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Figure 1. St. Louis, Missouri north corridor urban community garden.
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Abstract
Bees (Hymenoptera: Apoidea) are critical to crop production
globally. In the last decade, significant declines in managed and
native bee health have been documented, and it is now widely
considered a “crisis.” The potential causes of reduced wild bee
health (species richness and abundance) relate to land-use
decisions, practices, and management including habitat
fragmentation, lack of foraging resources, pesticides, pests, and
disease. Recent studies of native bees found diverse communities
in cities around the world. This interdisciplinary pilot study
investigates relationships between bee health and urban landuses. It joins ecological and social science field research to
examine linkages between native bee health and socio-cultural
drivers of urban land-use decision-making practices to
understand (1) what explains findings of diverse bee species in
cities and (2) how citizens can encourage the enhancement of
habitat for native bee conservation. To establish a baseline for
monitoring species’ diversity and abundance, wild bees were
sampled weekly at designated urban farms, community gardens,
and prairie pockets located in St. Louis, Missouri, USA from
2013 to 2015. To learn the social dynamics effecting
management at the biologically sampled sites, ethnographic
interviews were conducted in the summer of 2015 with 30
decision-makers. Informants described bees’ role in crop yield,
quality, and quantity; reported planting to attract them; and spoke
of the city as viable for habitat, which is relevant to urban
conservation and policy. This essay reflects on these
conversations with images captured at the research sites to
understand the rich urban social-ecological tapestry toward
informing future research and development approaches.
Keywords: sustainability science, sustainable development,
pollinator health, pollinator crisis, social-ecological systems,
urban ecology
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Introduction: Urban Bees
Bee health, a policy-friendly expression of bee species
richness and abundance, is in decline globally and recognized as
a crisis by governments, the scientific community, and the
general public [1–9]. Specifically, bees (Hymenoptera: Apoidea)
are the most effective of animal pollinators and are critical both
ecologically and economically to wild and managed crops
worldwide [1–5]. In the United States, there are more than 4,000
species of native bees that work alongside the European
honeybee in pollinating our fruits and vegetables [10]. Declines
in wild bee diversity and abundance, first noted in 2006, have
been linked to increased urbanization and land-use intensification
through habitat disturbance, fragmentation, and loss, resulting in
reduced and sporadic availability of foraging resources and
viable nesting locations [1, 3–5, 11].
For wild bees (Figure 2), research in urban contexts is a
recent phenomenon, and it is primarily being conducted in the
young field of urban ecology. These studies find that cities can
function as biological havens for community composition,
richness, and abundance [1, 2, 4, 5, 12, 14]. Researchers are
finding surprisingly diverse communities of wild bees in cities
around the world such as Berlin, Germany [14], Cardiff and
London in the UK [15–17], Melbourne, Australia [18],
Guanacaste Province, Costa Rica [19], Vancouver, Canada [20],
Chicago, IL [21], New York City, NY [22,23], Phoenix, AZ [24],
and San Francisco, CA in the USA [25]. Managed habitats on the
urban to suburban gradient such as residential yards, community
gardens, urban farms, public parks, and cemeteries provide much
needed resources for nesting and foraging [22, 26–30]. For
example, urban areas afford diverse nesting sites ranging from
bare soils, plant stems, trees, and leaf piles to cavity-nest sites
located in walls, fences, porches, and building crevices, which
species, such as bumblebees, successfully colonize [13, 16, 20–
22, 31]. In cities, forage too is often abundant and as diverse as
its people. Studies reveal that the consistent driver of bee health
is the presence and availability of flowers for foraging [4, 5, 17].
This suggests that conservation efforts aimed at increasing the
floral resources in cities can have a positive impact on improving
bee species richness and abundance [4, 5].
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Figure 2. Agopostemon virescens, a native bee in St.

Louis, Missouri.

Urban redevelopment efforts historically prioritize economic
opportunities and outcomes. However, findings from urban
ecology suggest planners reconsider the urban core as an
interconnected social-ecological system that generates a myriad
of ecosystem services offering possibilities for biodiversity
conservation [4, 5, 12, 30–33]. Fragmented and disturbed
metropolitan environments serve as patchy yet vital resources,
capable of supporting wild bee populations.
As the amount of people living in cities globally grows to
nearly 67% by 2050 [4, 5, 35], additional pressures on
landscapes, infrastructure, and services will be realized in urban
areas [35]. We argue for a reimagining of “the city.” Both
sustainability science and sustainable development play key roles
in facilitating urban transitions toward sustainability [4].
Sustainability science is a young field [4, 36–38], aspiring to
research where scientists from different disciplines collaborate
with decision-makers and key stakeholders for the co-production
of knowledge for sustainability [37–41]. Our pilot study
investigates relationships between wild bee health and urban
land-uses, as humans are the most dominant shapers of the urban
landscape [4, 5, 42]. It conceives to inform sustainability science
[36], with empirical case studies to further advance the
relationship between knowledge and transitions toward
sustainability [4, 5, 43, 44]. More broadly, our research
contributes to understanding native bee population declines, by
examining the bee health crises via integrated biophysical and
social lenses, to view differently urbanization and policy. This is
a necessary step for scientists to help society develop
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empirically-grounded policies and best practices for improving
native bee health [4].

Figure 3. St. Louis, Missouri north corridor urban prairie pocket.
In the following sections, we summarize the literature on
drivers of land-use decision- making, management, and practices;
detail the interdisciplinary research methods we utilized; and
discuss how informant insights shaped future approaches for both
biophysical and social scientific research efforts.

