemblages? Global Ecology and
Biogeography, 19(1), 16-26.

Martin, P. R., & Bonier, F. (2018). Species interactions limit the occurrence of urban-

42



adapted birds in cities. Proceedings of the National Academy of Sciences,
115(49), E11495-E11504.

McAbendroth, L., Foggo, A., Rundle, S., & Bilton, D. (2005). Unravelling nestedness
and spatial pattern in pond assemblages. Journal of Animal Ecology, 41-49.

McKinney, M. L. (2006). Urbanization as a major cause of biotic homogenization.
Biological conservation, 127(3), 247-260.

Mennechez, G., & Clergeau, P. (2006). Effect of urbanisation on habitat generalists:
starlings not so flexible? Acta oecologica, 30(2), 182-191.

Morelli, F., Benedetti, Y., Ibafez - Alamo, J. D., Jokimaki, J., Mand, R., Tryjanowski,
P., & Mgller, A. P. (2016). Evidence of evolutionary homogenization of bird
communities in urban environments across Europe. Global Ecology and
Biogeography, 25(11), 1284-1293.

Nally, R. M., & Fleishman, E. (2004). A successful predictive model of species
richness based on indicator species. Conservation biology, 18(3), 646-654.
Nekola, J. C., & White, P. S. (1999). The distance decay of similarity in biogeography

and ecology. Journal of Biogeography, 26(4), 867-878.

Oksanen, J., Blanchet, F. G., Kindt, R., Legendre, P., Minchin, P. R., O’hara, R.,
Simpson, G. L., Solymos, P., Stevens, M. H. H., & Wagner, H. (2013). Package
‘vegan’. Community ecology package, version, 2(9), 1-295.

Olden, J. D., & Poff, N. L. (2003). Toward a mechanistic understanding and prediction
of biotic homogenization. The American Naturalist, 162(4), 442-460.

Patterson, B. D., & Atmar, W. (1986). Nested subsets and the structure of insular
mammalian faunas and archipelagos. Biological journal of the Linnean society,
28(1-2), 65-82.

Pearce - Higgins, J. W., Eglington, S. M., Martay, B., & Chamberlain, D. E. (2015).
Drivers of climate change impacts on bird communities. Journal of Animal
Ecology, 84(4), 943-954.

Petchey, O. L., Evans, K. L., Fishburn, I. S., & Gaston, K. J. (2007). Low functional

diversity and no redundancy in British avian assemblages. Journal of Animal

43



Ecology, 977-985.

Plummer, K. E., Risely, K., Toms, M. P., & Siriwardena, G. M. (2019). The
composition of British bird communities is associated with long-term garden bird
feeding. Nature communications, 10(1), 1-8.

Qian, H., Jin, Y., Leprieur, F., Wang, X., & Deng, T. (2020). Geographic patterns and
environmental correlates of taxonomic and phylogenetic beta diversity for
large - scale angiosperm assemblages in China. Ecography, 43(11), 1706-1716.

Rega-Brodsky, C. C., Aronson, M. F., Piana, M. R,, Carpenter, E.-S., Hahs, A. K,,
Herrera-Montes, A., Knapp, S., Kotze, D. J., Lepczyk, C. A., & Moretti, M. (2022).
Urban biodiversity: State of the science and future directions. Urban
Ecosystems, 1-14.

Rodewald, A. D., Kearns, L. J., & Shustack, D. P. (2013). Consequences of
urbanizing landscapes to reproductive performance of birds in remnant forests.
Biological conservation, 160, 32-39.

Sabatini, F. M., Jiménez - Alfaro, B., Burrascano, S., Lora, A., & Chytry, M. (2018).
Beta - diversity of central European forests decreases along an elevational
gradient due to the variation in local community assembly processes. Ecography,
41(6), 1038-1048.

Santiago-Alarcon, D., & Delgado-V, C. A. (2017). Warning! Urban threats for birds in
Latin America. Avian ecology in Latin American cityscapes, 125-142.

Sattler, T., Borcard, D., Arlettaz, R., Bontadina, F., Legendre, P., Obrist, M., & Moretti,
M. (2010). Spider, bee, and bird communities in cities are shaped by
environmental control and high stochasticity. Ecology, 91(11), 3343-3353.

Shochat, E., Lerman, S., & Fernandez-Juricic, E. (2010). Birds in urban ecosystems:
population dynamics, community structure, biodiversity, and conservation. Urban
ecosystem ecology, 55, 75-86.

Shochat, E., Warren, P. S., Faeth, S. H., Mclntyre, N. E., & Hope, D. (2006). From
patterns to emerging processes in mechanistic urban ecology. Trends in ecology

& evolution, 21(4), 186-191.

44



Sims, V., Evans, K. L., Newson, S. E., Tratalos, J. A., & Gaston, K. J. (2008). Avian
assemblage structure and domestic cat densities in urban environments.
Diversity and Distributions, 14(2), 387-399.

Socolar, J. B., Epanchin, P. N., Beissinger, S. R., & Tingley, M. W. (2017).
Phenological shifts conserve thermal niches in North American birds and
reshape expectations for climate-driven range shifts. Proceedings of the National
Academy of Sciences, 114(49), 12976-12981.

Soininen, J., Heino, J., & Wang, J. (2018). A meta - analysis of nestedness and
turnover components of beta diversity across organisms and ecosystems. Global
Ecology and Biogeography, 27(1), 96-109.

Soininen, J., McDonald, R., & Hillebrand, H. (2007). The distance decay of similarity
in ecological communities. Ecography, 30(1), 3-12.

Sol, D., Bartomeus, |., Gonzalez - Lagos, C., & Pavoine, S. (2017). Urbanisation and
the loss of phylogenetic diversity in birds. Ecology letters, 20(6), 721-729.

Sol, D., Gonzalez - Lagos, C., Moreira, D., Maspons, J., & Lapiedra, O. (2014).
Urbanisation tolerance and the loss of avian diversity. Ecology letters, 17(8),
942-950.

Sorace, A., & Gustin, M. (2008). Homogenisation processes and local effects on
avifaunal composition in Italian towns. Acta oecologica, 33(1), 15-26.

