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Honeybees are often regarded as ambassador species for pollinator conserva-
tion, and beekeeping is frequently perceived as a pro-biodiversity activity, which
has become highly popular in urban areas. However, the rapid increase in docu-
mented urban honeybee populations raises concerns about potential competition
for resources and disease spillover into wild bee populations. This calls for better

regulation and management of urban beekeeping.

. Drawing on previous studies, we present and discuss six critical social-ecological

aspects of urban beekeeping, specifically, (1) the rapid growth of urban beekeep-
ing, (2) asymmetries in the distribution of honeybee hives across beekeepers,
(3) disrupted thermal balances, (4) knowledge and perceptions on urban floral
resources, (5) competition for floral resources and (6) health management and
disease transmission. We then discuss pathways towards a social-ecological regu-

lation of urban beekeeping.

. We advocate developing an urban bee management concept as a tool for es-

tablishing contextualized and equitable policies that work across urban land-use
gradients. Such a concept can support the management of urban landscapes
for mixed uses, including biodiversity conservation and agricultural production,
including beekeeping. However, this concept must emerge from co-design and
co-creation processes involving all stakeholders, including beekeepers and con-
servationists, thereby integrating diverse views and preventing confrontation. In
doing so, cities can better design, manage, and plan their landscapes to support

all pollinators.
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1 | INTRODUCTION

Cities are a significant driver of changes in biodiversity and
ecological communities while simultaneously holding potential
for conservation. This is especially true for wild bees and other
non-bee pollinators (Baldock, 2020). The discourse surrounding
bee declines has coincided with a rise in urban beekeeping.
Particularly, the increase in urban beekeeping is driven in part by
a general perception that the Western honeybee (Apis mellifera,
Linnaeus, 1758) is under threat, associated with a ‘save the bees’
narrative (Alton & Ratnieks, 2016; Egerer & Kowarik, 2020;
Geldmann & Gonzalez-Varo, 2018). Moreover, honeybees are
often perceived as an ambassador species for insect pollinator
conservation. Hence, beekeeping is also regarded as a pro-
biodiversity activity and has become very popular in urban
areas (Egerer & Kowarik, 2020; Sponsler & Bratman, 2021); this
has made honeybees an ubiquitous insect in cities worldwide
(Casanelles-Abella et al.,, 2025; Matsuzawa & Kohsaka, 2021).
Furthermore, urban areas have been less exposed to pesticides
and can, in some cases, support greater phenological diversity and
floral resource availability compared to intensified agricultural
areas (Park et al., 2023; Sexton et al., 2023; Zaninotto et al., 2023).
All of these factors have been combined with a lack of regulations
on urban beekeeping, which has further facilitated its popularity
and increased the number of beekeepers (Lorenz & Stark, 2015;
Matsuzawa & Kohsaka, 2021, 2022). However, if urban floral
resources are insufficient to support these increases in honeybee
numbers, the increase in urban beekeeping activity could lead to
food shortages for honeybees and other flower-visiting insects
such as wild bees, creating an unsustainable situation for both
managed honeybees and wild pollinators (Maclnnis et al., 2023;
Requier et al., 2024; Sponsler & Bratman, 2021). Resource
disparity has already been reported in London, UK, by the London
Beekeepers' Association (LBKA, 2020) and in scientific research
(Stevenson et al., 2020).

A lack of suitable forage can negatively impact both honey-
bees and wild bees, due to increases in intra- and interspecific
competition for floral resources, which has been reported in urban
(Maclnnis et al., 2023; MacKell et al., 2023; Renner et al., 2021;
Ropars et al., 2019) and non-urban (e.g. agricultural) areas (Page
& Williams, 2023a; Steffan-Dewenter & Tscharntke, 2000;
Thomson, 2004; Wignall et al., 2020). Furthermore, competition for
floral resources can be exacerbated in urban areas where honey-
bees are non-native or even invasive (Garibaldi et al., 2021; Russo
et al., 2021; Thomson, 2004). Increasing honeybee population num-
bers may also lead to increased disease transmission (Sponsler &
Bratman, 2021). Overall, these concerns have sparked discussions
on how urban beekeeping can be balanced with the conservation of
wild bees and non-bee pollinators in cities through improved poli-
cies and regulatory frameworks (Egerer & Kowarik, 2020; Johannsen
et al., 2021; LBKA, 2020; Mouillard-Lample et al., 2023). In this per-
spective paper, we provide a brief background on urban beekeep-
ing and beekeeping's known and hypothesized effects on wild bees,

discuss critical social-ecological aspects of urban beekeeping and
explore the potential solutions and regulatory tools for promoting
the coexistence of honeybees with wild bees in cities. We aim to
emphasize the understudied complexity of this social-ecological
system.

2 | URBAN WILD BEE DIVERSITY

Urban areas can harbour a large diversity of wild bee species
(Casanelles-Abella, Chauvier, et al., 2021; Fauviau et al., 2024;
Fournier et al., 2020; Liang et al., 2023). This is due, in part, to
enhanced resource availability (e.g. through gardening and wild
bee habitat planning in urban green spaces), reduced exposure to
pesticides, and the availability of specific nesting substrates, such
as cavities (Baldock, 2020). Certain urban habitats can be hotspots
for wild bees, for example, the different types of urban gardens
present in the landscape (e.g. home gardens, allotments, botanical
gardens, Baldock et al., 2015, 2019; Silva et al., 2023). The diverse
beefaunasfoundin cities suggest thaturbanareas canbeimportant
ecosystems for conserving wild bees (Baldock, 2020; Turo
et al., 2021), although the role of species of conservation concern
is limited (Fauviau et al., 2024; Liang et al., 2023). This is relevant
because the last international agreements (e.g. Kunming-Montreal
Global Biodiversity Framework; CBD, 2022) have emphasized
integrating cities and urban habitats in biodiversity conservation
efforts. Besides their value in preserving biodiversity, wild bee
species contribute to the reproduction of spontaneous and
cultivated plants and thus provide important ecosystem functions
and services (Blareau et al., 2023; Liang et al., 2023; Lowenstein
et al., 2015).

3 | URBAN HONEYBEES

The ecology and behaviour of honeybees differ from those of
wild bees. Honeybees are generalist species, live in colonies with
very large numbers of workers, distribute tasks among workers,
have enhanced sensory systems and complex communication
that enable them to navigate through complex landscapes, scout
large areas to find resources, learn how to exploit them and
communicate the location to the rest of the colony (Hammer &
Menzel, 1995; Klein et al., 2019; Lindauer et al., 1999; Strube-
Bloss & Rossler, 2018). These life history characteristics of
honeybees mean they might be less sensitive to the presence
or absence of certain plant species, less vulnerable to pollen
toxicity and able to meet nutrient requirements more easily than
wild bees. Finally, honeybee genetic and phenotypic diversity
has been altered through selective breeding and hybridisation
to generate more productive and resource-depleting breeds. In
conclusion, honeybees can better cope with challenging and novel
environments, such as urban ecosystems, and potentially consume

more resources than wild bees.
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4 | BEEKEEPING ACTORS AND
BEEKEEPING PRACTICES IN CITIES

Urban beekeeping diverges from traditional beekeeping practices in
non-urban systems, particularly regarding the urban beekeeping actors,
including individuals, collectives and companies that own and often,
but not always, manage beehives. Studies investigating the diversity
of urban beekeeping actors and their characteristics are still largely
missing, but defining characteristics include their motivations, the
number of hives per beekeeping actor, expertise and their total num-
bers (DiDonato & Gareau, 2022; Egerer & Kowarik, 2020; Johannsen
et al., 2021). While there is no official categorization of urban beekeep-
ing actors, we distinguish five groups: individual hobbyists, collectives
(e.g. educational institutions, community gardens), commercial ven-
tures, corporate beekeeping and turnkey beekeeping companies.

The first two groups, namely individual beekeepers and collectives,
are often motivated not only, or not necessarily, by economic gain,
but also by other reasons, such as leisure and a willingness to perform
perceived pro-environmental actions (Figure 1; DiDonato & Gareau,
2022; Egerer & Kowarik, 2020). These two groups, particularly hob-
byists, represent the majority of beekeeping actors, often owning few
hives and varying levels of training (Lorenz & Stark, 2015; Sponsler &
Bratman, 2021). A lack of training and subsequent involvement in bee-
keeping associations is concerning (Connolly, 2019) because it may lead
to failure to adhere to proper practices, which, for example, can nega-
tively affect hive health. The second group comprises the commercial

ventures, which are highly trained beekeepers that often keep many
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hives for profit (e.g. honey, propolis, wax and other products) within
urban areas, as is traditionally done in non-urban ecosystems. It is worth
noting that urban honey production brings branding and economic op-
portunities (Lopéz-Galan & de-Magistris, 2025; Quiralte et al., 2023),
particularly given higher market honey prices and consumer prefer-
ences for local or regional products (Bissinger & Herrmann, 2021).
‘Beewashing’ (sensu Colla, 2022; Maclvor & Packer, 2015) by some
corporate organizations (i.e. corporate beekeeping) involves another
group of beekeeping actors. Beewashing superficially proposes to sup-
port environmental efforts and their Environmental, Sustainability, and
Governance (ESG) targets through highly visible actions with limited en-
vironmental benefit (Matteucci, 2022; Mawardii, 2023; Weston, 2021).
Furthermore, honey production and branding by corporate beekeeping
can also contribute to corporate identity and represent public engage-
ment (Lopéz-Galan & de-Magistris, 2025). The number of beehives these
organizations keep can be much higher than those managed by individ-
ual beekeepers (Mawardii, 2023, Figure 1). Interacting with the different
beekeeping actors are the so-called turnkey beekeeping companies that
rent one or more hives to their clients (e.g. companies, schools) and offer
experienced beekeeping services. These beekeeping companies typically
do not focus on large-scale honey production; instead, they generate
profits from their beekeeping services, averaging 500-3000 euros per
hive (Mawardii, 2023). While the number of hives per client is often small,
turnkey companies can have multiple clients in a city. Differences in the
number of hives and motivations of urban beekeeping actors can result
in tensions among them, for example, over unequal use of common floral

resources or disease prevention strategies (Sponsler & Bratman, 2021).