Socio-Cultural Drivers of Urban Land-Use: HumanNature Connections
With increasing population and urbanization, human
interactions with nature are changed. As urban living comes to
dominate the human-nature experience, Pyle (1978) and Miller
(2005) categorize the progressive decoupling and decline of the
human-nature exchange in the urban setting as the “extinction of
experience,” characterized by a fragmented, wildlife ‘empty’
landscape which negatively impacts sense of place [12, 32]. This
does not mean, however, that cities preclude positive interactions
with nature.
The post-industrial urban environment is now being
recognized for its ecological functions, including cultural
ecosystem services (educational, emotional, social) vital to
human health and well-being, and biodiversity conservation [12,
47, 51, 52]. Residential and community gardens have been
depicted as key to facilitating a positive urban human-nature
experience, providing the desired aesthetic, recreational, and
spiritual connections while influencing behavior to be more
‘wildlife-friendly’ [51–54]. Multiple studies reinforce the direct
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and substantial impacts cultural ecosystem services and the urban
natural environment have on quality of life, physical health, and
mental well-being; fostering deep connections with nature;
increasing conservation awareness; and strengthening sense of
place [22, 26, 51, 53–60].

Figure 4. St. Louis, Missouri south corridor urban community garden.

Household Income and the Urban Landscape
The socioeconomic makeup of an urban environment
influences land management and decision-making practices [61].
Landscaping investments for yards, common grounds, and public
spaces demonstrate social status and identity, correlating closely
with investments in home and neighborhood values [51, 54, 62,
63]. Financial resources can play an instrumental role influencing
biodiversity in the urban environment.
Increases in plant, insect, and animal species’ richness
and abundance have been linked to increases in personal and
disposable income; this has been called the ‘luxury effect’ [61,
64]. For higher income households, as hierarchical and dietary
needs are met, landscaping and gardening preferences shift to
incorporate aesthetically-pleasing ornamental plantings and
traditional garden varieties, which in turn affects maintenance
activities and expenditures [51,
54, 57–59, 63, 64]. This extends to community gardens as well:
as gardeners’ socioeconomic resources expand, their planting
choices change, evolving plot composition from primarily food
and medicinal staples to a mix of food, medicinal, and
ornamental vegetation [58].

Reference Group Behavior and Urban Spaces
Many Western urban lands have inherited garden aesthetics
exemplified by a structured, manicured landscape devoid of
wildness [47, 51, 62, 65]. In Western cultures, the desire to
emulate and perpetuate this socially constructed residential yard
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ideal reflects the profound influence reference group behavior
and social norms have on environmental management decisions
and practices at the individual, neighborhood, and community
scales [51, 53, 61, 62].
Reference group behavior is an informal institution [66]
of internalized beliefs, values, and shared norms which influence
and shape behavior, manifesting as an ‘ecology of prestige’ in
which those group beliefs, values, and norms are translated into
value-laden public landscaping choices [61]. The physical
indicators of active neighborhood norms, ‘cues to care,’ are
signaled by neat, orderly fenced properties with mown turf grass,
trimmed bushes, and well-maintained flower beds [67].
How the ecology of prestige influences perceptions of front
lawns versus backyards varies, suggesting that public-facing
front landscaping follows the local or neighborhood norms as a
symbolic expression of respect, pride in membership, and as a
preemptive measure against social exclusion (Figure 5), whereas
backyard spaces are private areas to express meaningful personal
choices which may diverge from normative ideals (Fig. 6) [51,
54, 62, 63]. Backyard landscaping was subjected to much less
scrutiny for adherence to the shared lawn paradigm, lending itself
to the articulation of an individual’s vision for private outdoor
spaces [51, 65].

Figures 5 and 6. St. Louis, Missouri residential landscapes
surrounding the pilot study sites.
Aesthetic concerns are dominant in molding property
owner activities [63] as one study found 80% of surveyed
respondents reported it was their ‘duty’ to uphold neighborhood
landscape norms [54]. Suburban residential front yards located
near one another are strongly influenced by neighborhood norms
first, resulting in a ‘mimicry’ effect (Fig. 5), and by broader
normative conventions second [62, 63, 68]. Additionally, the
motivations fueled by the ecology of prestige are evident in the
widespread, intensive use of fertilizers, pesticides, and herbicides
as levers to manage collective landscape standards [69, 70].
People expect green, scenic, accessible surroundings restricted to
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the parameters of a human-dominated environment, resulting in a
constrained vision of aesthetics consistently prioritized above
ecological and conservation considerations [47, 54, 60, 62, 65,
71].

The Role of Informal and Formal Institutions
The shapes of the urban land uses are codified and actualized
through both formal and information institutions. Crawford and
Ostrom (1995) define an institution as the system for structuring
and reinforcing human action either informally or formally via
rules, norms, and shared strategies.
Informal institutions are exemplified by ‘bottom up’
individual, neighborhood, and community customs and social
norms, which drive decision-making activities and actions [51,
53,59]. In residential landscapes, informal collective approaches
have been used successfully for conservation and demonstrate the
valuable role such grassroots efforts can play in reducing habitat
patch isolation and improving biodiversity in the urban matrix
[72]. Leveraging such institutions presents opportunities for
engagement, knowledge generation, and wildlife conservation in
urban residential contexts [26, 27, 53, 58].
Formal institutions range from national to local agencies and
organizations with the accompanying governance, policies,
codes, and restrictions. All establish and enforce standards on a
wide range of land-use and management criteria, such as
vegetation composition and maximum permissible plant heights
for residential landscapes, common grounds, and public spaces
[51]. Known as ‘top down’ mechanisms, these can improve
biodiversity in metropolitan environments through ‘commandand-control’ restrictions [53, 59, 73].
In summary, the literature identifies how each of these sociocultural drivers may impact land- use and decision-making
practices from fine to broad scales in the urban environment. As
the world’s urban centers continue to grow, exploring and
understanding how well these theories predict outcomes in the
coupled human-nature environment is not only relevant but also
critical for informing sustainable development, urban policy, and
conservation initiatives.

Interdisciplinary Research
Approaches Utilizing Social-Ecological Sampling
This pilot research study examines the linkages between wild
bee health and the socio- cultural dimensions of urban land-use
decision-making practices in post-industrial cities [4]. The
methodology is designed to inform transformational
sustainability science [4, 37], which has called for more
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empirical case studies to further advance the relationship between
knowledge and transitions toward sustainability [4, 41, 44].