Sorace, A., & Gustin, M. (2009). Distribution of generalist and specialist predators
along urban gradients. Landscape and Urban Planning, 90(3-4), 111-118.

Torres, R., Gasparri, N. |., Blendinger, P. G., & Grau, H. R. (2014). Land-use and
land-cover effects on regional biodiversity distribution in a subtropical dry forest:
a hierarchical integrative multi-taxa study. Regional Environmental Change,
14(4), 1549-1561.

Tratalos, J., Fuller, R. A., Evans, K. L., Davies, R. G., Newson, S. E., Greenwood, J.
J., & Gaston, K. J. (2007). Bird densities are associated with household
densities. Global Change Biology, 13(8), 1685-1695.

Tratalos, J., Fuller, R. A., Warren, P. H., Davies, R. G., & Gaston, K. J. (2007). Urban

45



form, biodiversity potential and ecosystem services. Landscape and Urban
Planning, 83(4), 308-317.

Tremblay, M. A., & St. Clair, C. C. (2011). Permeability of a heterogeneous urban
landscape to the movements of forest songbirds. Journal of Applied Ecology,
48(3), 679-688.

Tuomisto, H., & Ruokolainen, K. (2006). Analyzing or explaining beta diversity?
Understanding the targets of different methods of analysis. Ecology, 87(11),
2697-2708.

Tuomisto, H., Ruokolainen, K., & Yli-Halla, M. (2003). Dispersal, environment, and
floristic variation of western Amazonian forests. Science, 299(5604), 241-244.

Ulrich, W., Baselga, A., Kusumoto, B., Shiono, T., Tuomisto, H., & Kubota, Y. (2017).
The tangled link between B - and y - diversity: a Narcissus effect weakens
statistical inferences in null model analyses of diversity patterns. Global Ecology
and Biogeography, 26(1), 1-5.

Ulrich, W., Kubota, Y., Kusumoto, B., Baselga, A., Tuomisto, H., & Gotelli, N. J.
(2018). Species richness correlates of raw and standardized co - occurrence
metrics. Global Ecology and Biogeography, 27(4), 395-399.

Underwood, A., & Chapman, M. (1996). Scales of spatial patterns of distribution of
intertidal invertebrates. Oecologia, 107(2), 212-224.

Van Den Wollenberg, A. L. (1977). Redundancy analysis an alternative for canonical
correlation analysis. Psychometrika, 42(2), 207-219.

van Heezik, Y., Smyth, A., & Mathieu, R. (2008). Diversity of native and exotic birds
across an urban gradient in a New Zealand city. Landscape and Urban Planning,
87(3), 223-232.

Vandewalle, M., De Bello, F., Berg, M. P., Bolger, T., Dolédec, S., Dubs, F., Feld, C.
K., Harrington, R., Harrison, P. A., & Lavorel, S. (2010). Functional traits as
indicators of biodiversity response to land use changes across ecosystems and
organisms. Biodiversity and Conservation, 19, 2921-2947.

Veech, J. A, & Crist, T. O. (2007). Habitat and climate heterogeneity maintain beta -

46



diversity of birds among landscapes within ecoregions. Global Ecology and
Biogeography, 16(5), 650-656.

Wayman, J. P., Sadler, J. P., Pugh, T. A., Martin, T. E., Tobias, J. A., & Matthews, T. J.
(2021). Identifying the drivers of spatial taxonomic and functional beta-diversity
of British breeding birds. Frontiers in Ecology and Evolution, 9, 620062.

Wayman, J. P., Sadler, J. P., Pugh, T. A., Martin, T. E., Tobias, J. A., & Matthews, T. J.
(2022). Assessing taxonomic and functional change in British breeding bird
assemblages over time. Global Ecology and Biogeography, 31(5), 925-939.

White, H. J., Montgomery, W. I., Storchova, L., Hofak, D., & Lennon, J. J. (2018).
Does functional homogenization accompany taxonomic homogenization of
British birds and how do biotic factors and climate affect these processes?
Ecology and Evolution, 8(15), 7365-7377.

Wright, D. H., Patterson, B. D., Mikkelson, G. M., Cutler, A., & Atmar, W. (1997). A
comparative analysis of nested subset patterns of species composition.
Oecologia, 113(1), 1-20.

Yen, J. D., Fleishman, E., Fogarty, F., & Dobkin, D. S. (2019). Relating beta diversity
of birds and butterflies in the Great Basin to spatial resolution, environmental
variables and trait - based groups. Global Ecology and Biogeography, 28(3),
328-340.

Zellweger, F., Roth, T., Bugmann, H., & Bollmann, K. (2017). Beta diversity of plants,
birds and butterflies is closely associated with climate and habitat structure.

Global Ecology and Biogeography, 26(8), 898-906.

47



Chapter 5

Bal, P., Tulloch, A. |., Addison, P. F., McDonald - Madden, E., & Rhodes, J. R. (2018).
Selecting indicator species for biodiversity management. Frontiers in Ecology
and the Environment, 16(10), 589-598.

Benton, T. G., Vickery, J. A., & Wilson, J. D. (2003). Farmland biodiversity: is habitat
heterogeneity the key? Trends in ecology & evolution, 18(4), 182-188.

Bonham, P., & Robertson, J. (1975). The spread of Cetti’'s Warbler in north-west
Europe. British Birds, 68, 393-408.

Callaghan, C. T., Major, R. E., Lyons, M. B., Martin, J. M., & Kingsford, R. T. (2018).
The effects of local and landscape habitat attributes on bird diversity in urban
greenspaces. Ecosphere, 9(7), e02347.

Cam, E., Nichols, J. D., Sauer, J. R,, Hines, J. E., & Flather, C. H. (2000). Relative
species richness and community completeness: birds and urbanization in the
Mid - Atlantic States. Ecological Applications, 10(4), 1196-1210.

Cannon, A. R., Chamberlain, D. E., Toms, M. P., Hatchwell, B. J., & Gaston, K. J.
(2005). Trends in the use of private gardens by wild birds in Great Britain 1995—
2002. Journal of Applied Ecology, 42(4), 659-671.