(b)
L]
5091 ©
[ ]
[}
30 1 !
%
201 & %
§ S '5. City
£10{ =" Bern
D ° - e Geneve
2 ° - Lausanne
X o = e Paris
Z - - Zurich
- L]
31 - o
L____J N
14 - -

0 50 100 150 200 250
ID

FIGURE 1 Urban beekeepers. (a) Examples of urban beekeeping actors according to their total numbers and the expected number of hives
per beekeeper, total honey production and capital. (b) Five examples of the distribution of urban beehives among beekeepers (beekeeping
actors). Number of hives per beekeeper in one French (Paris, data from the Ministry of Agriculture and Food Sovereignty) and four Swiss (Bern,
Geneve, Lausanne and Zurich, data from the cantonal veterinary offices) cities. The x-axis (ID) represents a registered beekeeping actor. The y-
axis shows the number of hives (spacing is log-transformed) per registered beekeeping permit. See Text S1 for additional information on the data.
Photo credit: Silke Meyer salzundhonig, Bienenstand im Peace of Land, Saskia Uppenkamp; Vancoucerconvention in flickr CC BY-NC-SA 2.0.
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Urban beekeeping practices can range from minimal intervention
(e.g. little honey harvesting) to intensive management involving supple-
mental feeding. Different beekeeping practices may have differential
impacts on urban ecosystems and on honeybees' nutritional demands,
thereby affecting honeybee interactions with wild bee species and
other non-bee pollinators. The diversity of beekeeping actors, lack of
awareness of other beekeeping actors already present in an area and
the lack of specific legislation for urban beekeeping can create com-
plex situations and are likely to contribute to large beehive densities
observed in cities (e.g. Casanelles-Abella & Moretti, 2022; Maclnnis
et al., 2023; Ropars et al., 2019). For instance, even though individual
hobbyists typically own few hives, their large numbers within a city
landscape might also result in landscapes with large beehive densities,

often with hobbyists unaware of the surrounding densities.

5 | CRITICAL SOCIAL-ECOLOGICAL
ASPECTS

5.1 | Rapid growth of urban beekeeping and
honeybee populations

Over the last two decades, urban beekeeping has increased in cit-
ies across several continents (Figure 2). Consequently, the number of
hives, beekeeping actors, and the densities of hives have increased
(Casanelles-Abella & Moretti, 2022; Figure 2; see also Stevenson

et al., 2020). The growth in hive numbers indicates an increasingly
large, urban, managed honeybee population across multiple cities.
For example, in Zurich, Switzerland, the number of hives increased
from 898 in 2014 to 1233 in 2023 (Figure 2). In Berlin, Germany, the
number of hives registered increased from <2500 in 2005 to >7500
in 2022 (Figure 2). Maclnnis et al. (2023) reported an increase in the
total number of hives in Toronto from 238 to almost 3000 hives from
2013 to 2020. Moreover, available data on a turnkey urban beekeep-
ing company also showed an increase in the number of beehives be-
tween 2017 and 2022 (Young et al., 2024). Specifically, from 163 to
391 hives in Montréal, and from 54 to 394 hives in Toronto (Young
et al., 2024). Consequently, honeybees have become widespread and
abundant in multiple cities, often accounting for a large proportion
of the bee individuals captured in urban bee studies (e.g. Casanelles-
Abella et al., 2025; Maclnnis et al., 2023). Overall, honeybees are pre-
sent well beyond their natural distributional ranges, including many
cities outside Europe, Africa and West Asia. Thus, this implies urban
honeybees are non-native and often considered invasive in several

cities where beekeeping is currently practised (Maclnnis et al., 2023).
5.2 | Asymmetries in the distribution of urban
beekeeping

While data are still scarce (few cities have information on the distri-

bution of beehives among beekeeping actors), and when availablility

City = Berlin = Hamburg = New York = Toronto
Y = Greater London Montreal = Paris
b
(a) ® )
Al
7500 1 =
X
» @ 10+
© 5000 g
< <
; > ]
< 2500 B ° /
c
e &
0 L T T T 0 L T T — T
2010 2015 2020 2010 2015 2020
Year Year
= Basel = Geneva = Luzern = Zurich
= Bern = Lausanne Wintherthur
c d
©) 1500 1 @
o 1501 FIGURE 2 Examples of the growth
o) patterns of urban beekeeping. (a, b)
& 1000 1 % Number of hives and hive density in
-E _92 1001 five cities from Europe (Berlin, Paris,
. Za 8 / Hamburg and London) and three cities
Z 5004 ﬂ o 0. from North America (New York, Toronto
prd and Montreal) between 2005 and 2022.
(C, D) Number of hives and number of
0+ beekeepers in five Swiss cities for the

2014 2016 2018 2020 2022
Year

2014 2016 2018 2020 2022

period 2014-2023. See Text S2 for

Year additional information.

85US017 SUOLULIOD 9A1I.D) 3{cedl[dde au Aq peusenob afe sapie VO ‘8sn JO Sa|nJ Joj Akeuqi8UIIUO AS]IAN UO (SUOTHPUOD-PUe-SWLBIA0D" A 1M ARe.q [BUUO//:SdY) SUONIPUOD pUe SIS 1 8L 89S *[9202/20/£2] Uo AriqiTauljuo AS (1M o iuepeyy ayos1ieziemuyds Aq 9520, sUed/z00T 0T/I0p/wod A3 1M AeIq1jeuluo's euIno saqy/:sdny wouy pepeojumod ‘0 ‘YTE8S.SE



CASANELLES-ABELLA ET AL.

is often difficult to obtain (e.g. not openly available, not shareable,
language barriers), the existing beehive census data we obtained
(Figure 1, Text S2) show asymmetries in the distribution of beehives,
with many beekeepers having one or few hives and a small number of
beekeepers having large numbers of hives (Figure 1). This seems to
be the case of the Swiss cities of Zurich, Bern, Lausanne and Geneva
(Figure 1) and the French city of Paris (Figure 1). The situation in other
cities remains unknown due to a lack of data. It is worth noting that
beekeepers with high numbers might not keep all their hives in a
single location but distribute them across the city. Furthermore, the
asymmetries in the distribution of beehives could be a consequence
of some specific groups of beekeeping actors, such as corporate bee-
keeping (in Paris, Matteucci, 2022; in London, Mawardii, 2023; see
also Segal, 2023). How widespread this pattern is across cities world-
wide remains unknown, but it deserves further attention.

From a social-ecological perspective, the asymmetry in the distri-
bution of hives has important consequences for urban beekeepers.
First, it suggests that bees managed by a few actors may exploit a
larger proportion of the existing floral resources than most beekeep-
ing actors with one or a few hives, with consequences for resource
consumption and potential competition between honeybees and
wild bees. It also highlights the vulnerability of urban ecosystems to
decisions by specific actors, who, in the absence of regulations, may
substantially alter the demand, production and consumption of floral
resources (Sponsler et al., 2023). Consequently, ecological processes
such as competitive interactions and bee population dynamics are

affected. Second, it might counteract actions of some beekeeping
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actors, possibly individual hobbyists and collectives that own and
manage honeybees themselves (e.g. for educational or recreational
purposes), who might be reducing their hive densities (e.g. by sharing
hives, Turner, 2021) and increasing floral resources often in coordi-
nation with local urban beekeeping associations.

5.3 | Disrupted thermal balances

Keeping honeybees in artificial hives increases their food require-
ments (Jarimi et al., 2020). The natural nesting conditions of honey-
bees, specifically the hive's thermal balance, are disrupted with the
use of artificial hives (e.g. Langstroth hives) due to insulation prob-
lems and the need for hive inspections and honeybee harvests (Jarimi
et al., 2020). In feral populations (i.e. in their natural state), honeybees
maintain a constant hive temperature by nesting in well-insulated sites,
typically in a tree with narrow, thick-walled cavities lined with propolis
(Mitchell, 2016). In contrast, artificial hives are poorly insulated, forc-
ing honeybees to buffer temperature fluctuations by increasing their
energy investment, which, in turn, increases food requirements (Jarimi
et al., 2020). Moreover, honey harvesting also increases the food de-
mands of colonies. Harvesting of honeybee products may additionally
occur at a time of year when there are few available floral resources,
especially when beekeepers are beginners without adequate training.
In cities, artificial hives can be subject to higher temperature stress
than in other environments, as they are more likely to be placed on

impervious surfaces (e.g. rooftops and backyards; Figure 3) within
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FIGURE 3 Distribution of beehives in Zurich along local overheating and greenspace availability. (a) Histograms of the mean overwarming
surrounding beehives in Zurich at three spatial buffers (250, 500 and 1000 m). The map depicts the modelled overheating in the city of
Zurich from 2009 (Parlow et al., 2010) and the distribution of beehives (represented by black dots) in 2018. Overheating measures the
increased heat load of air temperature (above the ambient temperature) due to heat exchange with urban surfaces (Parlow et al., 2010).
Negative temperatures indicate temperatures below the baseline temperature. (b) Histograms of the mean value of the normalized
difference vegetation index (NDVI) from 2018 surrounding beehives in Zurich at three spatial buffers (250, 500 and 1000 m). The map
depicts the modelled NDVI in the city of Zurich and the distribution of beehives in 2018.
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densely built landscapes. Increased temperature stress also results in
higher energetic costs to maintain hive temperatures, thus increasing
the food requirements of the hives, which likely reduces honeybee
welfare and increases stress levels (Garrido & Nanetti, 2019). Higher
city temperatures, due to the urban heat island effect and climate
change, may further exacerbate these processes.