Figures 7 and 8. Saint Louis University interdisciplinary researchers in the lab and field in
2015.
Because the city is a social-ecological system, we
developed an interdisciplinary design for connecting social and
biophysical data in a pilot project of St. Louis, Missouri [4]. To
establish a baseline for long-term monitoring of species’ diversity
and abundance, we began wild bee sampling at 15 sites weekly at
a rate of one-person sampling per hour per 0.25 hectare. Sample
sites include urban farms, community gardens, and urban prairie
pockets located within city boundaries with the exception of a
farm in Ferguson, Missouri. Research sites span the range of
socioeconomic and cultural perspective across the city (Figs. 9
and 10). All bees were collected via aerial netting, preserved, and
identified to species. Voucher specimens were deposited in the
Enns Entomological Museum, University of Missouri, Columbia.
The results of the bee sampling are being analyzed (Camilo et al.
forthcoming). To initiate linking biophysical findings to land-use
practices, we conducted 30 ethnographic semi-structured
interviews with the land managers of each site. To provide a
broader perspective on bee health in the region and to connect to
other local actors, we interviewed local experts on insect
pollinator health research and outreach programming.
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St. Louis City Corridor Geo-Demographic
Characterizations

Figure 9. ArcGIS map of St. Louis, Missouri with the 15
sampling sites located within north, central, and south corridors.
Source: N. Schaeg, 2016.
St. Louis, Missouri is the eighteenth largest metropolitan
statistical area in the United States. It is representative of a postindustrial city whose urban core has experienced net population
loss from its peak of 856,796 in 1950 to 319,365 in
2010 [74], with property and land vacancies standing at 19.4%
[75]. St. Louis is representative of 92 US shrinking cities. Due to
land availability, shrinking cities are likely to serve pilot roles for
urban native bee conservation practices within the Pollinator
Action Plan [76]. This research seeks to inform urban planning
by exploring how land-use decision-makers and stakeholders can
be engaged for a national strategy for increasing and improving
bee health in urban areas. As all urban ecosystems are embedded
within cultural landscapes [42], historical socioeconomic norms
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and the politics of power account for today’s distribution of
people and the landscapes they shape.
The 15 sites are located within three designated geographic
corridors of the city: north, central, and south (see Figures 9 and
10). The three zones are administrative artifacts of the city, which
delineate the significant land-use and population differences
characterizing each area (Fig. 10). According to the 2010 US
Census Bureau data, St. Louis has a total estimated population of
319,365, of which 43.9% are Caucasian and 49.2% are AfricanAmerican. In terms of education, 82.9% of the residents have
obtained a high school diploma or the equivalent, while only
29.6% have achieved a bachelor’s degree or higher [75]. The
median household income is $34,582, with a corresponding
homeownership rate of 44.6% [75]. Single-parent families make
up 24.3% of the St. Louis city households [75]. The poverty rate
is estimated at 27.4% [75]. Overall property and land vacancies
stand at 19.4% [75]. These socioeconomic attributes are clustered
throughout the corridors as the following characterizations will
describe.

Figure 10. Esri Tapestry™ maps of St. Louis, Missouri
north, central, and south corridors.
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To better see the demographic differences across the
corridors, we used Esri’s Tapestry™ geodemographic market
segmentation tool to characterize neighborhoods at the U.S.
Census Block Group level. Geodemographic tools have been
applied in a variety of fields, including community policing [77,
78], health screening [79, 80], education [81, 82], regional
planning [83], and urban ecology [61], and use census and
consumer market data to characterize spatially- explicit groups
based on socioeconomic structures, consumption practices, and
lifestyle factors [84]. Esri’s Tapestry™ system relies on Census
2010, American Community Survey, Experian’s ConsumerView
database, and other consumer surveys to generate over 60
variables used to classify US neighborhoods into 67 market
segments and 14 LifeMode summary groups [85]. LifeMode
groups are based on traits such as median age, average education
level, median annual household income, residential
neighborhood/property age, homeownership rates, and levels of
employment (Fig. 2). Characterizing residents into classification
schemes infer that similar people live in similar places and
behave similarly [86], this can be used as a general approach for
designing communications about native bee conservation with
residential audiences [84].

Methods: Naturalistic Inquiry
We conducted a total of 30 semi-structured interviews [cf. 45]
with land-use decision-makers representing our 15 biophysical
bee sampling sites to understand (1) local planting choices of
land-use decision-makers; (2) how decision-makers communicate
about bees; (3) how decision- makers value urban wild bees; (4)
what informants identify as best practices for increasing wild bee
habitat; and (5) what decision-makers perceive as facilitators and
barriers for implementing habitat protection measures on their
properties and regionally.
Informants were recruited based on expertise and association
with the sites as decision- makers. During the interview each
respondent was asked to characterize the site, detail its plantings
and composition, describe the decision-making processes and
timing, articulate potential formal and informal institutions
impacting planting land-use decisions, provide their observations
and interactions with urban pollinators, as well as respond to
probes for understanding the scope and quality of the
provisioning ecosystem services bees provide. Informants were
also asked to comment on the global pollinator health crisis, what
potential solutions they envision at local and regional scales both
individually and by others via government programs, ordinances,
or land-use measures, and then to articulate possible barriers to
the identified solutions. Finally, at the conclusion of the
interview, respondents were asked to reflect on the interview
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session and convey what was most important to them. Many of
the interviews were conducted at or adjacent to a garden site and
often the informant provided a post-interview guided tour during
which photographs were taken.
All interviews were digitally audio recorded, transcribed by
trained student transcriptionists following a standardized protocol
[87–89], and stored in a password-protected QSR NVivo 10.0
qualitative analytic database software for analysis. Additional
informants were identified using snowball sampling with an
effort to ensure the diversity of voices across the bee sampling
sites [90]. Participants were grouped into four categories: urban
farms, community gardens, prairie pockets, and experts. After
completion of the interviews, we conducted content analysis of
data within the 14 recurring themes inductively developed [87,
91], which enabled a schema for identifying key points of
correlation between reported land-use management practices and
sampling observation data.