Clergeau, P., Croci, S., Jokimaki, J., Kaisanlahti-Jokimaki, M.-L., & Dinetti, M. (2006).
Avifauna homogenisation by urbanisation: analysis at different European
latitudes. Biological conservation, 127(3), 336-344.

Clergeau, P., Jokimaki, J., & Savard, J. P. L. (2001). Are urban bird communities
influenced by the bird diversity of adjacent landscapes? Journal of applied
ecology, 38(5), 1122-1134.

Colléony, A., & Shwartz, A. (2020). When the winners are the losers: Invasive alien
bird species outcompete the native winners in the biotic homogenization
process. Biological Conservation, 241, 108314.

Croci, S., Butet, A., & Clergeau, P. (2008). Does urbanization filter birds on the basis
of their biological traits. The Condor, 110(2), 223-240.

Dar, P. A., & Reshi, Z. A. (2014). Components, processes and consequences of biotic
48



homogenization: a review. Contemporary Problems of Ecology, 7(2), 123-136.

De Caceres, M., Jansen, F., & De Caceres, M. M. (2016). Package ‘indicspecies’.
indicators, 8(1).

Escobar-lbanez, J. F., Rueda-Hernandez, R., & MacGregor-Fors, I. (2020). The
greener the better! Avian communities across a neotropical gradient of
urbanization density. Frontiers in Ecology and Evolution, 8, 500791.

Fenoglio, M. S., Rossetti, M. R., & Videla, M. (2020). Negative effects of urbanization
on terrestrial arthropod communities: A meta - analysis. Global Ecology and
Biogeography, 29(8), 1412-1429.

Ferenc, M., Sedlacek, O., Fuchs, R., Dinetti, M., Fraissinet, M., & Storch, D. (2014).
Are cities different? Patterns of species richness and beta diversity of urban bird
communities and regional species assemblages in E urope. Global Ecology and
Biogeography, 23(4), 479-489.

Filgueiras, B. K., Peres, C. A., Melo, F. P, Leal, I. R., & Tabarelli, M. (2021). Winner—
loser species replacements in human-modified landscapes. Trends in Ecology &
Evolution, 36(6), 545-555.

Finch, T., Gillings, S., Green, R. E., Massimino, D., Peach, W. J., & Balmford, A.
(2019). Bird conservation and the land sharing - sparing continuum in
farmland - dominated landscapes of lowland England. Conservation Biology,
33(5), 1045-1055.

Finderup Nielsen, T., Sand - Jensen, K., Dornelas, M., & Bruun, H. H. (2019). More is
less: net gain in species richness, but biotic homogenization over 140 years.
Ecology Letters, 22(10), 1650-1657.

Fischer, C., Arvidson, R. S., & Littge, A. (2012). How predictable are dissolution
rates of crystalline material? Geochimica et Cosmochimica Acta, 98, 177-185.

Fuller, R., Smith, K., Grice, P., Currie, F., & Quine, C. (2007). Habitat change and
woodland birds in Britain: implications for management and future research. Ibis,
149, 261-268.

Garden, J. G., Mcalpine, C. A., Possingham, H. P., & Jones, D. N. (2007). Habitat

49



structure is more important than vegetation composition for local - level
management of native terrestrial reptile and small mammal species living in
urban remnants: A case study from Brisbane, Australia. Austral ecology, 32(6),
669-685.

Gilbert, G. (2012). Grasshopper Warbler Locustella naevia breeding habitat in Britain.
Bird Study, 59(3), 303-314.

Gilbert, O. (2012). The ecology of urban habitats. Springer Science & Business
Media.

Gregory, R., & Balillie, S. (1998). Large - scale habitat use of some declining British
birds. Journal of Applied Ecology, 35(5), 785-799.

Griebler, M. U., Morand, M., & Naef-Daenzer, B. (2008). A predictive model of the
density of airborne insects in agricultural environments. Agriculture, ecosystems
& environment, 123(1-3), 75-80.

Grlebler, M. U., Schuler, H., Horch, P., & Spaar, R. (2012). The effectiveness of
conservation measures to enhance nest survival in a meadow bird suffering from
anthropogenic nest loss. Biological Conservation, 146(1), 197-203.

Heald, O., Fraticelli, C., Cox, S., Stevens, M., Faulkner, S., Blackburn, T., & Le
Comber, S. (2020). Understanding the origins of the ring - necked parakeet in
the UK. Journal of Zoology, 312(1), 1-11.

Hernandez-Brito, D., Carrete, M., Popa-Lisseanu, A. G., Ibafez, C., & Tella, J. L.
(2014). Crowding in the city: losing and winning competitors of an invasive bird.
PloS one, 9(6), e100593.

Hewson, C. M., & Noble, D. G. (2009). Population trends of breeding birds in British
woodlands over a 32 - year period: relationships with food, habitat use and
migratory behaviour. Ibis, 151(3), 464-486.

Hiley, J. R., Bradbury, R. B., Holling, M., & Thomas, C. D. (2013). Protected areas act
as establishment centres for species colonizing the UK. Proceedings of the
Royal Society B: Biological Sciences, 280(1760), 20122310.

Horfak, D., Ferenc, M., Sedlacek, O., Motombi, F. N., Svoboda, M., Altman, J.,

50



Albrecht, T., Djomo Nana, E., Janecek, 8., & Dangak, M. (2019). Forest structure
determines spatial changes in avian communities along an elevational gradient
in tropical Africa. Journal of Biogeography, 46(11), 2466-2478.

Ibarra, J. T., & Martin, K. (2015). Biotic homogenization: loss of avian functional
richness and habitat specialists in disturbed Andean temperate forests.
Biological Conservation, 192, 418-427.

Jarvinen, O., & Ulfstrand, S. (1980). Species turnover of a continental bird fauna:
Northern Europe, 1850-1970. Oecologia, 46(2), 186-195.

Kuemmerle, T., Levers, C., Erb, K., Estel, S., Jepsen, M. R., Mdller, D., ... &
Reenberg, A. (2016). Hotspots of land use change in Europe. Environmental
research letters, 11(6), 064020.

Liere, H., Egerer, M. H., & Philpott, S. M. (2019). Environmental and spatial filtering
of ladybird beetle community composition and functional traits in urban
landscapes. Journal of Urban Ecology, 5(1), juz014.