5.4 | Knowledge and perceptions on urban floral
resources

The availability of urban floral resources, including nectar and pol-
len, along with their nutritional value (Parrefio et al., 2022), is a
critical factor determining whether and to what extent wild bee, as
well as non-bee pollinators, and honeybees can coexist. However,
the availability of urban floral resources is largely unknown to bee-
keeping actors, managers and stakeholders. Urban plant diversity
patterns are highly variable among and within urban green space
types, for example, due to differences in management, prefer-
ences, uses and legacies (Avolio et al., 2021; Johnson et al., 2015;
Swan et al., 2017). Furthermore, urban floral resources are tempo-
rally heterogeneous (Kreider et al., 2020; Stevenson et al., 2020).
Therefore, urban areas have high spatio-temporal heterogene-
ity in the floral resource availability (Baldock et al., 2019; Tew
etal., 2021, 2022).

Thus, the perception of floral resource availability by stake-
holders, managers or users (e.g. beekeeping actors) is limited at
best and may be skewed, biased, and therefore incorrect. They
might even be inaccurate or overly optimistic, potentially resulting
in management decisions and behaviours that do not reflect the
ecological reality of floral resources. In addition, floral resource
assessments often rely on indirect estimates like plant diversity
(Baldock et al., 2019; Casanelles-Abella, Frey, et al., 2021) or the
amount of green cover due to the lack of data on actual nectar
and pollen production and their nutritional values, which are the
key factors linking plants and pollinators. Consequently, the avail-
ability of floral resources is often incomplete. As honeybees can
roam freely across the cityscape and access most habitat patches,
beekeepers may have the wrong impression that urban ecosys-
tems have a surplus of floral resources, perhaps even while floral
resources are being depleted. Overall, the incomplete or biased
perception of urban floral resources, as well as honeybees' con-
sumption rates of these resources, may reduce awareness of the
need to increase available forage and to adapt beehive densities
accordingly, with important consequences.

Finally, this implies that the carrying capacities of bees (and in-
sect pollinators generally) in urban ecosystems are also unknown.
Urban floral resources, particularly plant production rates (Sponsler
et al., 2023), are among the primary components determining bee
carrying capacities in cities. Specifically, bee carrying capacity esti-
mates the maximum number of wild and managed honeybees that
can be maintained within a given area and during a specific period.
Similar to floral resources, bee carrying capacities are expected to

be highly dynamic in space and time and are currently unknown to
beekeeping actors, managers, and stakeholders. On the other hand,
the perceptions of urban floral resources, combined with a large
number of actors, can result in the placement of hives in landscapes
with low resource availability (Figure 3; see also Young et al., 2024)
or in areas with already existing high hive densities, thereby accen-
tuating mismatches with existing resources. This can be accentu-
ated by existing constraints imposed by authorities, registration
requirements or incentives, which may further limit the placement

and selection of inadequate locations.

5.5 | Competition for floral resources

Insufficient resources to meet the needs of both wild bee and
honeybee populations can lead to increased competition for flo-
ral resources. Competition for floral resources has been better
and mostly documented in non-urban ecosystems (reviewed in
Iwasaki & Hogendoorn, 2022; but see also the review from Pike &
Rittschof, 2025), but existing evidence indicates it is also occurring
in some urban ecosystems (Prendergast & Ollerton, 2021; Renner
et al.,, 2021). Competition for floral resources can displace wild
bees, particularly specialist species or those with significant niche
overlap (Elliott et al., 2021; Lazaro et al., 2021), ultimately alter-
ing their diet preferences and nutritional intake (Page et al., 2024).
Nutritional intake influences bee health (Parrefio et al., 2022), and
thus altered nutrition might eventually shape individual bee fitness
(Parrefio et al., 2022; Vaudo et al., 2015, 2024), scaling up to popu-
lation- and community-level responses (Vaudo et al., 2018, 2024).
Finally, there are still several uncertainties and inconsistencies re-
garding floral resource competition that requires more research
(Pike & Rittschof, 2025), including the fact that ‘competition need
not be constant or even frequent to be influential, since one lean
year in ten might be sufficient to drive local extinctions that would
persist unless reversed by immigration’ (Sponsler & Bratman, 2021).
Thus, as the number of honeybee hives and individual honeybees
increases, there may be unknown short- to long-lasting impacts on

wild bee and non-bee pollinator communities in urban habitats.

5.6 | Health management and disease transmission

Honeybees are affected by bacterial, viral, and fungal diseases
(Evans & Schwarz, 2011; Piché-Mongeon & Guzman-Novoa, 2024).
Increasing evidence points out that diseases traditionally asso-
ciated with honeybees can be transmitted to other insects (e.g.
Maurer et al., 2024), particularly wild bees (Furst et al., 2014;
Graystock et al., 2016). While the topic warrants further research,
disease transmission from honeybees to other wild bee species is
likely influenced by beehive densities (Sponsler & Bratman, 2021).
Furthermore, it can be accentuated when beehive health manage-
ment differs among beekeeping actors and when beehive densities
are higher. Differences in honeybee health management can be
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highly variable due to differences in training and expertise among
beekeeping actors, which can even result in conflicts between bee-

keeping actors (Sponsler & Bratman, 2021).

6 | ECOLOGICAL CONSEQUENCES OF AN
ASYMMETRIC, OPEN-ACCESS SITUATION

The trends in urban beekeeping resemble other dilemmas of shared
open-access resources with few to no regulations (Ostrom, 2008).
Specifically, an unregulated increase of urban hives and beekeeping
actors without accounting for the common yet finite or declining avail-
able floral resources (e.g. due to urban densification, urban sprawl,
changes in planting preferences). This can have adverse effects on
wild bees due to increased competition for floral resources (Balfour
et al., 2015; Mouillard-Lample et al., 2023; Wignall et al., 2020),
which may be further aggravated when honeybees are non-native
(Page & Williams, 2023b). Moreover, resource scarcity can enhance
intra-specific competition among honeybee colonies (Sponsler &
Bratman, 2021). Finally, the asymmetries in the distribution of hives
among beekeepers in cities (Figure 2) may further indicate an un-
equal distribution of resources. In this case, a few large-scale or well-
established beekeeping actors with numerous hives may utilize most
of the available urban space and common floral resources, leaving

fewer resources for small-scale beekeeping actors with fewer hives.

7 | OPPORTUNITIES FOR
SOCIAL-ECOLOGICAL REGULATION

Urban beekeeping calls for social-ecological regulation appropriate
to its urban context. Restrictions, policies or controls that consider
the origin status of honeybees, hive densities, asymmetries in the
distribution of beehives, the different motivations of beekeeping
actors, wild bee communities and their diversity, as well as other
non-bee pollinators, environmental stressors on honeybees and in-
formation on existing floral resources are largely absent (Matsuzawa
& Kohsaka, 2021, 2022). In this final section, we discuss the oppor-
tunities for social-ecological regulation, adapting the recommenda-
tions from Beaurepaire et al. (2025) for agricultural landscapes to
the urban context (Figure 4) and following the principles outlined by
Ostrom (2008). Specifically, we propose developing an ‘urban bee
concept’ in cities to establish contextualized and equitable policies
that work across urban land-use gradients and harness co-design
processes involving all stakeholders, including urban beekeeping
actors and conservationists. The urban bee concept should include
‘reasonable and beneficent norms for urban beekeeping’ (Sponsler
& Bratman, 2021), but also aid decision-makers to determine what
parts of the city are fully devoted to wild bee conservation and
what parts can have mixed use, that is, with a certain intensity of
urban beekeeping. Such an urban bee concept is composed of three
main components (Figure 4): (1) the social-ecological criteria to con-
textualize regulation; (2) the mitigation measures and associated
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implementation tools that are co-designed with stakeholders and are
situated within the social-ecological context; and (3) the implemen-
tation of mitigation measures, which also integrates re-evaluation

and adaptation processes based on successes and failures.

71 | Social-ecological context

From an ecological perspective, we propose four points: first, the
origin status and invasive potential of honeybees. Regulations may
need to be stricter in cities outside honeybees' natural distribution
ranges to prevent potential invasions and increased displacement
(Page & Williams, 2023b). Second, the availability of resources and
the degree of niche partitioning. Here, specific habitats may enable
honeybees and wild bees to partition available resources more
effectively. For instance, the phenologies of honeybees and wild bee
species might not temporally overlap, or when they do, the structure
of floral resources can prevent niche overlap (Casanelle-Abella et al.,
2025). Third, the shared diseases and disease spillover risk. The final
point concerns the distribution of environmental stressors, such as
temperature and pollution, which influence honeybee health (Jarimi
etal., 2020) and wild bee diversity (Geppert et al., 2022). While these
topics should form the ecological basis, it is essential to note that
there are still main research gaps (several summarized in Beaurepaire
et al., 2025), for example, on obtaining meaningful estimations of
carrying capacities in urban areas based on the nutritional needs
of bees (Casanelles-Abella et al., 2023; Stange et al., 2017). From a
social perspective, given the predicted asymmetries in the number
of beekeeping actors, the composition and configuration of urban
beekeeping actors, as well as their numbers of hives and distribution,

are critical pieces of information for fostering equitable policies.