Figure 11. St. Louis, Missouri north corridor urban farm.

Results and Discussion
Recasting the Urban Environment
We analyzed interview transcripts to understand how the
urban environment can be enhanced for bee conservation from
the informants’ perspectives. 77% of the participants articulated
visions of a reimagined urban environment viable for wildlife
habitat and biodiversity conservation. The participants described
the urban environment as viable for bees and their habitat while
rejecting the dominant narratives of diminished post-industrial
lands and absent wildlife as a foregone conclusion. The
conversational evidence indicated the socio-cultural drivers of
the urban human-nature experience, reference group behavior,
and informal and formal institutions as factors that influence
urban land-use and decision-making practices.
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The informants expressed both the tensions and conundrums
experienced due to the interplay of these socio-cultural drivers as
they seek to reconstruct urban notions of nature from wildlife
‘empty’ spaces to ecologically rich social systems.
[What’s important is] individuals creating as healthy of an
ecosystem as they possibly can. Even if that means just a small,
little, 10’ x 10’ lot in somebody’s front yard or not even a front
yard just some lot down the street that nobody’s doing anything
with. We live in a big city and a lot of times people think that it’s
divided from the natural ecosystem--that it’s separate from the
natural ecosystem and it’s not. We’re animals just like anything
else; the city that we live in is an ecosystem. So individuals
taking responsibility for that and trying to make it as healthy as
possible for themselves and everything else that lives in it [is
important]—‘cause it’s not just us (urban farmer).
The participants’ ability to translate concepts of the
reimagined urban landscape into tangible action, such as planting
native flowers and plants, mowing lawns less frequently, and
allowing “wildness” into their yards, community gardens, and
public green spaces to support bees, provides not only concrete
representation of those concepts but an opportunity to mediate
the socio-cultural drivers in the public sphere. As the following
quotes reveal, informants described how these efforts influenced
common demonstrations of reference group behavior.
You know, planting native plants, the focus is, ‘yes we’ve
always wanted to make our community look more beautiful,’ but
planting native plants helps us do that, it also helps provide
benefits for beneficial wildlife, to birds and bees, pollinators
(expert).
We had some areas in our park, like, this very swampy area
[where] all that was growing there was weeds. And so, it seemed
like a nice place to put [the urban native prairie pocket] which
was somewhat experimental for us because, as you’ll see, our
park is very formal and very formally landscaped. A native plant
garden is a little bit more wild, so it seemed like a good place to
put something like that. People have been very receptive [of the
native prairie pocket] … One thing is, because it’s a formal park
with our native plant garden, the city actually has this granitelimestone used for curb—I think it’s the same stuff that they used
to pave the street with—and that’s what we use for the border of
the garden. So that makes it kind of a wild, but kind of a formal,
and then we’re going to put up a sign that identifies all the plants
(urban prairie pocket gardener).
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Figure 12. St. Louis, Missouri south corridor prairie pocket.
Participants reported that the processes to develop and
establish native habitat in a variety of forms and settings
encouraged them to engage and advocate informally with
neighbors and fellow gardeners, as well as more formally with
homeowners’ associations and various local and state agencies.
Our conversations revealed the tensions between the participants’
initiatives to translate their visions into meaningful action; the
prevalence of established reference group behavior symbolically
represented in manicured residential landscapes and public green
spaces; as well as the widespread informal and formal
institutions, such as neighborhood planting norms and municipal
ordinances, undergirding and reinforcing prevailing aesthetics.
The resulting passages articulate the everyday challenges
informants encountered.
We could definitely have less stringent municipal codes
about nuisance vegetation, which is considered to be anything
taller than like seven inches that’s not a bush or a tree or
something. That’s, I think, the code in a lot of places – I mean it
would be wonderful if we had front yard prairies instead of just
front yard turf grass (urban farmer).
When we first were in the garden, weeds were like the
complete enemy. But I think now maybe sometimes the weeds
aren’t always such a bad thing, like the vines that grow on the
side of the wall. Whereas most people in buildings that are
functioning don’t want vines growing on their walls, that is a
natural thing that draws different pollinators perhaps and so the
wildness, letting kind of the wild things grow a little bit in an
area or a garden, while it may look a little wild, it may be
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important for this ecosystem of bugs to really function properly
(urban community gardener).

Figures 13 and 14. Examples of urban ‘wildness’ in the north corridor.
When I look at a mowed park pond, it’s like this might be
peaceful-looking but I don’t necessarily think, oh it’s beautiful. If
I see a healthy, functioning wetland with a bunch of pickerelweed
and arrowhead and I can hear frogs, I think, wow that is
beautiful you know; and it’s because of what I know about that
system and the value it has to me. And so I’d like to think that is
where [it] is important for people to understand what the value is
to them but also in a larger sense outside of themselves--and then
that kind of directs their sense of aesthetics (expert).
Building on the socio-cultural driver of the urban humannature experience, which is the aesthetic, recreational, and
spiritual connections people have with the environment,
participants described personal satisfaction and positive feedback
received from noticeable increases in bees’ presence as
reinforcing connections with nature, sense of place, and
additional motivation for their efforts.
What I’ve noticed is that I have a lot of bees in the
garden. It takes me awhile to get back there to weed, pull out the
non-native stuff that I don’t want. But last summer when I was
doing that, I could just hear all of these bees buzzing around me
[laughter] (urban community gardener).

122

Consilience

Figure 15. St. Louis, Missouri central corridor urban community garden.
There’s something that’s very subjective about the impact
that it has on the human condition for somebody that’s living in
an urban environment to be able to go access a space that’s in
the middle of a residential area and feel like you’re in nature. So
I guess that could be a missing piece. It’s basically like, what
does the presence of pollinators give back to someone’s spirit
and sense of well-being, and how important is that when you
decide what to plant and how (expert).

