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Abstract

Purpose of Review While several hundred thousand species of insects, mammals, and birds rely on flowers for food or repro-
duction, a surprising dearth of literature focuses specifically on floral resources. An understanding of floral resource availability is
particularly necessary in urban areas, which have recently been proposed as important habitat for declining pollinator popula-
tions. In this study, we aim to synthesize existing information and provide new insights about the effects of land use and land
cover (LULC) change and urbanization on the distribution, diversity, and abundance of floral resources.

Recent Findings Our results suggest that certain LULC types provide more floral resources than others. In particular, urban lands
may have higher floral density than agricultural or natural lands. However, we also observed inconsistent findings between
studies, and the relationship between urbanization and floral resource availability may vary by city, with this variation possibly
due in part to city size, LULC composition, regional biome, and biases in sampling.

Summary It appears that cities have the potential to provide an important source of floral resources. However, a complete
understanding of the effects of urbanization on floral resources requires that landscape composition and heterogeneity be taken
into account. We recommend that more studies estimate floral resource availability at a landscape scale by combining data about
LULC composition with data about floral resource availability within various LULC types. These studies should focus specif-
ically on flower communities and be conducted along a full urban-rural gradient.

Keywords Flower abundance - Flower diversity - Urbanization - Resource availability - Pollinators - Urban biodiversity

Introduction flowers for food, reproduction, or other resources [1], and
other taxonomic groups such as birds, bats, rodents, lizards,
and even carnivorous mammals also feed on nectar and pollen

[2, 3]. While a large body of literature documents the

Flowers provide critical resources for a great diversity of an-
imals. More than 350,000 arthropod species regularly use

This article is part of the Topical Collection on Urban Landscape Ecology

>4 Emily S. Minor Philip Johnson
eminor@uic.edu pjohnsS @uic.edu
Lauren Lynch .
I Maryam Gharehaghaji
Irlynch2 @illinois.edu mghare2 @uic.edu
Madeline Kangas

mkangas2 @illinois.edu ! Department of Natural Resources and Environmental Sciences,

Nikolas Ballut University of Illinois at Urbana-Champaign, W411 Turner Hall,

nballut2 @uic.edu

Alissa Doucet
adouce3 @uic.edu

Kiristine Schoenecker
kms17 @illinois.edu

@ Springer

1102 S Goodwin Ave, Urbana, IL, USA

Department of Biological Sciences, University of Illinois at Chicago,
3346 SES, 845 W Taylor St, Chicago, IL, USA

Institute for Environmental Science and Policy, University of Illinois
at Chicago, Chicago, USA


http://crossmark.crossref.org/dialog/?doi=10.1007/s40823-021-00064-1&domain=pdf
http://orcid.org/0000-0003-3906-3044
mailto:eminor@uic.edu

Curr Landscape Ecol Rep (2021) 6:46-70

47

distribution and diversity of plants [4, 5], a surprising dearth of
literature focuses specifically on the availability of floral
resources.

Most of what is known about floral resources comes
from pollinator studies conducted in rural areas. From these
studies, in which floral resources are usually treated as a
predictor variable, we know that floral resource availability
varies with differences in land use and/or land cover
(LULC). For example, in a Nigerian tropical rainforest eco-
system, secondary forests had higher floral abundance than
agricultural land [6]. In rural and suburban landscapes of
southeastern Canada, floral diversity was higher in residen-
tial gardens than in semi-natural ruderal grasslands, al-
though a lower proportion of plant species in gardens were
visited by bees [7]. Because floral resources differ with
LULC type, and because LULC composition varies along
an urban-rural gradient, urbanization is also likely to alter
floral resource availability. From the limited number of ur-
ban studies that have been conducted, it is clear that floral
resources can vary widely between urban LULC types [8,
9]. However, while urban areas have been proposed as ref-
uges for pollinators [10], information about floral resources
across the diversity of urban LULC types is still sparse.
Therefore, more research on flower availability across a full
urban-rural gradient is needed to understand the ability of
urban landscapes to provide necessary resources to flower
visitors.

Studies that do consider floral resource distribution along
an urban-rural gradient often use a simplified urbanization
gradient approach and do not consider the full range of
LULC types present. For example, urbanization may be mea-
sured using proxies such as human population density (e.g.,
[11]), housing density (e.g., [12]), or impervious surface cover
(e.g., [13]). However, considering the full complexity of the
landscape may be especially important in urban areas, which
are highly heterogeneous at a fine spatial scale [14]. Given this
heterogeneity, we should not simply assume that floral re-
sources would vary uniformly with a single proxy of urbani-
zation. Of the studies that have examined floral resources in a
way that incorporates this heterogeneity of LULC, none have
done so across the full urban-rural gradient. Therefore, there is
aneed for an evaluation of floral resources that moves beyond
a simplified urbanization gradient approach and incorporates
the changes in LULC composition that occur with
urbanization.