7.2 | Mitigation measures

We propose four measures to enhance co-existence between hon-
eybees and wild bees and minimize negative impacts (Figure 1).
The selection and implementation of a given mitigation measure
depends on the social-ecological context. First, the reduction of
beekeeping actors and/or hives in areas deemed to have excessive
beekeeping intensity, such as in Oslo, Norway (Stange et al., 2017).
Second, the ban of urban beekeeping in certain areas, for example,
following bee conservation criteria (Henry & Rodet, 2018; Lanner
et al., 2025) or based on overall honeybee welfare to avoid expo-
sure to stressors such as pollution or overheating. Such an approach
is being implemented in some cities, including Zurich, Switzerland
(Stadt Zurich, 2025), and Berlin, Germany (Senatsverwaltung fiir
Umwelt, Verkehr und Klimaschutz, 2019; Stange et al., 2017), yet
not considering different beekeeping actors. Third, enhancing flo-
ral resources. Fourth, developing bee health management plans to
enhance disease prevention, detection and treatment. There are
available solutions to implement such measures. For example, shar-

ing honeybee hives can effectively reduce beekeeping intensity
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FIGURE 4 The urban bee concept. Through the integration of social-ecological knowledge and context and through the development

of mitigation strategies, a coexistence concept for both managed and wild bees can be co-created among involved stakeholders (e.g.
beekeepers, conservationists, government officials). Such an urban bee concept is city-specific and results in a specific priorization of the
urban landscape for both conservation and mixed uses. The figure is inspired and adapted by the works of Beaurepaire et al. (2025), Sponsler
and Bratman (2021) and Egerer and Kowarik (2020) and our discussions with the governmental office Bienenfachstelle des Kantons Ziirich, the
beekeeping association Ziircher BienenFreunde and the London Beekeepers' Association LBKA.

while avoiding the exclusion of certain beekeeping actors, such as
hobby beekeepers. Targeted measures to specific beekeeping actors
(e.g. corporate beekeeping, Mawardii, 2023) could reduce existing
asymmetries in the exploitation of floral resources by increasing
hive densities. Furthermore, enforcing adequate beekeeping train-
ing, for instance, through courses and mentoring within urban bee-
keeping associations could improve disease prevention and increase
awareness of the negative impacts of overheating and pollution on
honeybees, thus improving the selection of beekeeping locations.
Similarly, documentation and education on wild bees and their plant
hosts represent a critical measure to enhance floral resources and
guarantee human-nature interactions.

We see several available tools to help implement and improve
mitigation measures (Figure 1, discussed in Text S1). First, the use
of mapping tools for the physical environment (temperature, pollu-
tion) and floral resources (e.g. Baldock et al., 2019; Tew et al., 2021).
Examples of mapping approaches include those by the Agency of
the Urban Environment of the city of Oslo, Norway, to delimit ‘pre-
cautionary areas’ where hive placement is strictly regulated (Stange
et al., 2017). Second, performing bee hive registration and monitor-
ing programmes, including the number of hives, health, beekeeping
actors and disease status. Third, conducting monitoring of the diver-
sity and distribution of urban wild bee communities. Fourth, docu-
menting and uncovering the nutritional value of the existing plants
and wild bee demands (Parrefio et al., 2022). Fifth, promoting the

restoration (sensu Klaus & Kiehl, 2021) of urban habitats. Finally,
managing small urban green spaces to increase habitat availability
(Casanelles Abella & Egerer, 2026; Egerer et al., 2024).

7.3 | Co-creation and co-design

Co-creation and co-design of solutions among diverse actors (e.g.
beekeepers, conservationists, government officials) who may
hold different and sometimes conflicting views is a promising ap-
proach to finding reconciliatory and inclusive solutions (Beaurepaire
et al., 2025). Similarly, different beekeeping actors may hold distinct
and opposing views, particularly when their motivations differ and
when asymmetries in hive ownership exist. For urban beekeeping,
promoting joint working panels would enable different stakehold-
ers to share their views, receive relevant information on the social-
ecological context and available mitigation measures (e.g. which
plants could be planted to meet bees' nutritional requirements), and
then collaborate to develop the urban bee concept. One potential
challenge is ensuring that discussions are not disproportionately
influenced by large beekeeping actors and their interests, as main-
taining a balanced exchange is important to reflect the diversity
of perspectives, avoid an overemphasis on particular interests and
allow beekeeping associations to effectively serve as intermediar-
ies and representatives at different scales of beekeeping. Overall,
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through improved communication and exchange that support
co-design and collaborative processes, synergies can be fostered
among all beekeeping actors and conservationists who share the

goal of promoting pollinator health.

74 | Implementation

Implementing the urban bee concept should be based on a
complementary approach that combines top-down and bottom-up
strategies, engaging the government, urban beekeeping associations
and the broader social fabric (sensu Sponsler & Bratman, 2021) of
beekeepers involved. Notably, once an appropriate set of measures
is collaboratively decided upon with all stakeholders, they can
be implemented in coordination with beekeeping associations
and the support of local government authorities or conservation
organizations. In this regard, beekeeping associations are critical
in enhancing cohesion among beekeepers, coordinating actions
and collaborating with other stakeholders (e.g. as in the case of the
LBKA in London). Particularly, urban beekeeping associations enable
urban beekeepers to learn and internalize social norms through
social interactions and accountability (as discussed in Sponsler
& Bratman, 2021). However, the diversity of urban beekeeping
actors, with varying degrees of connection to one another, still
presents a challenge. Some actors, such as corporate beekeeping
companies, may not integrate easily with traditional beekeeping
associations. Many individual beekeepers, especially hobbyists,
may not be registered or, when so, may not be easily reachable,
for example, via email lists or social media. Thus, they may be ‘off
the grid’ regarding their activities. As a result, this complicates
the identification of all stakeholders and their perspectives for
practical conservation efforts and collaborations. Finding ways to
foster cohesion and communication across diverse beekeeping
actors is crucial to implementing mitigation measures and will
require time and effort. In this regard, mandated registration
of all beekeepers with an association or within a governmental
programme (e.g. as in Switzerland, the USA, or Japan; Casanelles-
Abella & Moretti, 2022; Matsuzawa & Kohsaka, 2022) can facilitate
this. Similarly, regular newsletters, workshops, events and materials,
among other initiatives, could benefit all active beekeeping actors
in a city by fostering community and information sharing. Overall,
the establishment of a social fabric among urban beekeepers,
facilitated in part by beekeeping associations, is a critical step for
the co-creation, re-evaluation, improvement and implementation of

the urban bee concept.

8 | CONCLUSIONS

Beekeeping in urban areas requires new approaches to regulate this
increasingly popular yet challenging activity. We have highlighted
five critical aspects of urban beekeeping relevant to evaluating its
social-ecological context and as a first step towards developing
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policies to mitigate the adverse impacts of urban beekeeping on
wild bees and pollinators. Specifically, social-ecological regulatory
frameworks can be co-designed, implemented and evaluated in
collaboration with beekeepers and diverse stakeholders through the
urban bee concept, which operates within a shared city landscape
of mixed use. Such a concept is not static but must be updated
and reevaluated periodically as new scientific evidence emerges.
Furthermore, in a globalized world, unanticipated changes can occur
rapidly, for example, through the introduction of invasive antagonist
species (e.g. the Asian hornet in Europe, Vespa velutina LEPELETIER,
1836), the outbreaks of diseases or through rapid shifts in climatic
conditions, which in turn alter both managed and wild bees and their
interactions. Research gaps and difficulties in implementing bee
concepts in cities remain (Stange et al., 2017). However, the existing
complexities and future uncertainties should not discourage but
rather encourage the identification of solutions that will guarantee
a future in which biodiversity, pollinator health and human interests
coexist harmoniously in urban areas.

AUTHOR STATEMENT

Joan Casanelles-Abella and Monika Egerer conceived the idea and
developed it together with all the co-authors. Joan Casanelles-
Abella and Monika Egerer wrote the first draft. All authors corrected

the manuscript and gave their approval for publication.

ACKNOWLEDGEMENTS

We thank the London Beekeepers' Association (LBKA), notably its
chair, Richard Glassbrough and Simon Saville, as well as the beekeep-
ing association Zlrcher BienenFreunde and its president, Dr. Franz
Gasser, for the extensive information and documentation provided,
and for their valuable feedback on the topic. We thank Emanuel Horler,
the Erlebnisweg Honigbienen Rehetobel, André Wermelinger and the
Association FREETHEBEES, the members of the BEENERGIA pro-
ject, the scientific advisory board of the BEENERGIA project, includ-
ing Dani Lucas-Barbosa from FiBL, Debora Zaung from the Federal
Office for the Environment, and Matthias Gotti from BienenSchweiz,
for their insights on beekeeping and honeybees. We also thank the
support of the beekeeping consultancy Api:cultural. We thank Misha
Young and the urban beekeeping company Alveole for their feed-
back on urban beekeeping in Canada. We would like to thank Dr. Lise
Ropars, Kiki Anrika Velychko, the Bienenfachstelle-Kanton Zrich,
the Deutscher Imkerbund and the Bundesamt fiir Landwirtschaft for
their help in acquiring and interpreting honeybee data. We thank the
journalist Luca Matteucci and the biologist and writer Dana L. Church,
for their insights into urban beekeeping. J.C.-A. was funded by the
SNSF Postdoc. Mobility (grant number: 217754). Open Access fund-
ing enabled and organized by Projekt DEAL.