Litteral, J., & Shochat, E. (2017). The role of landscape-scale factors in shaping
urban bird communities. In Ecology and conservation of birds in urban
environments (pp. 135-159). Springer.

Marzluff, J., Gehlbach, F., & Manuwal, D. (1998). Urban environments: influences on
avifauna and challenges for the avian conservationist. Avian conservation:
research and management. Island Press, Washington, DC, 283-299.

Marzluff, J. M. (2001). Worldwide urbanization and its effects on birds. In Avian
ecology and conservation in an urbanizing world (pp. 19-47). Springer.

Marzluff, J. M., & Ewing, K. (2008). Restoration of fragmented landscapes for the
conservation of birds: a general framework and specific recommendations for
urbanizing landscapes. In Urban Ecology (pp. 739-755). Springer.

McKinney, M. L. (2002). Urbanization, Biodiversity, and ConservationThe impacts of
urbanization on native species are poorly studied, but educating a highly
urbanized human population about these impacts can greatly improve species

conservation in all ecosystems. Bioscience, 52(10), 883-890.

51



McKinney, M. L. (2006). Urbanization as a major cause of biotic homogenization.
Biological conservation, 127(3), 247-260.

McKinney, M. L., & Lockwood, J. L. (1999). Biotic homogenization: a few winners
replacing many losers in the next mass extinction. Trends in ecology & evolution,
14(11), 450-453.

McKinney, M. L., & Lockwood, J. L. (1999). Biotic homogenization: a few winners
replacing many losers in the next mass extinction. Trends in ecology & evolution,
14(11), 450-453.

Melles, S., Glenn, S., & Martin, K. (2003). Urban bird diversity and landscape
complexity: species—environment associations along a multiscale habitat
gradient. Conservation Ecology, 7(1).

Menchetti, M., Mori, E., & Angelici, F. M. (2016). Effects of the recent world invasion
by ring-necked parakeets Psittacula krameri. In Problematic wildlife (pp. 253-
266). Springer.

Mohring, B., Henry, P.-Y., Jiguet, F., Malher, F., & Angelier, F. (2021). Investigating
temporal and spatial correlates of the sharp decline of an urban exploiter bird in
a large European city. Urban Ecosystems, 24, 501-513.

Newson, S. E., Johnston, A., Parrott, D., & Leech, D. I. (2011). Evaluating the
population - level impact of an invasive species, Ring - necked Parakeet
Psittacula krameri, on native avifauna. Ibis, 153(3), 509-516.

Newson, S. E., Ockendon, N., Joys, A., Noble, D. G., & Baillie, S. R. (2009).
Comparison of habitat - specific trends in the abundance of breeding birds in the
UK. Bird Study, 56(2), 233-243.

Palacio, F. X. (2020). Urban exploiters have broader dietary niches than urban
avoiders. Ibis, 162(1), 42-49.

Palomino, D., & Carrascal, L. M. (2006). Urban influence on birds at a regional scale:
a case study with the avifauna of northern Madrid province. Landscape and
Urban Planning, 77(3), 276-290.

Palta, M. M., Grimm, N. B., & Groffman, P. M. (2017). “Accidental” urban wetlands:

52



ecosystem functions in unexpected places. Frontiers in Ecology and the
Environment, 15(5), 248-256.

Pigot, A. L., Trisos, C. H., & Tobias, J. A. (2016). Functional traits reveal the
expansion and packing of ecological niche space underlying an elevational
diversity gradient in passerine birds. Proceedings of the Royal Society B:
Biological Sciences, 283(1822), 20152013.

Puga-Caballero, A., MacGregor-Fors, |., & Ortega-AIvarez, R. (2014). Birds at the
urban fringe: avian community shifts in different peri-urban ecotones of a
megacity. Ecological Research, 29(4), 619-628.

Rahel, F. J. (2000). Homogenization of fish faunas across the United States. Science,
288(5467), 854-856.

Recuero, E., Cruzado-Cortes, J., Parra-Olea, G., & Zamudio, K. R. (2010). Urban
aquatic habitats and conservation of highly endangered species: the case of
Ambystoma mexicanum (Caudata, Ambystomatidae). Annales Zoologici Fennici,

Regos, A., Dominguez, J., Gil-Tena, A., Brotons, L., Ninyerola, M., & Pons, X. (2016).
Rural abandoned landscapes and bird assemblages: winners and losers in the
rewilding of a marginal mountain area (NW Spain). Regional Environmental
Change, 16(1), 199-211.

Reif, J., & Hanzelka, J. (2016). Grassland winners and arable land losers: The effects
of post-totalitarian land use changes on long-term population trends of farmland
birds. Agriculture, Ecosystems & Environment, 232, 208-217.

Robinson, R. (2005). BirdFacts: profiles of birds occurring in Britain & Ireland. BTO
Research Report, 407, Thetford.

Robinson, R. A., Freeman, S. N., Balmer, D. E., & Grantham, M. J. (2007). Cetti's
Warbler Cettia cetti: analysis of an expanding population. Bird Study, 54(2), 230-
235.

Rodewald, A. D., & Arcese, P. (2017). Reproductive contributions of cardinals are
consistent with a hypothesis of relaxed selection in urban landscapes. Frontiers

in Ecology and Evolution, 5, 77.

53



Shochat, E., Lerman, S. B., Anderies, J. M., Warren, P. S., Faeth, S. H., & Nilon, C.
H. (2010). Invasion, competition, and biodiversity loss in urban ecosystems.
BioScience, 60(3), 199-208.

Smart, J., Taylor, E., Amar, A., Smith, K., Bierman, S., Carpenter, J., Grice, P., Currie,
F., Smithers, R., & Fuller, R. (2007). Habitat associations of woodland birds:
Implications for woodland management for declining species. Bedfordshire:
RSPB Research Report.[Google Scholar].

Sol, D., Trisos, C., Murria, C., Jeliazkov, A., Gonzalez - Lagos, C., Pigot, A. L.,
Ricotta, C., Swan, C. M., Tobias, J. A., & Pavoine, S. (2020). The worldwide
impact of urbanisation on avian functional diversity. Ecology Letters, 23(6), 962-
972.