This more nuanced approach to assessing the effects of
urbanization on floral resource availability is necessary to gain
an accurate understanding of the ways in which urbanization
impacts flower visitors. Most animals that use floral resources
are highly mobile and thus can make use of complementary
resources distributed across a heterogeneous landscape. For
example, in a study of five bumble bee species in England,
worker bees from three of the five species were estimated to

have travelled over two kilometers from their colony while
foraging [15]. Therefore, local estimates of floral resources
derived from small quadrats may not accurately represent
the resources that are available, or the suitability of a land-
scape, to most foragers. However, most studies only measure
floral resources at the local level and do not consider the full
spectrum of LULC types available in the surrounding
landscape.

Our goal in this paper is to synthesize existing information
and provide new insights about the effects of urbanization on
the distribution, diversity, and abundance of floral resources.
To accomplish this, we first review published research that (1)
examines local-level floral resources in a variety of LULC
types that exist along an urban-rural gradient, (2) evaluates
the effects of urbanization on floral resource availability using
simplified proxies of urbanization such as impervious surface
cover or housing density, or (3) incorporates landscape het-
erogeneity into estimates of landscape-scale floral resource
availability by scaling up local-level estimates of floral re-
sources in multiple LULC types. We then combine published
information about local-level floral resource availability with
published information about LULC changes across an urban-
rural gradient to provide a novel estimate of how landscape-
level floral resources might change along that gradient. In
doing this, we aim to offer a new understanding of the poten-
tial of urban areas to provide floral resources for the many
thousands of species that rely on nectar or pollen as sources
of food.

Methods
Literature Search and Extraction of Information

We conducted a systematic literature search for studies that
provide information either about the direct relationship be-
tween urbanization and floral resources or about floral re-
sources within LULC types that exist on an urban-rural gra-
dient. First, we searched for studies that included both a key
term related to urbanization (e.g., “urban,” “suburban”; see
Appendix 1, Table Al for a full list of search terms) AND a
key term related to floral resource availability (e.g., “flower
abundance,” “floral diversity”). We then searched for studies
that included a key term either related to LULC (e.g., “land
use,” “land cover”) or indicating a specific LULC category
(e.g. “vacant lot*,” “grassland*””) AND a key term related to
floral resource availability. We restricted our search to studies
published within the last five years, and all searches were
conducted between February and April 2020 using the Web
of Science database. If we encountered additional relevant
studies cited in the articles returned by our search, we included
these as well.
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Studies identified by our literature search were then
reviewed to determine whether they were relevant to our
study. We categorized studies as relevant if they met the fol-
lowing criteria: (1) evaluated the relationship between proxies
of urbanization (e.g., population density, percent impervious
surface cover) and floral resource availability, (2) provided
information about floral resource availability in one or more
LULC types, or (3) estimated floral resource, nectar, or pollen
availability on a landscape scale using a combination of local-
scale estimates of floral resource availability and data about
landscape composition. All other studies were removed from
our list. Additionally, we did not generally consider studies of
experimentally planted floral resources or studies that focused
on a subset of flowering plants rather than the full community
(e.g., flowers pollinated by hummingbirds). We encountered
many studies that collected information about floral resource
availability but did not report the floral resource measure-
ments; we were unable to use these studies.

From each study categorized as relevant, we collected in-
formation including the location of the study, its position on
an urban-rural gradient (urban, semi-urban, or rural), the mea-
surements of floral resource availability that were used (e.g.,
abundance, diversity, percent flower cover), whether or not
the study provided information about seasonal changes in flo-
ral resource availability, and the LULC types considered in the
study. To classify the position of a study along an urban-rural
gradient, we took our cues from the authors. If the authors
defined their study sites as “urban” or “rural,” then we used
the same classification. If they defined their study sites as
“suburban,” “exurban,” or “small town,” we classified these
as “semi-urban.” Many of the rural studies did not use the term
“rural”’; however, any study that took place in large-scale ag-
ricultural fields, or a national park or other large natural area
far from urban development, was also considered “rural.” For
the LULC classification, we assigned papers to one or more of
the following categories based on their study site description:
agriculture (crops), agriculture (orchard), agriculture (grazed
land), agriculture (non-cultivated), timber stand, roadside or
other right-of-way, forest, grassland, other natural land, resi-
dential, urban park, urban agriculture, and other urban (includ-
ing green roofs, paved areas, cemeteries, schools, and unclas-
sified urban areas). LULC categories are defined further in
Appendix 1, Table A2.