CONFLICT OF INTEREST STATEMENT
Joan Casanelles-Abella is part of the scientific advisory board
of the Swiss National Science Foundation Synergia project

85US017 SUOLULIOD 9A1I.D) 3{cedl[dde au Aq peusenob afe sapie VO ‘8sn JO Sa|nJ Joj Akeuqi8UIIUO AS]IAN UO (SUOTHPUOD-PUe-SWLBIA0D" A 1M ARe.q [BUUO//:SdY) SUONIPUOD pUe SIS 1 8L 89S *[9202/20/£2] Uo AriqiTauljuo AS (1M o iuepeyy ayos1ieziemuyds Aq 9520, sUed/z00T 0T/I0p/wod A3 1M AeIq1jeuluo's euIno saqy/:sdny wouy pepeojumod ‘0 ‘YTE8S.SE



CASANELLES-ABELLAET AL.

_I_lO Eé‘é‘ﬂ'ﬂﬁﬁm P 1 dN
Sy - Feople an ature

BEENERGIA- Bridging Ecological and socio-Economic scieNces to
Enhance our undeRstandinG of the Interactions between mAnaged
and wild bees. Mark Patterson is a professional urban beekeeper and
owner of the urban beekeeping consultancy Api:cultural. Monika
Egerer is an associate editor for People and Nature, but was not in-
volved in the peer review and decision-making process.

DATA AVAILABILITY STATEMENT

Data are archived in the repository EnviDAT (Casanelles Abella
et al.,, 2024) under the following DOI: https://doi.org/10.16904/
envidat.504. For Figure 4, data on hive distribution can be obtained
from the Zurich Cantonal Veterinary Office (https://www.zh.ch/de/

gesundheitsdirektion/veterinaeramt.html).

ORCID

Joan Casanelles-Abella "= https://orcid.org/0000-0003-1924-9298
Katherine Baldock "= https://orcid.org/0000-0001-6849-8747
Sara Diana Leonhardt "= https://orcid.org/0000-0002-8154-9569
Marco Moretti "' https://orcid.org/0000-0002-5845-3198
Monika Egerer "2 https://orcid.org/0000-0002-3304-0725

REFERENCES

Alton, K., & Ratnieks, F. (2016). Roof top hives: Practical beekeeping or
publicity stunt? Bee World, 93(3), 64-67. https://doi.org/10.1080/
0005772x.2016.1257462

Avolio, M. L., Swan, C., Pataki, D. E., & Jenerette, G. D. (2021). Incorporating
human behaviors into theories of urban community assembly and
species coexistence. Oikos, 130(11), 1849-1864. https://doi.org/10.
1111/0ik.08400

Baldock, K. C. R. (2020). Opportunities and threats for pollinator conser-
vation in global towns and cities. Current Opinion in Insect Science, 38,
63-71. https://doi.org/10.1016/j.cois.2020.01.006

Baldock, K. C. R., Goddard, M. A., Hicks, D. M., Kunin, W. E., Mitschunas,
N., Morse, H., Osgathorpe, L. M., Potts, S. G., Robertson, K. M., Scott,
A. V., Staniczenko, P. P. A, Stone, G. N., Vaughan, I. P, & Memmott,
J.(2019). A systems approach reveals urban pollinator hotspots and
conservation opportunities. Nature Ecology & Evolution, 3(3), 363-
373. https://doi.org/10.1038/541559-018-0769-y

Baldock, K. C. R., Goddard, M. A, Hicks, D. M., Kunin, W. E., Mitschunas,
N., Osgathorpe, L. M., Potts, S. G., Robertson, K. M., Scott, A. V.,
Stone, G. N., Vaughan, I. P., & 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), 20142849. https://doi.org/10.1098/rspb.2014.2849

Balfour, N. J., Gandy, S., & Ratnieks, F. L. W. (2015). Exploitative compe-
tition alters bee foraging and flower choice. Behavioral Ecology and
Sociobiology, 69(10), 1731-1738. https://doi.org/10.1007/s0026
5-015-1985-y

Beaurepaire, A. L., Hogendoorn, K., Kleijn, D., Otis, G. W., Potts, S. G.,
Singer, T. L., Boff, S., Pirk, C., Settele, J., Paxton, R. J., Raine, N. E., Tosi,
S., Williams, N., Klein, A.-M., Le Conte, Y., Campbell, J. W., Williams,
G. R., Marini, L., Brockmann, A., & Dietemann, V. (2025). Avenues
towards reconciling wild and managed bee proponents. Trends in
Ecology & Evolution, 40(1), 7-10. https://doi.org/10.1016/j.tree.2024.
11.009

Bissinger, K., & Herrmann, R. (2021). Regional origin outperforms all other
sustainability characteristics in consumer price premiums for honey:
Empirical evidence for Germany. Journal of Economic Integration,
36(1), 162-184. https://doi.org/10.11130/JEI.2021.36.1.162

Blareau, E., Sy, P,, Daoud, K., & Requier, F. (2023). Insect-mediated polli-
nation of strawberries in an urban environment. Insects, 14(11), 877.
https://doi.org/10.3390/INSECTS14110877/51

Casanelles Abella, J., Baldock, K., Leonhardt, S., Moretti, M., Patterson,
M., & Egerer, M. (2024). Figures perspective urban beekeeping. In
EnviDat.

Casanelles-Abella, J., Badini, J., Baldock, K., Calvifio, A., Fenoglio, M. S.,
Leonhardt, S. D., Neumann, A., Moretti, M., Patterson, M., Rossi-
Rotondi, B., Sexton, A., Tavares, K. P., Torretta, J. P., Videla, M.,
Zamudio, F., Zenni, R., & Egerer, M. (2025). Examining honeybee (Apis
mellifera) dominance patterns within urban bee communities world-
wide. Ecology and Evolution, 15(8), €71979. https://doi.org/10.1002/
ECE3.71979

Casanelles-Abella, J., Chauvier, Y., Zellweger, F., Villiger, P., Frey, D., Ginzler,
C., Moretti, M., & Pellissier, L. (2021). Applying predictive models to
study the ecological properties of urban ecosystems: A case study
in Zirich, Switzerland. Landscape and Urban Planning, 214, 104137.
https://doi.org/10.1016/j.landurbplan.2021.104137

Casanelles Abella, J., & Egerer, M. (2026). An ecology of suboptimals?
Lessons learnedfrom balancing green and gray in cities. Frontiers in
Sustainable Cities, 8, 1759048.

Casanelles-Abella, J., Fontana, S., Fournier, B., Frey, D., & Moretti, M.
(2023). Low resource availability drives feeding niche partitioning
between wild bees and honeybees in a European city. Ecological
Applications, 33(1), 1-17. https://doi.org/10.1002/eap.2727

Casanelles-Abella, J., Frey, D., Milller, S., Aleixo, C., Alés Orti, M., Deguines,
N., Hallikma, T., Laanisto, L., Niinemets, U., Pinho, P, Samson, R.,
Villarroya-Villalba, L., & Moretti, M. (2021). A dataset of the flowering
plants (Angiospermae) in urban green areas in five European cities.
Data in Brief, 37, 107243. https://doi.org/10.1016/j.dib.2021.107243

Casanelles-Abella, J., & Moretti, M. (2022). Challenging the sustainabil-
ity of urban beekeeping using evidence from Swiss cities. Npj Urban
Sustainability, 2(1), 3. https://doi.org/10.1038/542949-021-00046-6

CBD. (2022). Decision adopted by the conference of the parties to the
convention on biological diversity 15/4. Kunming-Montreal Global
Biodiversity Framework. https://www.cbd.int/conferences/post2
0202CBD/WG8J/11/7,CBD/SBSTTA/23/9,CBD/SBSTTA/24/12and
CBD/SBI/3/21,respectively

Colla, S. R. (2022). The potential consequences of ‘bee washing’ on wild
bee health and conservation. International Journal for Parasitology:
Parasites and Wildlife, 18, 30-32. https://doi.org/10.1016/j.ijppaw.
2022.03.011

Connolly, K. (2019). Berlin's bumbling beekeepers leave swarms without
homes | bees | the Guardian. The Guardian. https://www.theguardian.
com/environment/2019/aug/09/berlin-beekeepers-leave-swarms-
without-homes-schwarmfangers

DiDonato, S., & Gareau, B. J. (2022). Be(e)coming pollinators: Beekeeping
and perceptions of environmentalism in Massachusetts. PLoS One,
17(3), e0263281. https://doi.org/10.1371/journal.pone.0263281

Egerer, M., Annighofer, P., Arzberger, S., Burger, S., Hecher, Y., Knill, V.,
Probst, B., & Suda, M. (2024). Urban oases: The social-ecological im-
portance of small urban green spaces. Ecosystems and People, 20(1),
2315991. https://doi.org/10.1080/26395916.2024.2315991