Conclusion
This interdisciplinary pilot research study investigates the
connections between wild bee health and the socio-cultural
dimensions of urban land-use and decision-making practices in
the post-industrial city. The biophysical sampling data (Camilo et
al., forthcoming) will serve to benchmark urban bee diversity and
abundance in St. Louis, Missouri that we will use to guide our
ongoing research efforts. The ethnographic data reveals
participants’ unique knowledge of and aspirations for the urban
environment, especially when considering its viability for wild
bee habitat. The socio-cultural drivers of the urban human-nature
experience, reference group behavior, and informal and formal
institutions shape participants’ urban land-use and decisionmaking practices, often functioning in aggregate to exert
influence. Examining these conversations develops our
understanding of the informants’ collective conceptualizations of
nature in the urban setting.
Recasting the urban landscape as a refuge for bee habitat
and biodiversity conservation is captured by participants’
perceptions of future possibilities for nature integrated into the
urban environment despite any impaired surroundings,
challenges, or uncertainties of governance. By extension, it
demonstrates the value of conducting research in the socialecological systems framework. It offers a route to inform urban
sustainable development efforts via engaging land- use decisionmakers and key stakeholders around local and national policy
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(e.g., Pollinator Action Plan’s National Strategy) for increasing
and improving bee health in urban areas. A more socially robust
understanding of the city from the bee’s perspective can inform
policy-specific research approaches involving urban privateproperty owners in facilitating insect pollinator habitat
enhancement, using sustainability science approaches to cocreate knowledge and outcomes deemed salient, legitimate, and
credible [37–40] that work for each unique setting.

Figures 16 and 17. Examples of native planting spaces to support
pollinator health in St. Louis urban community gardens.

Figure 18. St. Louis, Missouri north corridor urban community garden.

124

Consilience

Acknowledgements
The authors wish to acknowledge our study participants and the work of Angela
Myers, Rebecca Tonietto, and the Billiken Bee Lab: Chris Banotai, Rena Black, Rachel
Brandt, Arjun Chandra, Collin Edwards, Ken Fujita, Matthew Greg, James Harris, Ji-Hye
Kim, Durga Kullkanda, Tierra Lillard, Haley Leatherbarrow, Lauren Merchant, Gabrielle
Pouncil, Amanda Sebesta, Daniel Starvos, Rebecca Tipton, Rebecca Tonietto, Alex Vavra,
David Wilton, and Paul Winiecki. This research was supported by Missouri Department of
Conservation, Saint Louis University's Presidents' Research Fund Award #8867, the
Beaumont Development Award, Saint Louis University Diversity Fellowship, and the
Center for Sustainability.

Consilience

Burr, et al.: Reimagining Urban Spaces for Native Bee Health

References
1. Cariveau, D. P., & Winfree, R. (2015). Causes of variation in wild bee responses to
anthropogenic drivers. Current Opinion in Insect Science, 10, 104–109.
doi:http://dx.doi.org/10.1016/j.cois.2015.05.004
2. Lowenstein, D. M., Matteson, K. C., Xiao, I., Silva, A. M., & Minor, E. S. (2014).
Humans, bees, and pollination services in the city: the case of Chicago, IL (USA).
Biodiversity and Conservation, 23(11), 2857–2874. doi:10.1007/s10531-014-0752-0
3. Matteson, K. C., Grace, J. B., & Minor, E. S. (2013). Direct and indirect effects of land
use on floral resources and flower-visiting insects across an urban landscape. Oikos,
122(5), 682–694. doi:10.1111/j.1600-0706.2012.20229.x
4. Hall, D. M ., Burr, A., & Schaeg, N. (2016). Sustainability science for urban pollinator
research and conservation. Ecojesuit: Ecology and Jesuits in Communication, Jan. 15.
http://www.ecojesuit.com/sustainability-science-for-urban-pollinator-research-andconservation/9135/
5. Hall, D. M., Camilo, G. R., Tonietto, R. K., Ahrné, K., Arduser, M., & Baldock, K. C. R.,
. . ., Threlfall, C. G. (2016). The city as a refuge for insect pollinators: conservation for
the city. (In publication).
6. Pleasants, J. M. & Oberhauser, K. S. (2013). Milkweed loss in agricultural fields because
of herbicide use: effect on monarch butterfly population. Insect Conservation and
Diversity, 6(2), 135–144.
7. van der Sluijs, J. P., Simon-Delso, N., Goulson, D., Maxim, L., Bonmatin, J. M., &
Belzunces, L. P. (2013). Neonicotinoids, bee disorders and the sustainability of pollinator
services. Current opinion in environmental sustainability, 5(3), 293–305.
8. Whitehorn, P. R., O’Connor, S., Wackers, F. L. & Goulson, D. (2012). Neonicotinoid
pesticide reduces bumble bee colony growth and queen production. Science, 336(6079),
351–352.
9. White House, Office of the Press Secretary. (2014). Presidential memorandum-Creating a
Federal Strategy to promote the health of honey bees and other pollinators [Press release].
June 20. Available at: https://www.whitehouse.gov/the-pressoffice/2014/06/20/presidential-memorandum-creating-federal-strategy-promote-healthhoney-b
10. Wilson, J. S. & Carril, O. M. (2016). The Bees in Your Backyard. New Jersey, NY:
Princeton University Press.
11. Rader, R., Bartomeus, I., Tylianakis, J. M., & Laliberte, 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.
doi:10.1111/ddi.12221