Tabarelli, M., Peres, C. A., & Melo, F. P. (2012). The ‘few winners and many losers’
paradigm revisited: emerging prospects for tropical forest biodiversity. Biological
Conservation, 155, 136-140.

Thomas, G. (1993). Estimating annual total heron population counts. Journal of the
Royal Statistical Society: Series C (Applied Statistics), 42(3), 473-486.

Traut, A. H., & Hostetler, M. E. (2004). Urban lakes and waterbirds: effects of
shoreline development on avian distribution. Landscape and Urban Planning,
69(1), 69-85.

Tryjanowski, P., Morelli, F., & Mgller, A. P. (2020). Urban birds: Urban avoiders, urban
adapters, and urban exploiters. In The Routledge Handbook of Urban Ecology
(pp. 399-411). Routledge.

Tryjanowski, P., Morelli, F., & Mgller, A. P. (2020). Urban birds: Urban avoiders, urban
adapters, and urban exploiters. In The Routledge Handbook of Urban Ecology
(pp. 399-411). Routledge.

van Heezik, Y., Smyth, A., & Mathieu, R. (2008). Diversity of native and exotic birds
across an urban gradient in a New Zealand city. Landscape and urban planning,
87(3), 223-232.

Voogt, J. A., & Oke, T. R. (2003). Thermal remote sensing of urban climates. Remote

54



sensing of environment, 86(3), 370-384.

Wayman, J. P., Sadler, J. P., Pugh, T. A., Martin, T. E., Tobias, J. A., & Matthews, T. J.
(2022). Assessing taxonomic and functional change in British breeding bird
assemblages over time. Global Ecology and Biogeography, 31(5), 925-939.

Wilby, R. L., & Perry, G. L. (2006). Climate change, biodiversity and the urban
environment: a critical review based on London, UK. Progress in physical
geography, 30(1), 73-98.

Winarni, N. L., Fuad, H. A., Anugra, B. G., Kaunain, N. N., Anisafitri, S., Atria, M., &
Putrika, A. (2022). Potential ecological distributions of urban adapters and urban
exploiters for the sustainability of the urban bird network. ISPRS International
Journal of Geo-Information, 11(9), 474.

Wotton, S., Gibbons, D. W., Dilger, M., & Grice, P. V. (1998). Cetti's Warblers in the
United Kingdom and the Channel Islands in 1996. British Birds, 91(3), 77-89.

55



Chapter 6

Alberti, M. (2008). Advances in urban ecology: integrating humans and ecological
processes in urban ecosystems.

Alberti, M., Marzluff, J. M., Shulenberger, E., Bradley, G., Ryan, C., & Zumbrunnen,
C. (2003). Integrating humans into ecology: opportunities and challenges for
studying urban ecosystems. BioScience, 53(12), 1169-1179.

Allen, A. P, & O’Connor, R. J. (2000). Interactive effects of land use and other factors
on regional bird distributions. Journal of Biogeography, 27(4), 889-900.

Aronson, M. F.,, La Sorte, F. A., Nilon, C. H., Katti, M., Goddard, M. A., Lepczyk, C. A,
Warren, P. S., Williams, N. S., Cilliers, S., & Clarkson, B. (2014). A global
analysis of the impacts of urbanization on bird and plant diversity reveals key
anthropogenic drivers. Proceedings of the royal society B: biological sciences,
281(1780), 20133330.

Banaszak-Cibicka, W., & Zmihorski, M. (2012). Wild bees along an urban gradient:
winners and losers. Journal of Insect Conservation, 16(3), 331-343.

Barnes, A. (2021). Modelling mitigation of bird population declines in the UK through
landscape-scale environmental management Bournemouth University].

Baselga, A., Bonthoux, S., & Balent, G. (2015). Temporal beta diversity of bird
assemblages in agricultural landscapes: land cover change vs. stochastic
processes. PLoS One, 10(5), e0127913.

Beissinger, S. R., & Osborne, D. R. (1982). Effects of urbanization on avian
community organization. The Condor, 84(1), 75-83.

Berry, M. E., & Bock, C. E. (1998). Effects of habitat and landscape characteristics on
avian breeding distributions in Colorado foothills shrub. The Southwestern
Naturalist, 453-461.

Bezzel, E. (1985). Birdlife in intensively used rural and urban environments. Ornis
Fennica, 62(2), 90-95.

Blair, R. B. (2001). Birds and butterflies along urban gradients in two ecoregions of

the United States: is urbanization creating a homogeneous fauna? In Biotic
56



homogenization (pp. 33-56). Springer.

Blair, R. B. (2001). Creating a homogeneous avifauna. In Avian ecology and
conservation in an urbanizing world (pp. 459-486). Springer.

Bolger, D. T., Alberts, A. C., Sauvajot, R. M., Potenza, P., McCalvin, C., Tran, D.,
Mazzoni, S., & Soulé, M. E. (1997). Response of rodents to habitat
fragmentation in coastal southern California. Ecological Applications, 7(2), 552-
563.

Bonier, F. (2012). Hormones in the city: endocrine ecology of urban birds. Hormones
and Behavior, 61(5), 763-772.

Bush, A., Harwood, T., Hoskins, A. J., Mokany, K., & Ferrier, S. (2016). Current uses
of beta-diversity in biodiversity conservation: A response to. Trends Ecol Evol,
31, 337.

Bush, A., Harwood, T., Hoskins, A. J., Mokany, K., & Ferrier, S. (2016). Current uses
of beta-diversity in biodiversity conservation: A response to. Trends Ecol Evol,
31, 337.

Bush, A., Harwood, T., Hoskins, A. J., Mokany, K., & Ferrier, S. (2016). Current uses
of beta-diversity in biodiversity conservation: A response to. Trends Ecol Evol,
31, 337.

Bush, A., Harwood, T., Hoskins, A. J., Mokany, K., & Ferrier, S. (2016). Current uses
of beta-diversity in biodiversity conservation: A response to. Trends Ecol Evol,
31, 337.