When possible, we used information from the articles to
extract flower density. We were able to do this only when the
authors of the study provided either a direct estimate of flower
density or a combination of flower abundance, sampling area,
and the number of times each site was sampled. We excluded
studies in which this information was included only in a figure
and studies in which precise values of flower density or abun-
dance separated by LULC type were not provided. To ensure
that estimates of flower density were comparable between
different studies, we calculated flower density only for studies
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in which clusters of small flowers such as inflorescences, um-
bels, and racemes were each counted as a single floral unit.
We did not calculate density for studies that counted each
individual flower within an inflorescence, or for studies that
counted the abundance of flowering plants rather than the
flowers themselves. Additionally, when the same data were
reported in multiple articles, we only collected information
about flower density from one of those articles. See
Appendix 2 for flower density and other information about
each relevant article.

Each density measure was linked with one of the LULC
types described previously. Because we were able to calculate
density from only a small portion of the studies that we
reviewed, and because of the variability in factors such as
geographic location, climate, and season that existed within
the dataset, we did not statistically compare density between
different LULC types. However, we report summary statistics
of flower density within each LULC type, and further sum-
marize the floral density data in four condensed LULC cate-
gories (residential, urban mix, agricultural, and natural) to
facilitate the landscape-level analysis described in the follow-
ing section.

Scaling Up Floral Density to the Landscape Scale

To estimate differences in landscape-level floral resource
availability along an urban-rural gradient, we combined the
flower density information described above with information
about how LULC composition changes from the center of a
city to surrounding rural areas. We extracted information
about LULC composition along an urban-rural gradient from
three transect-based studies of different cities: New York City,
USA [16], Phoenix, USA [17], and Xiamen City, China [18].
The three cities differ in population size, city structure, cli-
mate, global context, and LULC composition along the
urban-rural gradient, and thus allow for some broader gener-
alization across ecologically and socially diverse regions of
the world. We provide some information about the population
size, biome, and LULC composition of these three cities in
Appendix 3.

Since the studies of each city used different LULC classi-
fication systems, we began by converting the LULC types in
each paper into four categories that could be applied to all
cities: residential land, urban mix (including all non-
residential urban land), agricultural land, and natural land.
Then, for each city separately, we used information about
floral density within each of these four LULC types and the
landscape composition in each city to estimate floral density
along the urban-rural gradient. To do so, we first divided the
urban-rural gradient into 10 or 20 km bands, with each band
indicating the distance from city center. We used 10-km bands
for the first 40 km from the city center, then switched to 20-km
bands for distances beyond 40 km. In each band, we extracted
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the approximate percent cover of each of the four LULC types
described above. Then, we multiplied the floral density within
each LULC type by the percent cover of that LULC type to
estimate the total density of floral resources in each band.

Results and Discussion
Availability of Information

Our systematic literature search yielded a total of 789 studies,
135 of which were considered relevant to our review
(Appendix 2). Of the relevant studies, 59 were conducted in
Europe, 48 in North America, ten in South America, nine in
Afica, six in Asia, and five in Australia (Fig. 1). Most of the
relevant studies examined floral resources at only one location
along the urban-rural gradient, but 17 considered either a full or
partial urbanization gradient, allowing for direct comparisons
between floral resources at different levels of urbanization. A
total of 112 of the relevant studies provided information about
floral resources in rural areas, 22 reported on urban areas, and
22 reported on semi-urban areas (these study categories are not
mutually exclusive) (Fig. 2a). At the rural end of the gradient, a
similar number of studies were available in both agricultural
and natural LULC types. When considering specific LULC
categories, the greatest number of studies were conducted in
grasslands, followed by croplands and forests, with the smallest
number of studies occurring in timber stands (Fig. 2b).
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Relationship Between Proxies of Urbanization and
Floral Resource Availability

While research on the effects of urbanization on pollinator
communities has proliferated in recent years (e.g., [19, 20]),
our search returned only eight studies published between 2016
and 2020 providing information about the relationship be-
tween urbanization and floral resource availability. These
studies explored the relationship between measurements of
urbanization—including population density [11], housing
density [12], and impervious surface cover [13]—and flower
abundance, diversity, or functional traits. The primary focus
of most of these papers was the relationship between urbani-
zation and pollinator communities, with the relationship be-
tween floral resource availability and urbanization often of-
fered as a potential explanation for changes in pollinator abun-
dance or diversity [21].