126

Consilience

12. Green, O., Garmestani, A., Albro, S., Ban, N., Berland, A., Burkman, C., . . ., & Shuster,
W. (2015). Adaptive governance to promote ecosystem services in urban green spaces.
Urban Ecosystems, 1–17. doi:10.1007/s11252-015-0476-2
13. Hernandez, J. L., Frankie, G. W., & Thorp, R. W. (2009). Ecology of urban bees: a
review of current knowledge and directions for future study. Cities and the Environment,
2(1), 3.
14. Saure, C., Burger, F., & Dathe, H. H. (1998). Die bienenarten von Brandenburg und
Berlin (Hym. Apidae). Entomologische Nachrichten und Berichte, 42(3), 155–166.
15. Goulson, D., Lye, G. G., & Darvill, B. (2008). Decline and conservation of bumble bees.
Annual Review of Entomology, 53, 191–208.
16. Baldock, K. C. R., Goddard, M. A., Hicks, D. M., Kunin, W. E., Mitschunas, N.,
Osgathorpe, L. M., . . ., & Memmott, J. (2015). Where is the UK's pollinator
biodiversity? The importance of urban areas for flower-visiting insects. Proceedings of
the Royal Society B-Biological Sciences, 282(1803). doi:10.1098/rspb.2014.2849
17. Sirohi, M., Jackson, J. I., Edwards, M., & Ollerton, J. (2015). Diversity and abundance of
solitary and primitively eusocial bee in an urban centre: a case study from Northampton,
UK. Journal of Insect Conservation. DOI: 10.1007/s10841-015-9769-2.
18. Threlfall, C.G., Walker, K., Williams, N. S. G., Hahs, A. K ., Mata, I., Stork, N., &
Livesley, S. J. (2015). The conservation value of urban green space habitats for
Australian native bee communities. Biological Conservation, 187, 240–248.
19. Frankie, G. W., Vinson, S. B., Rizzardi, M. A., Griswold, T. L., Coville, R. E., Grayum,
M. H.,. . . , & Pawelek, J. C. (2013). Relationships of bees to host ornamental and weedy
flowers in urban 226 northwestern Guanacaste Province, Costa Rica. Journal of Kansas
Entomological Society, 84(4), 325–351.
20. Tommasi, D., Miro, A., Higo, H. A., & Winston, M. L. (2004). Bee diversity and
abundance in an urban setting. Canadian Entomologist, 136(6), 851–869. Retrieved from
<Go to ISI>://WOS:000226038800009
21. Tonietto, R., Fant, J., Ascher, J., Ellis, K., & Larkin, D. (2011). A comparison of bee
communities of Chicago green roofs, parks and prairies. Landscape and Urban Planning,
103(1), 102–108.
22. Matteson, K. C., Ascher, J. S., & Langellotto, G. A. (2008). Bee richness and abundance
in New York city urban gardens. Annals of the Entomological Society of America, 101(1),
140–150. doi:10.1603/0013-8746(2008)101[140:braain]2.0.co;2
23. Matteson, K. C., & Langellotto, G. A. (2009). Bumble bee abundance in New York City
community gardens: 301 implications for urban agriculture. Cities and the Environment,
2(1), 5. Available from: http://digitalcommons.lmu.edu/cate/vol2/iss1/5/
24. Cane, J. H., Minckley, R. L., Kervin, L. J., Roulston, T. A. H., & Williams, N. M. (2006).
Complex responses within a desert bee guild (Hymenoptera: Apiformes) to urban habitat
fragmentation. Ecological Applications, 16(2), 632–644.
25. McFrederick,, Q. S., & LeBuhn, G. (2006). Are urban parks refuges for bumble bees

Consilience

Burr, et al.: Reimagining Urban Spaces for Native Bee Health

Bombus spp. (Hymenoptera: 307 Apidae)?. Biological Conservation, 129(3), 372–382.
26. Andersson, E., Barthel, S., & Ahrne, K. (2007). Measuring social-ecological dynamics
behind the generation of ecosystem services. Ecological Applications, 17(5), 1267–1278.
doi:10.1890/06-1116.1
27. Barthel, S., Folke, C., & Colding, J. (2010). Social-ecological memory in urban gardensRetaining the capacity for management of ecosystem services. Global Environmental
Change-Human and Policy Dimensions, 20(2), 255–265.
doi:10.1016/j.gloenvcha.2010.01.001
28. Fetridge, E. D., Ascher, J. S., & Langellotto, G. A. (2008). The Bee Fauna of Residential
Gardens in a Suburb of New York City (Hymenoptera: Apoidea). Annals of the
Entomological Society of America, 101(6), 1067–1077. doi:10.1603/0013-8746101.6.1067
29. Norfolk, O., Eichhorn, M. P., & Gilbert, F. (2014). Culturally valuable minority crops
provide a succession of floral resources for flower visitors in traditional orchard gardens.
Biodiversity and Conservation, 23(13), 3199–3217. doi:10.1007/s10531-014-0775-6
30. Norfolk, O., Eichhorn, M. P., & Gilbert, F. S. (2015). Contrasting patterns of turnover
between plants, pollinators and their interactions. Diversity and Distributions, 21(4),
405–415. doi:10.1111/ddi.12295
31. Gunnarsson, B., & Federsel, L. M. (2014). Bumblebees in the city: abundance, species
richness and diversity in two urban habitats. Journal of Insect Conservation, 18(6), 1185–
1191. doi:10.1007/s10841-014-9729-2
32. Miller, J. R. (2008). Conserving Biodiversity in Metropolitan Landscapes: A Matter of
Scale (But Which Scale?). Landscape Journal, 27(1), 114–126. doi:10.3368/lj.27.1.114
33. Larson, K. L., Nelson, K. C., Samples, S. R., Hall, S. J., Bettez, N., Cavender-Bares, J., . .
., & Trammell, T. L. E. (2015). Ecosystem services in managing residential landscapes:
priorities, value dimensions, and cross-regional patterns. Urban Ecosystems, 1–19.
doi:10.1007/s11252-015-0477-1
34. Goulson, D., Nicholls, E., Botías, C., & Rotheray, E. L. (2015). Bee declines driven by
combined stress from parasites, pesticides, and lack of flowers. Science, 347(6229),
1255957.
35. United Nations. (2014). Our Urbanizing World. Populations Facts: UN Department of
Economic and Social Affairs 3(August), 1–5.
http://www.un.org/en/development/desa/population/publications/pdf/popfacts/
PopFacts_2014-3.pdf (accessed November 2015)
36. Pickett, S. T. A., Cadenasso, M. L., Grove, J. M., Boone, C. G., Groffman, P. M., Irwin,
E., . . ., & Warren, P. (2011). Urban ecological systems: scientific foundations and a
decade of progress. Journal of Environmental Management, 92(3), 331–362.
37. Gibson-Graham, J. K. (2011). A feminist project of belonging for the Anthropocene.
Gender, Place & Culture, 18(1), 1–21. doi:10.1080/0966369X.2011.535295