Chace, J. F., & Walsh, J. J. (2006). Urban effects on native avifauna: a review.
Landscape and urban planning, 74(1), 46-69.

Clergeau, P., Croci, S., Jokimaki, J., Kaisanlahti-Jokimaki, M.-L., & Dinetti, M. (2006).
Avifauna homogenisation by urbanisation: analysis at different European
latitudes. Biological conservation, 127(3), 336-344.

Clergeau, P., Savard, J.-P. L., Mennechez, G., & Falardeau, G. (1998). Bird
abundance and diversity along an urban-rural gradient: a comparative study

between two cities on different continents. The Condor, 100(3), 413-425.

57



Cohn, J. P. (2008). Citizen science: Can volunteers do real research? BioScience,
58(3), 192-197.

Cornelissen, J., Lavorel, S., Garnier, E., Diaz, S., Buchmann, N., Gurvich, D., Reich,
P., Ter Steege, H., Morgan, H., & Van Der Heijden, M. (2003). A handbook of
protocols for standardised and easy measurement of plant functional traits
worldwide. Australian journal of Botany, 51(4), 335-380.

Cox, D. T., & Gaston, K. J. (2015). Likeability of garden birds: Importance of species
knowledge & richness in connecting people to nature. PloS one, 10(11),
e0141505.

Croci, S., Butet, A., & Clergeau, P. (2008). Does urbanization filter birds on the basis
of their biological traits. The Condor, 110(2), 223-240.

De Chazal, J., & Rounsevell, M. D. (2009). Land-use and climate change within
assessments of biodiversity change: a review. Global Environmental Change,
19(2), 306-315.

Dennis, R., Shreeve, T., Isaac, N., Roy, D., Hardy, P., Fox, R., & Asher, J. (2006). The
effects of visual apparency on bias in butterfly recording and monitoring.
Biological conservation, 128(4), 486-492.

Dennis, R. L., Dapporto, L., Sparks, T. H., Williams, S. R., Greatorex - Davies, J. N.,
Asher, J., & Roy, D. B. (2010). Turnover and trends in butterfly communities on
two British tidal islands: stochastic influences and deterministic factors. Journal
of Biogeography, 37(12), 2291-2304.

Dennis, R. L., & Hardy, P. B. (1999). Targeting squares for survey: predicting species
richness and incidence of species for a butterfly atlas. Global Ecology and
Biogeography: Research Articles, 8(6), 443-454.

Devictor, V., Mouillot, D., Meynard, C., Jiguet, F., Thuiller, W., & Mouquet, N. (2010).
Spatial mismatch and congruence between taxonomic, phylogenetic and
functional diversity: the need for integrative conservation strategies in a changing
world. Ecology Letters, 13(8), 1030-1040.

Donald, P. F., & Fuller, R. J. (1998). Ornithological atlas data: a review of uses and

58



limitations. Bird study, 45(2), 129-145.

Dunn, A. M., & Weston, M. A. (2008). A review of terrestrial bird atlases of the world
and their application. Emu-Austral Ornithology, 108(1), 42-67.

Evans, K. L., Chamberlain, D. E., Hatchwell, B. J., Gregory, R. D., & Gaston, K. J.
(2011). What makes an urban bird? Global Change Biology, 17(1), 32-44.

Faeth, S. H., Bang, C., & Saari, S. (2011). Urban biodiversity: patterns and
mechanisms. Annals of the New York Academy of Sciences, 1223(1), 69-81.

Fidino, M., & Magle, S. B. (2017). Trends in long-term urban bird research. Ecology
and conservation of birds in urban environments, 161-184.

Fischer, J. D., Cleeton, S. H., Lyons, T. P,, & Miller, J. R. (2012). Urbanization and the
predation paradox: the role of trophic dynamics in structuring vertebrate
communities. BioScience, 62(9), 809-818.

Fraixedas, S., Lindén, A., Piha, M., Cabeza, M., Gregory, R., & Lehikoinen, A. (2020).
A state-of-the-art review on birds as indicators of biodiversity: Advances,
challenges, and future directions. Ecological Indicators, 118, 106728.

Funk, V. A., & Richardson, K. (2002). Systematic data in biodiversity studies: use it or
lose it. Systematic biology, 51(2), 303-316.

Germaine, S. S., Rosenstock, S. S., Schweinsburg, R. E., & Richardson, W. S.
(1998). Relationships among breeding birds, habitat, and residential
development in greater Tucson, Arizona. Ecological Applications, 8(3), 680-691.

Gibbons, D. W., Donald, P. F., Bauer, H.-G., Fornasari, L., & Dawson, I. K. (2007).
Mapping avian distributions: the evolution of bird atlases. Bird study, 54(3), 324-
334.

Gillings, S. (2008). Designing a winter bird atlas field methodology: issues of time
and space in sampling and interactions with habitat. Journal of Ornithology,
149(3), 345-355.

Gillings, S., Balmer, D. E., & Fuller, R. J. (2015). Directionality of recent bird
distribution shifts and climate change in Great Britain. Global Change Biology,

21(6), 2155-2168.

59



Hansen, L., Zimmerman, M., & Kohlstedt, D. (2012). The influence of microstructure
on deformation of olivine in the grain - boundary sliding regime. Journal of
Geophysical Research: Solid Earth, 117(B9).

Harrison, J., Allan, D., Underhill, L., & Oatley, T. (1996). The Avian Demography Unit:
tracking bird populations in a changing South Africa. FEBS Lett, 223, 251-254.

Harrison, J., Underhill, L., & Barnard, P. (2008). The seminal legacy of the Southern
African Bird Atlas Project: research in action. South African Journal of Science,
104(3), 82-84.

Harrison, S., Ross, S. J., & Lawton, J. H. (1992). Beta diversity on geographic
gradients in Britain. Journal of Animal ecology, 151-158.

Herrando, S., Keller, V., Bauer, H.-G., Brotons, L., Eaton, M., Kalyakin, M., Voltzit, O.,
Lehikoinen, A., Milanesi, P., & Noble, D. (2019). Using the first European
Breeding Bird Atlas for science and perspectives for the new Atlas. Bird study,
66(2), 149-158.