Egerer, M., & Kowarik, I. (2020). Confronting the modern gordian knot of
urban beekeeping. Trends in Ecology & Evolution, 35(11), 956-959.
https://doi.org/10.1016/j.tree.2020.07.012

Elliott, B., Wilson, R., Shapcott, A., Keller, A., Newis, R., Cannizzaro, C.,
Burwell, C., Smith, T., Leonhardt, S. D., Kdmper, W., & Wallace, H. M.
(2021). Pollen diets and niche overlap of honey bees and native bees
in protected areas. Basic and Applied Ecology, 50, 169-180. https://
doi.org/10.1016/j.baae.2020.12.002

Evans, J. D., & Schwarz, R. S. (2011). Bees brought to their knees: Microbes
affecting honey bee health. Trends in Microbiology, 19(12), 614-620.
https://doi.org/10.1016/J.TIM.2011.09.003/ASSET/06722BD5-
E882-4D07-B9BA-0058FEC2FA59/MAIN.ASSETS/GR1.JPG

85US017 SUOLULIOD 9A1I.D) 3{cedl[dde au Aq peusenob afe sapie VO ‘8sn JO Sa|nJ Joj Akeuqi8UIIUO AS]IAN UO (SUOTHPUOD-PUe-SWLBIA0D" A 1M ARe.q [BUUO//:SdY) SUONIPUOD pUe SIS 1 8L 89S *[9202/20/£2] Uo AriqiTauljuo AS (1M o iuepeyy ayos1ieziemuyds Aq 9520, sUed/z00T 0T/I0p/wod A3 1M AeIq1jeuluo's euIno saqy/:sdny wouy pepeojumod ‘0 ‘YTE8S.SE


https://doi.org/10.16904/envidat.504
https://doi.org/10.16904/envidat.504
https://www.zh.ch/de/gesundheitsdirektion/veterinaeramt.html
https://www.zh.ch/de/gesundheitsdirektion/veterinaeramt.html
https://orcid.org/0000-0003-1924-9298
https://orcid.org/0000-0003-1924-9298
https://orcid.org/0000-0001-6849-8747
https://orcid.org/0000-0001-6849-8747
https://orcid.org/0000-0002-8154-9569
https://orcid.org/0000-0002-8154-9569
https://orcid.org/0000-0002-5845-3198
https://orcid.org/0000-0002-5845-3198
https://orcid.org/0000-0002-3304-0725
https://orcid.org/0000-0002-3304-0725
https://doi.org/10.1080/0005772x.2016.1257462
https://doi.org/10.1080/0005772x.2016.1257462
https://doi.org/10.1111/oik.08400
https://doi.org/10.1111/oik.08400
https://doi.org/10.1016/j.cois.2020.01.006
https://doi.org/10.1038/s41559-018-0769-y
https://doi.org/10.1098/rspb.2014.2849
https://doi.org/10.1007/s00265-015-1985-y
https://doi.org/10.1007/s00265-015-1985-y
https://doi.org/10.1016/j.tree.2024.11.009
https://doi.org/10.1016/j.tree.2024.11.009
https://doi.org/10.11130/JEI.2021.36.1.162
https://doi.org/10.3390/INSECTS14110877/S1
https://doi.org/10.1002/ECE3.71979
https://doi.org/10.1002/ECE3.71979
https://doi.org/10.1016/j.landurbplan.2021.104137
https://doi.org/10.1002/eap.2727
https://doi.org/10.1016/j.dib.2021.107243
https://doi.org/10.1038/s42949-021-00046-6
https://www.cbd.int/conferences/post20202CBD/WG8J/11/7,CBD/SBSTTA/23/9,CBD/SBSTTA/24/12andCBD/SBI/3/21,respectively
https://www.cbd.int/conferences/post20202CBD/WG8J/11/7,CBD/SBSTTA/23/9,CBD/SBSTTA/24/12andCBD/SBI/3/21,respectively
https://www.cbd.int/conferences/post20202CBD/WG8J/11/7,CBD/SBSTTA/23/9,CBD/SBSTTA/24/12andCBD/SBI/3/21,respectively
https://doi.org/10.1016/j.ijppaw.2022.03.011
https://doi.org/10.1016/j.ijppaw.2022.03.011
https://www.theguardian.com/environment/2019/aug/09/berlin-beekeepers-leave-swarms-without-homes-schwarmfangers
https://www.theguardian.com/environment/2019/aug/09/berlin-beekeepers-leave-swarms-without-homes-schwarmfangers
https://www.theguardian.com/environment/2019/aug/09/berlin-beekeepers-leave-swarms-without-homes-schwarmfangers
https://doi.org/10.1371/journal.pone.0263281
https://doi.org/10.1080/26395916.2024.2315991
https://doi.org/10.1016/j.tree.2020.07.012
https://doi.org/10.1016/j.baae.2020.12.002
https://doi.org/10.1016/j.baae.2020.12.002
https://doi.org/10.1016/J.TIM.2011.09.003/ASSET/06722BD5-E882-4D07-B9BA-0058FEC2FA59/MAIN.ASSETS/GR1.JPG
https://doi.org/10.1016/J.TIM.2011.09.003/ASSET/06722BD5-E882-4D07-B9BA-0058FEC2FA59/MAIN.ASSETS/GR1.JPG

CASANELLES-ABELLAET AL.

Fauviau, A., Fiordaliso, W., Fisogni, A., Fortel, L., Francis, F., Geslin, B.,
Hautekeete, N., Heiniger, C., Lambert, O., Le Feon, V., Massol, F.,
Michelot-Antalik, A., Michez, D., Mouret, H., Noél, G., Piquot, Y.,
Ropars, L., Schurr, L., Van Reeth, C., & Henry, M. (2024). Larger cities
host richer bee faunas, but are no refuge for species with concerning
conservation status: Empirical evidence from Western Europe. Basic
and Applied Ecology, 79, 131-140. https://doi.org/10.1016/J.BAAE.
2024.06.002

Fournier, B., Frey, D., & Moretti, M. (2020). The origin of urban commu-
nities: From the regional species pool to community assemblages
in city. Journal of Biogeography, 47(3), 615-629. https://doi.org/10.
1111/jbi.13772

Farst, M. A., McMahon, D. P., Osborne, J. L., Paxton, R. J., & Brown, M. J. F.
(2014). Disease associations between honeybees and bumblebees as
a threat to wild pollinators. Nature, 506(7488), 364-366. https://doi.
org/10.1038/nature12977

Garibaldi, L. A., Pérez-Méndez, N., Cordeiro, G. D., Hughes, A., Orr, M.,
Alves-dos-Santos, |., Freitas, B. M., de Freitas Oliveira, F., LeBuhn, G.,
Bartomeus, I., Aizen, M. A., Andrade, P. B., Blochtein, B., Boscolo, D.,
Drumond, P. M., Gaglianone, M. C., Gemmill-Herren, B., Halinski, R.,
Krug, C., ... Viana, B. F. (2021). Negative impacts of dominance on bee
communities: Does the influence of invasive honey bees differ from
native bees? Ecology, 102(12), 1-8. https://doi.org/10.1002/ecy.3526

Garrido, C., & Nanetti, A. (2019). Welfare of managed honey bees. In C.
Carere & J. Mather (Eds.), The Welfare of Invertebrate Animals. Animal
Welfare (Vol. 18, pp. 69-104). Springer. https://doi.org/10.1007/978-
3-030-13947-6_4

Geldmann, J., & Gonzalez-Varo, J. P. (2018). Conserving honey bees does
not help wildlife. Science, 359(6374), 392-393. https://doi.org/10.
1126/science.aar2269

Geppert, C., Cappellari, A., Corcos, D., Caruso, V., Cerretti, P, Mei, M., &
Marini, L. (2022). Temperature and not landscape composition shapes
wild bee communities in an urban environment. Insect Conservation
and Diversity, 16(1), 65-76. https://doi.org/10.1111/icad.12602

Graystock, P., Blane, E. J., McFrederick, Q. S., Goulson, D., & Hughes, W. O.
H. (2016). Do managed bees drive parasite spread and emergence in
wild bees? International Journal for Parasitology: Parasites and Wildlife,
5(1), 64-75. https://doi.org/10.1016/J.1JPPAW.2015.10.001

Hammer, M., & Menzel, R. (1995). Learning and memory in the honey-
bee. The Journal of Neuroscience: The Official Journal of the Society for
Neuroscience, 15(3 Pt 1), 1617-1630. https://doi.org/10.1523/JNEUR
0SCl.15-03-01617.1995

Henry, M., & Rodet, G. (2018). Controlling the impact of the managed hon-
eybee on wild bees in protected areas. Scientific Reports, 8(1), 1-10.
https://doi.org/10.1038/s41598-018-27591-y

Iwasaki, J. M., & Hogendoorn, K. (2022). Mounting evidence that managed
and introduced bees have negative impacts on wild bees: An updated
review. Current Research in Insect Science, 2, 100043. https://doi.org/
10.1016/j.cris.2022.100043

Jarimi, H., Tapia-Brito, E., & Riff, S. (2020). A review on thermoregulation
techniques in honey bees' (Apis mellifera) beehive microclimate and
its similarities to the heating and cooling management in buildings.
Future Cities and Environment, 6(1), 1-8. https://doi.org/10.5334/
FCE.81