The inconsistent results of these eight studies emphasize
the need for more research on the relationship between urban-
ization and floral resource availability. While one study found
that building density had a positive effect on peak bloom
abundance [12], another study reported a negative correlation
between flower abundance and impervious surface [13]. Two
studies found no effect of urbanization on flower abundance
[7, 9]. Results describing the effects of urbanization on flower
richness are similarly varied. Theodorou et al. [21] and Fitch
[9] both found a positive effect of urbanization on flower
richness. Conversely, Graves et al. [12] found that species
richness decreased as building density increased. Two
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Fig. 1 Locations of studies that provide relevant information about floral resources
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Fig. 2 The number of relevant studies identified by our review (a) at
urban, semi-urban, and rural positions along an urban-rural gradient,
and (b) within different LULC classes. Papers were counted more than

additional studies reported non-linear relationships between ur-
banization and floral resource availability: in residential areas of
Chicago (USA), flower richness was found to peak at interme-
diate housing densities [11], while in Denver (USA), flower
richness was found to be lowest in suburban areas, highest in
rural areas, and intermediate in urban areas [19].

In addition to changes in flower abundance and richness
that occur with urbanization, two studies also reported chang-
es in the trait composition of floral resources. For example, in
a small city in Pennsylvania (USA), flower communities in
the city center included a greater percentage of introduced
species than communities at rural field sites [20]. In residential
neighborhoods of Chicago (USA), the richness of blooming
annual species increased linearly with development intensity
while the richness of perennial species peaked at an interme-
diate development intensity [11]. Floral abundance of orna-
mental species also peaked at an intermediate development
intensity in Chicago, but floral abundance of weedy species
was unrelated to urbanization [11].

The contradictory results among different studies could be
caused by the use of different urbanization metrics, and by a
failure of some studies to evaluate nonlinear models [11]. In
addition, the effects of urbanization on floral resource avail-
ability are likely to vary in different contexts. For example, the
relationship between urbanization and floral resource avail-
ability may depend on the size of the city and the portion of
the urban-rural gradient in which the study is conducted. In
dense downtown areas of large cities, residents often live in
apartments without yards or gardens, and shade from high rise
buildings inhibits flower growth [22]. As a result, studies con-
ducted in these areas might be more likely to observe a neg-
ative effect of urbanization on floral resource availability. In
contrast, studies evaluating neighborhoods with lower overall
human population densities may be more likely to reveal a
positive effect of urbanization on floral resource availability
because increases in housing density lead to an increase in the
number of home gardens present within an area, resulting in
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once in these figures if they provided information about floral resources at
different locations along the urban-rural gradient or in different LULC
categories

greater floral diversity. Similarly, the relationship between
urbanization and floral resource availability is likely to depend
on the biome in which the city is located. For example, urban
areas located in low-diversity biomes such as coniferous for-
ests may have relatively higher floral diversity in comparison
to their outlying rural areas, while urban areas located in high-
diversity biomes may have relatively lower floral diversity in
comparison.

Finally, different relationships between urbanization and
floral resource availability may be observed in different
LULC types, and some of the variation in patterns observed
between studies may be related to the LULC categories in
which these studies were conducted. For example,
Theodorou et al. [21] found that flower richness was higher
in urban than rural areas while Graves et al. [12] found that
flower richness was lower in more densely populated areas.
This difference could be due to the fact that the more rural
study sites considered by Theodorou et al. [21] were com-
posed largely of cropland while the study sites considered
by Graves et al. [12] were located in forested areas, pastures,
and hay fields. Overall, the studies relating proxies of urban-
ization to floral resource availability took place in a wide
variety of LULC types, including urban parks, residential
areas, urban agricultural sites, non-urban agricultural sites,
natural and semi-natural habitats, and others. Individually,
however, most studies focused on one to three LULC types.
To gain a clearer understanding of the overall relationship
between urbanization and floral resource availability, we need
studies that consider all of the LULC types that exist along an
urban-rural gradient and collect data across the entire urbani-
zation gradient from the city center to surrounding rural areas.

While simplified proxies of urbanization may be useful in
understanding broad patterns of change across an urban-rural
gradient, and particularly for understanding change within a
single LULC type, we suggest that simplified proxies are
probably less useful for researchers who wish to compare
results from different LULC types or understand floral
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resource availability at the landscape scale. Instead, studies
that take into account the heterogeneity of LULC types within
urban landscapes are likely to provide a more accurate and
nuanced picture of the complex relationships between urban-
ization and floral resource availability. More research would
help illuminate the specific situations under which simplified
proxies of urbanization can or should be used.