128

Consilience

38. Hall, D. M., & Lazarus, E. D. (2015). Deep waters: Lessons from community meetings
about offshore wind resource development in the US. Marine Policy, 57, 9–17.
39. van Kerkhoff, L., & Lebel, L. (2006). Linking knowledge and action for sustainable
development. Annual Review of Environment and Resources, 31, 445–477.
40. Cash, D. W., Clark, W. C., Alcock, F., Dickson, N. M., Eckley, N., Gurston, D. H., . . .,
& Mitchell, R. B. (2003) Knowledge systems for sustainable development. Proceedings
of the National Academy of Sciences, USA, 100(14), 8086–8091
41. Gibbons, M., Limoges, C., Nowtony, H., Schwartzman, S., Scott, P., & Trow, M. (1994).
The New Production of Knowledge: The Dynamics of Science and Research in
Contemporary Societies. London: Sage.
42. Grove, J. M., Cadenasso, M., Pickett, S. T., Machlis, G. E., & Burch, W. R. (2015). The
Baltimore School of Urban Ecology: Space, Scale, and Time for the Study of Cities
(Kindle Location 1588). Yale University Press. Kindle Edition.
43. Grimm, N. B., Grove, J. M., Pickett, S. T. A., & Redman, C.L. (2000). Integrated
approaches to long-term studies of 262 urban ecological systems. BioScience, 50(7), 571–
584.
44. Steelman T., Nichols, E. G., James, A., Bradford, L., Ebersöhn, L., Scherman, V., . . ., &
McHalle, M. R. (2015). Practicing the science of sustainability: the challenges of
transdisciplinarity in a developing world context. Sustainability Science, 10(4), 581–99.
45. van Kerkhoff, L. (2014). Developing integrative research for sustainability science
through a complexity principles-based approach. Sustainability Science, 9(2), 143–155.
46. Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic Inquiry. Sage.
47. Hall, D. M., Gilbertz, S., Horton, C., & Peterson, T. R. (2013). Integrating divergent
representations of place into decision contexts. In W. P. Stewart, D. R. Williams, & L. E.
Kruger (Eds.), Place-based conservation: Perspectives from the social sciences (pp. 121–
136). New York, NY: Springer
48. Hunter, M. R., & Hunter, M. D. (2008). Designing for conservation of insects in the built
environment. Insect Conservation and Diversity, 1(4), 189–196. doi:10.1111/j.17524598.2008.00024.x
49. Kahn, P. H., Jr. & Friedman, B. (1995) Environmental views and values of children in an
inner-city black community. Childhood Development, 66, 1403–1417.
50. Kahn, P.H., Jr. (2002) Children’s affiliations with nature: structure, development, and the
problem of environmental generational amnesia. In Children and Nature: Psychological,
Sociocultural, and Evolutionary Investigations (Kahn, P.H., Jr. and Kellert, S.R., eds), pp.
93–116, MIT Press.
51. Miller, J.R. (2005). Biodiversity conservation and the extinction of experience. Trends in
Ecology & Evolution, 20(8), 430–434. doi:10.1016/j.tree.2005.05.013

Consilience

Burr, et al.: Reimagining Urban Spaces for Native Bee Health

52. Cook, E. M., Hall, S. J., & Larson, K. L. (2012). Residential landscapes as socialecological systems: a synthesis of multi-scalar interactions between people and their
home environment. Urban Ecosystems, 15(1), 19–52. doi:10.1007/s11252-011-0197-0
53. Millennium Ecosystem Assessment. 2005. Ecosystems & Human Well- Being: Synthesis
Report. Washington, DC: Island Press
54. Goddard, M. A., Dougill, A. J., & Benton, T. G. (2010). Scaling up from gardens:
biodiversity conservation in urban environments. Trends in Ecology & Evolution, 25(2),
90–98. doi:10.1016/j.tree.2009.07.016
55. Goddard, M.A., Dougill, A.J., & Benton, T.G. (2013). Why garden for wildlife? Social
and ecological drivers, motivations and barriers for biodiversity management in
residential landscapes. Ecological Economics, 86, 258–273.
doi:10.1016/j.ecolecon.2012.07.016
56. Gaston, K. J., Fuller, R. A., Loram, A., MacDonald, C., Power, S., & Dempsey, N.
(2007). Urban domestic gardens (XI): variation in urban wildlife gardening in the United
Kingdom. Biodiversity and Conservation, 16(11), 3227–3238. doi:10.1007/s10531-0079174-6
57. Cocks, M. (2006). Biocultural diversity: Moving beyond the realm of 'Indigenous' and
'local' people. Human Ecology, 34(2), 185–200. doi:10.1007/s10745-006-9013-5
58. Plumwood, V. (2002). Feminism and the mastery of nature. New York: Routledge.
59. Clarke, L. W., & Jenerette, G. D. (2015). Biodiversity and direct ecosystem service
regulation in the community gardens of Los Angeles, CA. Landscape Ecology, 30(4),
637–653. doi:10.1007/s10980-014-0143-7
60. Kinzig, A. P., Warren, P., Martin, C., Hope, D., & Katti, M. (2005). The effects of human
socioeconomic status and cultural characteristics on urban patterns of biodiversity.
Ecology and Society, 10, 23–36.
61. Larson, K. L., Casagrande, D., Harlan, S. L., & Yabiku, S. T. (2009). Residents’ yard
choices and rationales in a desert city: social priorities, ecological impacts, and decision
tradeoffs. Environmental Management, 44(5), 921–937.
62. Grove, J. M., Locke, D., & O’Neil-Dunne, J. M. (2014). An Ecology of Prestige in New
York City: Examining the Relationships Among Population Density, Socio-economic
Status, Group Identity, and Residential Canopy Cover. Environmental Management,
54(3), 402–419. doi:10.1007/s00267-014-0310-2
63. Nassauer, J. I., Wang, Z. F., & Dayrell, E. (2009). What will the neighbors think?
Cultural norms and ecological design. Landscape and Urban Planning, 92(3–4), 282–
292. doi:10.1016/j.landurbplan.2009.05.010
64. Larsen, L., & Harlan, S. L. (2006). Desert dreamscapes: Residential landscape preference
and behavior. Landscape and Urban Planning, 78(1–2), 85–100.
doi:10.1016/j.landurbplan.2005.06.002