Johannsen, C., Senger, D., & Kluss, T. (2021). A digital twin of the social-
ecological system urban beekeeping. In A. Kamilaris, V. Wohlgemuth,
K. Karatzas, & I. N. Athanasiadis (Eds.), Advances and new trends in en-
vironmental informatics. Progress in IS (pp. 193-207). Springer. https://
doi.org/10.1007/978-3-030-61969-5_14

Johnson, A. L., Tauzer, E. C., & Swan, C. M. (2015). Human legacies differen-
tially organize functional and phylogenetic diversity of urban herba-
ceous plant communities at multiple spatial scales. Applied Vegetation
Science, 18(3), 513-527. https://doi.org/10.1111/avsc.12155

Klaus, V. H., & Kiehl, K. (2021). A conceptual framework for urban eco-
logical restoration and rehabilitation. Basic and Applied Ecology, 52,
82-94. https://doi.org/10.1016/j.baae.2021.02.010

BRIISH ¢ 11
Eggg,tggw People and Nature |

Klein, S., Pasquaretta, C.,He, X. J., Perry, C., Sgvik, E., Devaud, J. M., Barron,
A. B., & Lihoreau, M. (2019). Honey bees increase their foraging per-
formance and frequency of pollen trips through experience. Scientific
Reports, 9(1), 1-10. https://doi.org/10.1038/s41598-019-42677-x

Kreider, J. J., Nehrkorn, A., Bansch, S., Kirsch, C., & Westphal, C. (2020).
Honeybees optimize their foraging behaviour in relation to
spatio-temporal changes in nectar and pollen availability. bioRxiv,
2020.07.08.193268 https://doi.org/10.1101/2020.07.08.193268

Lanner, J.,, Unglaub, P, Rohrbach, C., Pachinger, B., Roberts, S., &
Kratschmer, S. (2025). How many bees fit in the city? A spatial eco-
logical case study to conserve urban wild bees. Urban Ecosystems,
28(2), 21. https://doi.org/10.1007/s11252-024-01666-3

Lazaro, A., Miller, A., Ebmer, A. W., Dathe, H. H., Scheuchl, E., Schwarz,
M., Risch, S., Pauly, A., Devalez, J., Tscheulin, T., Gomez-Martinez, C.,
Papas, E., Pickering, J., Waser, N. M., & Petanidou, T. (2021). Impacts
of beekeeping on wild bee diversity and pollination networks in the
Aegean archipelago. Ecography, 44(9), 1353-1365. https://doi.org/
10.1111/ecog.05553

LBKA. (2020). London bee situation. https://www.lbka.org.uk/london.html.
Viewed January 2024.

Liang, H., He, Y. D., Theodorou, P., & Yang, C. F. (2023). The effects of ur-
banization on pollinators and pollination: A meta-analysis. Ecology
Letters, 26(9), 1629-1642. https://doi.org/10.1111/ELE.14277

Lindauer, M., Deneubourg, J.-L., Aron, S., Goss, S., & Pasteels, J. M. (1999).
Collective decisions and cognition in bees. Nature, 397(6718), 400.
https://doi.org/10.1038/17047

Lopéz-Galan, B., & de-Magistris, T. (2025). Exploring consumer prefer-
ences and policy implications in local food systems: Does taste or la-
beling matter in honey? Agricultural and Food Economics, 13(1), 1-20.
https://doi.org/10.1186/540100-025-00347-9/ TABLES/5

Lorenz, S., & Stark, K. (2015). Saving the honeybees in Berlin? A case study
of the urban beekeeping boom. Environmental Sociology, 1(2), 116-
126. https://doi.org/10.1080/23251042.2015.1008383

Lowenstein, D. M., Matteson, K. C., & Minor, E. S. (2015). Diversity of wild
bees supports pollination services in an urbanized landscape. Oecologia,
179(3), 811-821. https://doi.org/10.1007/s00442-015-3389-0

Maclnnis, G., Normandin, E., & Ziter, C. D. (2023). Decline in wild bee spe-
cies richness associated with honey bee (Apis mellifera L.) abundance
in an urban ecosystem. PeerJ, 11, e14699. https://doi.org/10.7717/
peerj.14699

Maclvor, J. S., & Packer, L. (2015). “Bee hotels” as tools for native pollinator
conservation: A premature verdict? PLoS One, 10(3), 1-13. https://
doi.org/10.1371/journal.pone.0122126

MacKell, S., Elsayed, H., & Colla, S. (2023). Assessing the impacts of urban
beehives on wild bees using individual, community, and population-
level metrics. Urban Ecosystems, 26(5), 1209-1223. https://doi.org/
10.1007/511252-023-01374-4

Matsuzawa, T., & Kohsaka, R. (2021). Status and trends of urban beekeep-
ing regulations: A global review. Earth, 2(4), 933-942 MDPI. https://
doi.org/10.3390/earth2040054

Matsuzawa, T., & Kohsaka, R. (2022). A systematic review of urban bee-
keeping regulations of Australia, the United States, and Japan:
Towards evidence-based policy making. Bee World, 99(3), 89-93.
https://doi.org/10.1080/0005772x.2022.2073952

Matteucci, L. (2022). That buzz on city rooftops? Beekeeping is going corpo-
rate. Bloomberg.

Maurer, C., Schauer, A., Yaiez, O., Neumann, P., Gajda, A., Paxton, R. J.,
Pellissier, L., Schweiger, O., Szentgyorgyi, H., Vanbergen, A. J., &
Albrecht, M. (2024). Species traits, landscape quality and floral
resource overlap with honeybees determine virus transmission
in plant-pollinator networks. Nature Ecology & Evolution, 8, 1-13.
https://doi.org/10.1038/s41559-024-02555-w

Mawardii, A. (2023). City bosses warned against office beehives over eco con-
cerns. The Telegraph.

Mitchell, D. (2016). Ratios of colony mass to thermal conductance of
tree and man-made nest enclosures of Apis mellifera: Implications

85US017 SUOLULIOD 9A1I.D) 3{cedl[dde au Aq peusenob afe sapie VO ‘8sn JO Sa|nJ Joj Akeuqi8UIIUO AS]IAN UO (SUOTHPUOD-PUe-SWLBIA0D" A 1M ARe.q [BUUO//:SdY) SUONIPUOD pUe SIS 1 8L 89S *[9202/20/£2] Uo AriqiTauljuo AS (1M o iuepeyy ayos1ieziemuyds Aq 9520, sUed/z00T 0T/I0p/wod A3 1M AeIq1jeuluo's euIno saqy/:sdny wouy pepeojumod ‘0 ‘YTE8S.SE


https://doi.org/10.1016/J.BAAE.2024.06.002
https://doi.org/10.1016/J.BAAE.2024.06.002
https://doi.org/10.1111/jbi.13772
https://doi.org/10.1111/jbi.13772
https://doi.org/10.1038/nature12977
https://doi.org/10.1038/nature12977
https://doi.org/10.1002/ecy.3526
https://doi.org/10.1007/978-3-030-13947-6_4
https://doi.org/10.1007/978-3-030-13947-6_4
https://doi.org/10.1126/science.aar2269
https://doi.org/10.1126/science.aar2269
https://doi.org/10.1111/icad.12602
https://doi.org/10.1016/J.IJPPAW.2015.10.001
https://doi.org/10.1523/JNEUROSCI.15-03-01617.1995
https://doi.org/10.1523/JNEUROSCI.15-03-01617.1995
https://doi.org/10.1038/s41598-018-27591-y
https://doi.org/10.1016/j.cris.2022.100043
https://doi.org/10.1016/j.cris.2022.100043
https://doi.org/10.5334/FCE.81
https://doi.org/10.5334/FCE.81
https://doi.org/10.1007/978-3-030-61969-5_14
https://doi.org/10.1007/978-3-030-61969-5_14
https://doi.org/10.1111/avsc.12155
https://doi.org/10.1016/j.baae.2021.02.010
https://doi.org/10.1038/s41598-019-42677-x
https://doi.org/10.1101/2020.07.08.193268
https://doi.org/10.1007/s11252-024-01666-3
https://doi.org/10.1111/ecog.05553
https://doi.org/10.1111/ecog.05553
https://www.lbka.org.uk/London.Html
https://doi.org/10.1111/ELE.14277
https://doi.org/10.1038/17047
https://doi.org/10.1186/S40100-025-00347-9/TABLES/5
https://doi.org/10.1080/23251042.2015.1008383
https://doi.org/10.1007/s00442-015-3389-0
https://doi.org/10.7717/peerj.14699
https://doi.org/10.7717/peerj.14699
https://doi.org/10.1371/journal.pone.0122126
https://doi.org/10.1371/journal.pone.0122126
https://doi.org/10.1007/S11252-023-01374-4
https://doi.org/10.1007/S11252-023-01374-4
https://doi.org/10.3390/earth2040054
https://doi.org/10.3390/earth2040054
https://doi.org/10.1080/0005772x.2022.2073952
https://doi.org/10.1038/s41559-024-02555-w

CASANELLES-ABELLAET AL.