Variation in Floral Resource Availability Between
LULC Types

Most studies in our review provided information about floral
abundance, diversity, trait composition, and/or seasonality in
only one or two LULC types. However, some studies included
multiple LULC types, facilitating direct comparison. Two pa-
pers that stand out in this regard are Baldock et al. [8] and
Baude et al. [23], both of which had very thorough coverage
of numerous LULC types across Great Britain. Baldock et al.
measured flower abundance and diversity within nine major
urban LULC types in four British cities, and found that com-
munity gardens provide floral resource “hotspots” in urban
areas [8]. Baude et al. compared nectar availability in all major
non-urban LULC types and determined that calcareous grass-
land, broadleaved woodland, and neutral grassland produced
the greatest amount of nectar per unit area from the most
diverse sources, whereas arable land produced the least [23].

Other studies, with fewer LULC types, provide useful in-
sights as well. For example, two different Canadian studies
suggest that flower richness may be higher on residential lands
compared to semi natural grasslands [7] or forested areas [24],
possibly due to the diversity of ornamental species planted in
gardens. Studies in rural Wisconsin (USA) [25] and Nigeria
[6] both found lower flower abundance on agricultural land
compared to forests or woodlands, aligning with patterns ob-
served by Baude et al. [23]. Some studies compared prove-
nance or conservation status of flowering plants in different
LULC types. A study in a small Pennsylvania (USA) city
observed the most native species in athletic field edges,
followed by the city center, a college campus, and lastly home
yards [20]. Undisturbed scrublands in Florida, USA, were
found to have more endangered flowering species than pas-
tures while non-native species were found only in pastures
[26].

Seasonal patterns of floral resource availability were also
found to vary between LULC types. In grasslands, floral re-
source availability tended to increase later in the flowering
season [27-29]. In contrast, forests supported more resources
earlier in the growing season [30, 31]. Like woodlands, or-
chards have more abundant flowers in spring that decline over
time [25]. In other agricultural areas, including road verges
and agro-environmental schemes, floral resources were
greatest mid to late season [32, 33]. The length of the
flowering period varies as well within different agricultural

LULC types. In one study, species in continuously grazed
pastures had a longer flowering period compared to aban-
doned and restored pastures [34]. Another study found that
hedgerows around agricultural fields had the highest pheno-
logical continuity of nectar production, while field edges had
high nectar production but only for short periods of time [35].
Less research was available on the seasonality of floral re-
sources in urban LULC types. However, one study found that
flowering plant abundance declined throughout the growing
season in urban residential areas [24], and another reported
that flower availability was greatest mid-growing season in
urban community gardens [36].

In our own comparison of floral density between LULC
types, median flower density was highest in the “urban mix”
LULC type and lowest in natural LULC types (Fig. 3a). This
pattern could be due in part to the ways in which humans
interact with floral resources in urban areas. For example,
parks, which are part of the urban mix, often include
flowerbeds with high densities of showy flowers.
Furthermore, the urban mix includes community gardens, a
LULC type with high densities of flowering plants by design
that has been shown to provide exceptional resources to pol-
linators [8]. However, it is also important to note that the
trends we observed may be partially due to sampling bias.
Because many studies in urban areas are conducted in places
with garden beds while very few are conducted on impervious
surfaces, it is likely that we have overestimated flower density
in cities. Floral density in agricultural areas may also have
been overestimated due to the fact that sampling in crop fields
is often intentionally conducted during peak bloom.

We also found that flower density varied within urban,
agricultural, residential, and natural categories. For example,
within agricultural LULC types, non-cultivated agricultural
areas had higher floral densities than grazed lands, orchards,
or crops (Fig. 3b), a result that is confirmed by several studies
that directly compare these different LULC types [25, 37, 38]
and is likely due to pollinator-friendly practices commonly
used in non-cultivated areas such as the planting of flower
strips. Among the urban mix LULC types, parks, roadsides,
and other urban land uses had similar median floral densities
ranging from 7.6 to 11.4 flowers/m?, while studies in residen-
tial areas reported both the largest range of floral density
values and the highest density value among all urban
categories.