Hill, M. J., White, J. C., Biggs, J., Briers, R. A., Gledhill, D., Ledger, M. E., Thornhill,
I., Wood, P. J., & Hassall, C. (2021). Local contributions to beta diversity in urban
pond networks: Implications for biodiversity conservation and management.
Diversity and Distributions, 27(5), 887-900.

Hill, M. O. (2012). Local frequency as a key to interpreting species occurrence data
when recording effort is not known. Methods in Ecology and Evolution, 3(1), 195-
205.

Huang, Y., Zhao, Y., Li, S., & von Gadow, K. (2015). The effects of habitat area,
vegetation structure and insect richness on breeding bird populations in Beijing
urban parks. Urban Forestry & Urban Greening, 14(4), 1027-1039.

Jetz, W., Wilcove, D. S., & Dobson, A. P. (2007). Projected impacts of climate and
land-use change on the global diversity of birds. PLoS biology, 5(6), e157.

Jokimaki, J., & Huhta, E. (1996). Effects of landscape matrix and habitat structure on
a bird community in northern Finland: a multi-scale approach. Ornis Fennica,

73(3), 97-113.

60



Jokimaki, J., & Kaisanlahti - Jokimaki, M. L. (2003). Spatial similarity of urban bird
communities: a multiscale approach. Journal of Biogeography, 30(8), 1183-1193.

Kark, S., lwaniuk, A., Schalimtzek, A., & Banker, E. (2007). Living in the city: can
anyone become an ‘urban exploiter'? Journal of Biogeography, 34(4), 638-651.

Keil, P., Schweiger, O., Kihn, I., Kunin, W. E., Kuussaari, M., Settele, J., Henle, K.,
Brotons, L., Pe’er, G., & Lengyel, S. (2012). Patterns of beta diversity in Europe:
the role of climate, land cover and distance across scales. Journal of
Biogeography, 39(8), 1473-1486.

Keten, A., Eroglu, E., Kaya, S., & Anderson, J. T. (2020). Bird diversity along a
riparian corridor in a moderate urban landscape. Ecological Indicators, 118,
106751.

Kettel, E. F.,, Gentle, L. K., Quinn, J. L., & Yarnell, R. W. (2018). The breeding
performance of raptors in urban landscapes: a review and meta-analysis.
Journal of Ornithology, 159(1), 1-18.

La Sorte, F. A., McKinney, M. L., PySek, P., Klotz, S., Rapson, G., Celesti - Grapow,
L., & Thompson, K. (2008). Distance decay of similarity among European urban
floras: the impact of anthropogenic activities on (3 diversity. Global Ecology and
Biogeography, 17(3), 363-371.

Lee, A. T. K., Ottosson, U., Jackson, C., Shema, S., & Reynolds, C. (2021). Urban
areas have lower species richness, but maintain functional diversity: insights
from the African Bird Atlas Project. Ostrich, 92(1), 1-15.

Leveau, L. M. (2013). Bird traits in urban—rural gradients: how many functional
groups are there? Journal of Ornithology, 154(3), 655-662.

Leyequien, E., Verrelst, J., Slot, M., Schaepman-Strub, G., Heitkdnig, I. M., &
Skidmore, A. (2007). Capturing the fugitive: Applying remote sensing to
terrestrial animal distribution and diversity. International Journal of Applied Earth
Observation and Geoinformation, 9(1), 1-20.

Lim, H. C., & Sodhi, N. S. (2004). Responses of avian guilds to urbanisation in a
tropical city. Landscape and urban planning, 66(4), 199-215.

61



Luck, G. W., & Smallbone, L. T. (2011). The impact of urbanization on taxonomic and
functional similarity among bird communities. Journal of Biogeography, 38(5),
894-906.

Luck, G. W., Smallbone, L. T., & Sheffield, K. J. (2013). Environmental and socio -
economic factors related to urban bird communities. Austral Ecology, 38(1), 111-
120.

Martinuzzi, S., Gould, W. A., & Gonzalez, O. M. R. (2007). Creating cloud-free
Landsat ETM+ data sets in tropical landscapes: cloud and cloud-shadow
removal. US Department of Agriculture, Forest Service, International Institute of
Tropical Forestry. Gen. Tech. Rep. IITF-32., 32.

Martinuzzi, S., Gould, W. A., & Gonzalez, O. M. R. (2007). Land development, land
use, and urban sprawl in Puerto Rico integrating remote sensing and population
census data. Landscape and urban planning, 79(3-4), 288-297.

Marzluff, J. M. (2001). Worldwide urbanization and its effects on birds. In Avian
ecology and conservation in an urbanizing world (pp. 19-47). Springer.

Marzluff, J. M. (2017). A decadal review of urban ornithology and a prospectus for the
future. Ibis, 159(1), 1-13.

Marzluff, J. M., Bowman, R., & Donnelly, R. (2012). Avian ecology and conservation
in an urbanizing world. Springer Science & Business Media.

Maxwell, S. L., Fuller, R. A., Brooks, T. M., & Watson, J. E. (2016). Biodiversity: The
ravages of guns, nets and bulldozers. Nature, 536(7615), 143-145.

Mbiba, M., Mazhude, C., Fabricius, C., Fritz, H., & Muvengwi, J. (2021). Bird species
assemblages differ, while functional richness is maintained across an urban
landscape. Landscape and urban planning, 212, 104094.

McKinney, M. L. (2002). Urbanization, Biodiversity, and ConservationThe impacts of
urbanization on native species are poorly studied, but educating a highly
urbanized human population about these impacts can greatly improve species
conservation in all ecosystems. BioScience, 52(10), 883-890.

McKinney, M. L. (2008). Effects of urbanization on species richness: a review of

62



plants and animals. Urban ecosystems, 11(2), 161-176.

Munyenyembe, F., Harris, J., Hone, J., & Nix, H. (1989). Determinants of bird
populations in an urban area. Australian Journal of Ecology, 14(4), 549-557.

Myers, J. A., & LaManna, J. A. (2016). The promise and pitfalls of 3 - diversity in
ecology and conservation. Journal of Vegetation Science, 27(6), 1081-1083.