130

Consilience

65. Hope, D., Gries, C., Zhu, W. X., Fagan, W. F., Redman, C. L., Grimm ,N. B., . . ., &
Kinzig, A. (2003) Socioeconomics drive urban plant diversity. Proceeding of the
National Academy of Science, USA. 100, 8788–8792.
66. Robbins, P. (2007). Lawn people: how grasses, weeds, and chemicals make us who we
are. Temple University Press, Philadelphia.
67. Crawford, S. E. S., & Ostrom, E. (1995). A GRAMMAR OF INSTITUTIONS. American
Political Science Review, 89(3), 582–600. doi:10.2307/2082975
68. Nassauer, J. I., & Raskin, J. (2014). Urban vacancy and land use legacies: A frontier for
urban ecological research, design, and planning. Landscape and Urban Planning, 125,
245–253. doi:10.1016/j.landurbplan.2013.10.008
69. Zmyslony, J. & Gagnon, D. (1998) Residential management of urban front-yard
landscape: A random process? Landscape and Urban Planning, 40, 295–307.
70. Kiely, T., Donaldson, D., & Grube, A. (2004). Pesticides industry sales and usage.
Washington, DC: Office of Prevention, Pesticides and Toxic Substances, United States
Environment Protection Agency, 16.
71. Osmond, D. L., & Hardy, D. H. (2004). Characterization of turf practices in five North
Carolina communities. Journal of Environmental Quality, 33(2), 565–575.
72. van Heezik, Y. M., Dickinson, K. J. M., & Freeman, C. (2012). Closing the Gap:
Communicating to Change Gardening Practices in Support of Native Biodiversity in
Urban Private Gardens. Ecology and Society, 17(1). doi:10.5751/es-04712-170134
73. Belaire, J. A., Whelan, C. J., & Minor, E. S. (2014). Having our yards and sharing them
too: the collective effects of yards on native bird species in an urban landscape.
Ecological Applications, 24(8), 2132–2143. doi:10.1890/13-2259.1
74. Shwartz, A., Muratet, A., Simon, L., & Julliard, R. (2013). Local and management
variables outweigh landscape 373 effects in enhancing the diversity of different taxa in a
big metropolis. Biological Conservation, 374(157), 285–292.
75. U.S. Decennial Census; Table Y. (2010). Available at:
http://www.census.gov/prod/cen2010/doc/dpsf.pdf
76. U.S. Census Bureau. (2010). Available at:
http://www.census.gov/prod/cen2010/doc/dpsf.pdf
77. Pollinator Task Force Strategy. (2015). Available at:
https://www.whitehouse.gov/sites/default/files/microsites/ostp/Pollinator%20Health%20
Strategy%202015.pdf
78. Ashby, D. I., & Longley, P. A. (2005). Geocomputation, geodemographics and resource
allocation for local policing. Transactions in GIS, 9(1), 53–72.
79. Williamson, T., Ashby, D. I., & Webber, R. (2005). Young offenders, schools and the
neighbourhood: a new approach to data analysis for community policing. Journal of
community & applied social psychology, 15(3), 203–228.
80. Farr, M., & Evans, A. (2005). Identifying ‘unknown diabetics’ using geodemographics

Consilience

Burr, et al.: Reimagining Urban Spaces for Native Bee Health

and social marketing. Interactive Marketing, 7(1), 47–58.
81. Shelton, N. J., Birkin, M. H., & Dorling, D. (2006). Where not to live: a geodemographic classification of mortality for England and Wales, 1981–2000. Health &
place, 12(4), 557–569.
82. Batey, P., Brown, P., & Corver, M. (1999). Participation in higher education: A
geodemographic perspective on the potential for further expansion in student
numbers. Journal of geographical systems, 1(3), 277–303.
83. Butler, T., Hamnett, C., Ramsden, M., & Webber, R. (2007). The best, the worst and the
average: secondary school choice and education performance in East London. Journal of
Education Policy, 22(1), 7–29.
84. Batey, P., Brown, P., & Corver, M. (1999). Participation in higher education: A
geodemographic perspective on the potential for further expansion in student
numbers. Journal of geographical systems, 1(3), 277–303.
85. Webber, R. (2008). Geodemographics. In Encyclopedia of Geographic Information
Science (pp. 170–172). Thousand Oaks, CA: SAGE.
86. Esri (2015). Tapestry Segmentation. Retrieved from http://doc.arcgis.com/en/esridemographics/ data/tapestrysegmentation.htm#ESRI_SECTION1_87F5D845F8E04723AE1F4F502FF3 B636
87. Abbas, J., Ojo, A., & Orange, S. (2009). Geodemographics – a tool for health
intelligence? Public Health, 123, 35–39.
88. Hall, D. M., Silka, L., & Lindenfeld, L. (2012). Advancing science and improving quality
of place: Linking knowledge with action in Maine’s Sustainability Solutions Initiative.
Maine Policy Review, 21(1):22–29.
89. Hall, D.M., Gilbertz, S., Horton, C., Peterson, T.R. (2012). Culture as a means to
contextualize policy. Journal of Environmental Studies and Sciences, 2(3): 222–233.
90. McLellan, E., MacQueen, K. M., & Neidig, J. L. (2003). Beyond the qualitative
interview. Data preparation and transcription. Field methods, 15(1), 63–84.
91. Lindlog, T.R., & Taylor, B.C. (2002). Asking, listening, and telling. Qualitative
communication research methods, 170-208