Landscape-Scale Floral Resource Availability

Our review uncovered 14 papers that estimated floral re-
sources across landscapes. We identified two general ap-
proaches to scaling up local estimates of floral resources to
larger areas. The first approach, taken by only a single paper,
used generalized linear models to predict floral resources
based on a suite of environmental predictor variables such as
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Fig. 3 Flower density within different LULC classes. Panel a shows
flower density within the broader LULC categories that were used to
estimate landscape-level floral resource availability, with median values

topographic and soil characteristics [12]. These predictions
were then mapped into geographic space using GIS software.
The remaining papers all took a LULC-based approach to
scaling up floral resources. In this second approach, floral
resources are assumed to vary predictably with LULC class.
Floral density (e.g., [16]), richness (e.g., [17]), nectar avail-
ability [23], or pollen availability [37] were measured or esti-
mated in various LULC classes and then extrapolated across
the landscape using LULC maps and GIS. The most thorough
example of this second approach is Baude et al. [23], who
estimated nectar availability for 260 plant species and com-
bined this information with a historical, national-scale survey
of plant community composition from 32 land classes across
Great Britain (further condensed to 11 classes for landscape-
scale extrapolation). Unfortunately, due to the design of the
historical plant survey, urban areas were excluded from anal-
ysis. The LULC extrapolation approach has been formalized
in the ecosystem service mapping software InVEST [39],
which includes a pollination model adapted from Lonsdorf
et al 2009 [40]. The InVEST pollination model is often pa-
rameterized based on expert opinion of floral resource avail-
ability rather than field data and combines estimates of floral
resource availability with knowledge of pollinator nesting re-
quirements and flight distances to predict pollination services.
Although it was created for use in agricultural landscapes, it
has been applied at least once in urban settings [41].

Studies varied in the scale at which they estimated floral
resources. Some studies produced continuous, spatially ex-
plicit maps with pixel- or polygon-level estimates of local
(i.e., within pixel or polygon) floral resources, with spatial
extents ranging from 7330 km? [12] to the entirety of Great
Britain (> 200,000 km?; 25) and spatial resolutions ranging
from 30 m pixels [12] to LULC parcels of variable size [23].
Other studies used buffers of a defined radius to produce
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pixel- or point-level estimates of landscape-scale (i.e., calcu-
lated over the entire buffer) floral resources. Buffer sizes were
selected to represent foraging distances of focal organisms; in
studies focused on bees, buffers were often one [42] or two
kilometers [43] while a study focused on hoverflies tested
several smaller buffers ranging from 100 to 1000 m [37].

Landscape-scale studies tended to focus on measures of
landscape composition such as flower cover, abundance, or
diversity. Among the studies we examined, only one explicitly
measured the spatial arrangement of floral resources [12]. To
understand wildflower viewing opportunities available to the
public, Graves et al. [12] mapped hotspots of flower richness
and abundance in the southern Appalachian Mountains
(USA). They found that floral resources were spatially
autocorrelated across the landscape, and that patch density
and size varied with season. While this lack of focus on con-
figuration of floral resources is not surprising given that land-
scape configuration is generally thought to be less important
for pollinators than composition [44], a recent review on the
effects of urbanization on pollinators has called for more re-
search on configuration of the urban matrix [45].

Of the papers that examined floral resources across large
spatial extents, only two focused on urban landscapes. The
first paper, which did not empirically measure floral resources,
used the InVEST pollination model to test the effects of dif-
ferent landscape modification scenarios on pollination ser-
vices in community and residential food gardens in Chicago,
USA [41]. The researchers found that converting 5% of lawn
area to flower gardens could improve pollination services
throughout the city, but the best spatial strategy differed de-
pending on the desired outcome. In particular, if the objective
was to enhance pollination for home gardeners, then creating
flower gardens in a spatially distributed way across the city
would be most beneficial. However, to enhance pollination at
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existing urban farms and community gardens, the best strategy
would be to concentrate the increased floral resources close to
(within 250 m) the farms themselves. The second study took
place in four cities in the UK [8]. The researchers conducted
an empirical assessment of plants and pollinators in each city,
comparing floral availability between nine major urban land
uses and identifying the most important land uses for pollina-
tor communities. By spatially extrapolating the results of their
field surveys across each city, and using landscape modifica-
tion scenarios, the researchers determined that increasing the
area of allotment (i.e., community) gardens would be most
likely to increase robustness of plant-pollinator networks.
Neither of these studies compared floral resources inside cities
to those outside cities.

At the rural end of the gradient, as with most papers we
reviewed, landscape composition was the main focus. These
studies suggest that open landscapes have a greater floral re-
source availability than forested landscapes [12], and land-
scapes with more natural LULC types may provide more floral
resources than landscapes dominated by agricultural LULC
types [23, 46]. Heterogeneous landscapes, with a mixture of
LULC types, contain patches with different types and abun-
dances of floral resources and are likely to provide a greater
diversity and continuity of floral resources over the course of a
year [12, 23, 25, 47]. Additionally, edge habitats such as hedge-
rows, field edges, and roadsides provide some of the highest
densities of floral resources, suggesting that landscape config-
urations that alter edge habitat can also play an important role in
landscape-scale floral resource availability [23, 37, 46].