Nekola, J. C., & White, P. S. (1999). The distance decay of similarity in biogeography
and ecology. Journal of Biogeography, 26(4), 867-878.

Newbold, T., Scharlemann, J. P., Butchart, S. H., Sekercioglu, C. H., Joppa, L.,
Alkemade, R., & Purves, D. W. (2014). Functional traits, land - use change and
the structure of present and future bird communities in tropical forests. Global
Ecology and Biogeography, 23(10), 1073-1084.

O'Brien, K. L., & Leichenko, R. M. (2003). Winners and losers in the context of global
change. Annals of the association of American geographers, 93(1), 89-103.

Qian, H., & Ricklefs, R. E. (2012). Disentangling the effects of geographic distance
and environmental dissimilarity on global patterns of species turnover. Global
Ecology and Biogeography, 21(3), 341-351.

Rader, R., Bartomeus, |., Tylianakis, J. M., & Laliberté, E. (2014). The winners and
losers of land use intensification: Pollinator community disassembly is non -
random and alters functional diversity. Diversity and Distributions, 20(8), 908-
917.

Ramenofsky, M. (2012). Reconsidering the role of photoperiod in relation to effects of
precipitation and food availability on spring departure of a migratory bird.
Proceedings of the royal society B: biological sciences, 279(1726), 15-16.

Regos, A., Imbeau, L., Desrochers, M., Leduc, A., Robert, M., Jobin, B., Brotons, L.,
& Drapeau, P. (2018). Hindcasting the impacts of land - use changes on bird
communities with species distribution models of Bird Atlas data. Ecological
Applications, 28(7), 1867-1883.

Robertson, M., Cumming, G., & Erasmus, B. (2010). Getting the most out of atlas
data. Diversity and Distributions, 16(3), 363-375.

63



Robertson, R. (1995). Glocalization: Time-space and homogeneity-heterogeneity.
Global modernities, 2(1), 25-44.

Rodrigues, A. G., Borges-Martins, M., & Zilio, F. (2018). Bird diversity in an urban
ecosystem: the role of local habitats in understanding the effects of urbanization.
Iheringia. Série Zoologia, 108.

Saab, V. (1999). Importance of spatial scale to habitat use by breeding birds in
riparian forests: a hierarchical analysis. Ecological Applications, 9(1), 135-151.

Santana, J., Porto, M., Reino, L., Moreira, F., Ribeiro, P. F., Santos, J. L., Rotenberry,
J. T., & Beja, P. (2017). Using beta diversity to inform agricultural policies and
conservation actions on Mediterranean farmland. Journal of Applied Ecology,
54(6), 1825-1835.

Shen, H., Li, H., Qian, Y., Zhang, L., & Yuan, Q. (2014). An effective thin cloud
removal procedure for visible remote sensing images. ISPRS Journal of
Photogrammetry and Remote Sensing, 96, 224-235.

Sims, V., Evans, K. L., Newson, S. E., Tratalos, J. A., & Gaston, K. J. (2008). Avian
assemblage structure and domestic cat densities in urban environments.
Diversity and Distributions, 14(2), 387-399.

Socolar, J. B., Gilroy, J. J., Kunin, W. E., & Edwards, D. P. (2016). How should beta-
diversity inform biodiversity conservation? Trends in ecology & evolution, 31(1),
67-80.

Soininen, J., McDonald, R., & Hillebrand, H. (2007). The distance decay of similarity
in ecological communities. Ecography, 30(1), 3-12.

Sol, D., Bartomeus, I., Gonzalez - Lagos, C., & Pavoine, S. (2017). Urbanisation and
the loss of phylogenetic diversity in birds. Ecology Letters, 20(6), 721-729.

Stanbury, A., Eaton, M., Aebischer, N., Balmer, D., Brown, A., Douse, A., Lindley, P.,
McCulloch, N., Noble, D., & Win, I. (2021). The status of our bird. British Birds,
114, 723-747.

Stein, A., Gerstner, K., & Kreft, H. (2014). Environmental heterogeneity as a universal

driver of species richness across taxa, biomes and spatial scales. Ecology

64



Letters, 17(7), 866-880.

Suri, J., Anderson, P. M., Charles-Dominique, T., Hellard, E., & Cumming, G. S.
(2017). More than just a corridor: A suburban river catchment enhances bird
functional diversity. Landscape and urban planning, 157, 331-342.

Temme, A. A, Liu, J. C., Cornwell, W. K., Cornelissen, J. H., & Aerts, R. (2015).
Winners always win: growth of a wide range of plant species from low to future
high CO 2. Ecology and Evolution, 5(21), 4949-4961.

Theobald, D. M. (2004). Placing exurban land - use change in a human modification
framework. Frontiers in Ecology and the Environment, 2(3), 139-144.

Thompson, P. L., Kéfi, S., Zelnik, Y. R., Dee, L. E., Wang, S., de Mazancourt, C.,
Loreau, M., & Gonzalez, A. (2021). Scaling up biodiversity—ecosystem
functioning relationships: the role of environmental heterogeneity in space and
time. Proceedings of the Royal Society B, 288(1946), 20202779.

Tobler, W. R. (1970). Spectral analysis of spatial series. Library Photographic
Service, U. of California.

Tucker, C. J., Grant, D. M., & Dykstra, J. D. (2004). NASA’s global orthorectified
Landsat data set. Photogrammetric Engineering & Remote Sensing, 70(3), 313-
322.

Tuomisto, H., Ruokolainen, K., & Yli-Halla, M. (2003). Dispersal, environment, and
floristic variation of western Amazonian forests. Science, 299(5604), 241-244.

Vandewalle, M., De Bello, F., Berg, M. P., Bolger, T., Dolédec, S., Dubs, F., Feld, C.
K., Harrington, R., Harrison, P. A., & Lavorel, S. (2010). Functional traits as
indicators of biodiversity response to land use changes across ecosystems and
organisms. Biodiversity and Conservation, 19(10), 2921-2947.

Whittaker, R. J., Araujo, M. B., Jepson, P, Ladle, R. J., Watson, J. E., & Willis, K. J.
(2005). Conservation biogeography: assessment and prospect. Diversity and

Distributions, 11(1), 3-23.

65