To gain a more complete understanding of the effects of
urbanization on floral resources, more studies should take the
approach of Baldock et al. [8] and collect empirical field data
from a wide range of urban LULC types. Furthermore, the
data collection should be extended outside the city. Similar
to Baldock et al. [8], sample sites should be geographically
stratified to capture broad-scale variation in floral resources
within individual LULC types. Below, we describe a
landscape-scale approach in which we combine information
about floral density in multiple LULC types with information
about the distribution of LULC types along several urban-
rural gradients to understand the relationship between floral
resource availability and urbanization.

Scaling Up Floral Density to the Landscape Scale

By combining our estimates of flower density in various
LULC types with information about landscape composition
along an urban-rural gradient in three different cities, we were
able to estimate how landscape-scale floral resource availabil-
ity might change as you move from a city center to outlying
rural lands. Our calculations suggest some variation between
the three cities (Fig. 4) that is due to differences in landscape
composition. While the three cities had fairly similar LULC in

the inner band (i.e., 0—10 km from the city center), with resi-
dential land as the most abundant LULC type in all cities, they
began to diverge somewhat in the suburban areas. In partic-
ular, Xiamen City had a much higher proportion of ‘urban
mix’ in the suburbs compared to the other two cities. Since
urban mix had the highest floral density in our analysis, this
produced an estimated peak in floral density in the suburbs
for Xiamen City but an estimated slow decline in floral
density when moving away from the center of the other
two cities.

Our predicted patterns of floral resource availability along
an urban-rural gradient are due to landscape composition
along the same gradient, which in turn is determined by the
socioeconomic and political processes guiding city growth.
While cities are often assumed to grow in concentric rings,
in reality, contemporary cities often grow in a more sprawling
way resulting in embedded patches of agricultural and natural
lands in suburban areas [48]. Because cities in different parts
of the world often experience different growth patterns [49],
we can also expect variation in patterns of floral resource
availability. Of course, biome type and the LULC composi-
tion at the rural end of the urbanization gradient also impacts
patterns of floral resource availability along an urban-rural
gradient. For example, floral resources in a temperate forest
are likely very different from floral resources in a tropical
forest. However, because the density estimations that we used
in these calculations are averages from multiple studies con-
ducted around the world, they do not account for differences
in floral density that are the result of local climatic conditions.
Therefore, our estimates of landscape-level floral resources
are not meant to be accurate for the specific regions we exam-
ined but instead are meant to represent very general trends
across the globe.

Other Factors Affecting Floral Resource Availability on
an Urban-Rural Gradient

While we have focused on the impacts of urbanization
and associated changes in LULC composition on flower
communities, a multitude of other factors also impact flo-
ral resource availability along an urban-rural gradient. In
addition to current landscape patterns, land use legacies
play an important role in shaping urban ecological com-
munities [48]. In Phoenix AZ, residential yards that had
previously been agricultural land contained more than
twice as much organic matter, carbon, and nitrogen than
yards converted from native desert [50], a change likely to
be associated with differences in the composition of flow-
er communities. Land use legacies also play an important
role in shaping flower communities on the rural end of the
urbanization gradient. For example, in arid grasslands of
the Pacific Northwest, flower abundance was higher in
remnant prairies than in prairie restorations [28].

@ Springer
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Fig. 4 Estimates of landscape-scale flower density across an urban-rural
gradient in Xiamen (China), Phoenix (USA), and New York City (USA).
These estimates were calculated by combining the flower density data

Additionally, socioeconomic status has important effects
on the availability of floral resources in cities. Several
studies have found evidence that the “luxury effect”

M Phoenix (U.S.)

New York City (U.S.)

shown in Fig. 3a with published information regarding the LULC
composition of each city. LULC information for Xiamen City was only
available for the first four distance bands

impacts the composition of urban flower communities,
with a greater abundance and diversity of flowers and
flowering plants present in higher income areas [8, 51].

Table A1 Search terms for

literature review

@ Springer

Urbanization Land use / land cover Floral resource availability
Urban* Land Use Crop* Flower abundance
City Land Cover Grassland* Flower availability
Cities LULC Pasture* Flower diversity
Urban-Rural Vacant lot* Rights of Way* Flower density
Rural-Urban Yard* Industrial Flower species richness
Urban-Suburban Lawn* Wasteland* Flower richness
Surburban-Urban Garden* Brownfield* Flower resources
Urban-Exurban Park* Residential* Flower bloom
Exurban-Urban Cemetery* Commercial * Floral abundance
Suburb* Forest* Develop* Floral availability
Exurb* Prairie* Green Space™ Floral diversity

Habitat* Farm* Floral density

Scrub* Old Field* Floral species richness

Woodlands* Natural Area* Floral richness

Savanna* Green Infrastructure Floral resources

Desert* Roadside* Floral bloom

Wetland* Community garden*®

School* Orchard*

Rangeland* Vineyard*

Agriculture*® Nursery*
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Management decisions enacted by city planners,
homeowners, farmers, and natural resource managers also im-
pact the abundance, diversity, and trait composition of flowers
in cities, suburbs, and rural areas. For example, homeowners
who spend more time gardening are able to increase the abun-
dance and richness of flowering plants in their yards [51], and
reducing the frequency of mowing has been shown to increase
flower abundance in suburban lawns [52]. In agricultural land-
scapes, organic farming practices increase the availability of
floral resources in both croplands [53] and cow pastures [54],
and in natural areas, salvage logging implemented after severe
wildfires has been shown to increase flower density [31].

Conclusions

Our results suggest that cities do have the potential to provide
an important source of floral resources. In some cases, flower
abundance and diversity appear to be higher in urban areas
than in surrounding rural areas, possibly due to high floral
density within certain LULC types that are common in cities
such as yards and urban parks. This is important because it
supports suggestions made recently (e.g., 8) that cities may be
able to provide important habitat for pollinators and other
flower visitors. Pollinator populations are in decline globally,
due in large part to habitat loss in rural areas [55, 56], but the

Appendix 1

Table A2 LULC categories used for classification of studies

recent research we have compiled here suggests that manag-
ing urban areas to provide resources to pollinators could play
an important role in their conservation. Of course, a high
abundance and diversity of floral resources alone does not
ensure that flower visitors’ needs will be met. For example,
many pollinator species also require dead wood or loose bare
soil for nesting sites [57].

While our results are encouraging, it is also important to
note that they are inconsistent. It appears that the relation-
ship between urbanization and floral resource availability
may vary by city, with this variation possibly due in part to
city size [22], LULC composition, and surrounding biome.
Urban landscapes tend to be highly heterogeneous, and
floral resource availability varies widely between LULC
types. Furthermore, a single LULC type—such as residen-
tial land—could vary significantly in floral resource avail-
ability between the urban and rural ends of the gradient.
Therefore, a complete understanding of the effects of ur-
banization on floral resource availability requires that land-
scape composition and heterogeneity be taken into account.
We recommend more studies that model landscape-level
floral resources by combining data about LULC composi-
tion with data about floral resource availability within var-
ious LULC types. These studies should focus specifically
on understanding flower communities and be conducted
along a full urban-rural gradient.

LULC Category

Description

Agriculture (crops)
Agriculture (orchard)
Agriculture (grazed land)
Agriculture (non-cultivated)
Timber Stand

Roadsides and Rights of Way
Forest

Grassland

Natural Other

Residential

Urban Parks

Urban Agriculture

Other Urban

Any crop field that is not an orchard

Agriculture that involves harvesting fruit from trees

Any form of agriculture that involves grazing animals (e.g. ranch, pasture, pastoral land)
Field edges, recently abandoned fields, hedgerows, fallows

Areas used for timber extraction

Roadsides, road verges, other rights of way

Primary forest, secondary forest, wild groves, rainforest, including forest edge and post-wildfire forests
Prairies, meadows, old fields

Scrubland, shrubland, marshes, savanna, swamp, desert

Home gardens, lawns

Urban parks and botanical gardens

Community gardens and other agriculture occurring in urban settings

Green roofs, paved areas, commercial areas, cemeteries, schools, unclassified urban areas

@ Springer
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Appendix 3

Description of Three Cities Used to Scale Floral Density Up to
the Landscape Scale

New York City is a city of 18 million people in the tem-
perate forest biome of the northeastern United States. It was
established in 1624. In the Medley et al. [16] study, the rural
portion of the 140 km urban-rural transect is dominated by
deciduous forests and has less than 20% agricultural land use
in most places. Phoenix is a city of 1.7 million people in the
Sonoran Desert of the southwestern United States. It was
established in 1881. In the urban-rural transect in this city,
agricultural land cover peaks at approximately 40 km from
the urban center, but desert becomes the dominant land cover
at farther distances [17]. Xiamen City is a city of 3.5 million
people located on the subtropical southeastern coast of China
and was established in 1394. In the study by Lin et al. [18], the
urban-rural transect is shorter than the other two papers and
only extends 40 km from the city center. The far suburbs (30-
40 km from the city center) are dominated by residential and
urban land covers but have approximately 20% and 16% of
forest and agricultural land cover, respectively.
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