—|—12 Eé‘é‘ﬂ'ﬂﬁﬁm P 1 dN
Sy - Feople an ature

for survival, clustering, humidity regulation and varroa destructor.
International Journal of Biometeorology, 60(5), 629-638. https://doi.
org/10.1007/500484-015-1057-Z/METRICS

Mouillard-Lample, L., Gonella, G., Decourtye, A., Henry, M., & Barnaud, C.
(2023). Competition between wild and honey bees: Floral resources
as a common good providing multiple ecosystem services. Ecosystem
Services, 62, 101538. https://doi.org/10.1016/j.ecoser.2023.101538

Ostrom, E. (2008). Tragedy of the commons. In S. N. Durlauf & L. E. Blume
(Eds.), The new palgrave dictionary of economics (2nd ed.). Palgrave
Macmillan. https://doi.org/10.1057/978-1-349-95121-5_2047-1

Page, M. L., Francis, J. S., Miiller, U., & Williams, N. M. (2024). Wildflower
plantings and honeybee competition impact nutritional quality of
wild bee diets. Journal of Applied Ecology, 61(12), 3104-3113. https://
doi.org/10.1111/1365-2664.14813

Page, M. L., & Williams, N. M. (2023a). Honey bee introductions displace
native bees and decrease pollination of a native wildflower. Ecology,
104(2), €3939. https://doi.org/10.1002/ECY.3939

Page, M. L., & Williams, N. M. (2023b). Evidence of exploitative compe-
tition between honey bees and native bees in two California land-
scapes. Journal of Animal Ecology, 92(9), 1802-1814. https://doi.org/
10.1111/1365-2656.13973

Park, D.S., Xie, Y., Ellison, A. M., Lyra, G. M., & Davis, C. C. (2023). Complex
climate-mediated effects of urbanization on plant reproductive phe-
nology and frost risk. New Phytologist, 239(6), 2153-2165. https://
doi.org/10.1111/NPH.18893

Parlow E, Fehrenbach U, Scherer D. 2010. Klimaanalyse der Stadt Zurich
(KLAZ) (p. 76).

Parrefio, M. A, Alaux, C., Brunet, J. L., Buydens, L., Filipiak, M., Henry, M.,
Keller, A., Klein, A. M., Kuhlmann, M., Leroy, C., Meeus, |., Palmer-
Young, E., Piot, N., Requier, F., Ruedenauer, F., Smagghe, G., Stevenson,
P.C., & Leonhardt, S. D. (2022). Critical links between biodiversity and
health in wild bee conservation. Trends in Ecology & Evolution, 37(4),
309-321. https://doi.org/10.1016/j.tree.2021.11.013

Piché-Mongeon, V., & Guzman-Novoa, E. (2024). Pathogen spillover from
honey bees (Apis mellifera L.) to wild bees in North America. Discover
Animals, 1(1), 1-18. https://doi.org/10.1007/S44338-024-00034-X

Pike, W. A., & Rittschof, C. C. (2025). Honey bee (Apis mellifera L.) and
wild bee resource competition: How big is this problem? Integrative
and Comparative Biology, 65, 893-918. https://doi.org/10.1093/1CB/
ICAF072

Prendergast, K. S., & Ollerton, J. (2021). Impacts of the introduced
European honeybee on Australian bee-flower network properties in
urban bushland remnants and residential gardens. Austral Ecology, 1,
1-19. https://doi.org/10.1111/aec.13040

Quiralte, D., Zarzo, |., Fernandez-Zamudio, M. A., Barco, H., & Soriano, J. M.
(2023). Urban honey: A review of its physical, chemical, and Biological
parameters that connect it to the environment. Sustainability, 15(3),
2764. https://doi.org/10.3390/SU15032764

Renner, S. S., Graf, M. S., Hentschel, Z., Krause, H., & Fleischmann, A.
(2021). High honeybee abundances reduce wild bee abundances on
flowers in the city of Munich. Oecologia, 195(3), 825-831. https://doi.
org/10.1007/s00442-021-04862-6

Requier, F., Abdelli, M., Baude, M., Genoud, D., Gens, H., Geslin, B., Henry,
M., & Ropars, L. (2024). Neglecting non-bee pollinators may lead to
substantial underestimation of competition risk among pollinators.
Current Research in Insect Science, 6, 100093. https://doi.org/10.
1016/J.CRIS.2024.100093

Ropars, L., Dajoz, I., Fontaine, C., Muratet, A., & Geslin, B. (2019). Wild
pollinator activity negatively related to honey bee colony densities in
urban context. PLoS One, 14(9), e0222316. https://doi.org/10.1371/
journal.pone.0222316

Russo, L., de Keyzer, C. W., Harmon-Threatt, A. N., LeCroy, K. A., & Maclvor,
J. S. (2021). The managed-to-invasive species continuum in social
and solitary bees and impacts on native bee conservation. Current
Opinion in Insect Science, 46, 43-49. https://doi.org/10.1016/j.cois.
2021.01.001

Segal, d. (2023). The beekeepers who Don't want you to buy more bees. The
New York Times.

Senatsverwaltung fir Umwelt, Verkehr und Klimaschutz. (2019). Strategie
zum Schutz und zur Férderung von Bienen und anderen Bestdubern in
Berlin. https://www.berlin.de/sen/uvk/natur-und-gruen/biologisch
e-vielfalt/publikationen/#12a/

Sexton, A. N., Benton, S., & Emery, S. M. (2023). Urbanization and plant
diversity influence different aspects of floral phenology. Urban
Ecosystems, 26(2), 517-524. https://doi.org/10.1007/511252-022-
01326-4/FIGURES/3

Silva, V. H. D., Gomes, I. N., Cardoso, J. C. F., Bosenbecker, C., Silva, J. L. S.,
Cruz-Neto, O., Oliveira, W., Stewart, A. B., Lopes, A. V., & Maruyama,
P. K. (2023). Diverse urban pollinators and where to find them.
Biological Conservation, 281, 110036. https://doi.org/10.1016/J.
BIOCON.2023.110036

Sponsler, D., lverson, A., & Steffan-Dewenter, |. (2023). Pollinator com-
petition and the structure of floral resources. Ecography, 2023(9),
e06651. https://doi.org/10.1111/ecog.06651

Sponsler, D. B., & Bratman, E. Z. (2021). Beekeeping in, of or for the city?
A socioecological perspective on urban apiculture. People and Nature,
3(3), 550-559. https://doi.org/10.1002/pan3.10206

Stadt Zurich. (2025). Fragen und Antworten | Stadt Zurich. https://www.
stadt-zuerich.ch/de/umwelt-und-energie/natur/tiere-in-der-stadt/
wildbienen/fragen-und-antworten.html

Stange, E. E., Zulian, G., Rusch, G. M., Barton, D. N., & Nowell, M. (2017).
Ecosystem services mapping for municipal policy: ESTIMAP and zon-
ing for urban beekeeping. One Ecosystem, 2, e14014. https://doi.org/
10.3897/ONEECO.2.E14014

Steffan-Dewenter, |., & Tscharntke, T. (2000). Resource overlap and pos-
sible competition between honey bees and wild bees in central
Europe. Oecologia, 122(2), 288-296. https://doi.org/10.1007/s0044
20050034

Stevenson, P. C., Bidartondo, M. 1., Blackhall-Miles, R., Cavagnaro, T. R.,
Cooper, A., Geslin, B., Koch, H., Lee, M. A., Moat, J., O'Hanlon, R,,
Sjéman, H., Sofo, A, Stara, K., & Suz, L. M. (2020). The state of the
world's urban ecosystems: What can we learn from trees, fungi, and
bees? Plants, People, Planet, 2(5), 482-498. https://doi.org/10.1002/
ppp3.10143

Strube-Bloss, M. F., & Réssler, W. (2018). Multimodal integration and stim-
ulus categorization in putative mushroom body output neurons of
the honeybee. Royal Society Open Science, 5(2), 171785. https://doi.
org/10.1098/RS0OS.171785

Swan, C. M., Johnson, A., & Nowak, D. J. (2017). Differential organization
of taxonomic and functional diversity in an urban woody plant meta-
community. Applied Vegetation Science, 20(1), 7-17. https://doi.org/
10.1111/avsc.12266

Tew, N. E., Baldock, K. C. R., Vaughan, I. P, Bird, S., & Memmott, J. (2022).
Turnover in floral composition explains species diversity and tempo-
ral stability in the nectar supply of urban residential gardens. Journal
of Applied Ecology, 59, 801-811. https://doi.org/10.1111/1365-2664.
14094

Tew, N. E., Memmott, J., Vaughan, I. P, Bird, S., Stone, G. N., Potts, S. G.,
& Baldock, K. C. R. (2021). Quantifying nectar production by flow-
ering plants in urban and rural landscapes. Journal of Ecology, 109(4),
1747-1757. https://doi.org/10.1111/1365-2745.13598

Thomson, D. (2004). Competitive interactions between the invasive
European honey bee and native bumble bees. Ecology, 85(2), 458-
470. https://doi.org/10.1890/02-0626

Turner, A. (2021). This article is more than 3years old ‘honeybees are vo-
racious’: Is it time to put the brakes on the boom in beekeeping? The
Guardian.

Turo, K. J, Spring, M. L. R, Sivakoff, F. S., de la Delgado flor, Y. A, &
Gardiner, M. M. (2021). Conservation in post-industrial cities: How
does vacant land management and landscape configuration influence
urban bees? Journal of Applied Ecology, 58(1), 58-69. https://doi.org/
10.1111/1365-2664.13773

85UB01 SUOWIWOD SISO 3|0l jdde 3Ly Aq peun0b a1 S3pIE YO ‘38N JO S3|NJ 104 AIq 1T UIIUO AB] 1M UO (SUORIPLIOD-PU-SWBIALOD" A3 | 1M AReq 1 U UO//SARY) SUORIPUOD Pue SW L 3Ly 885 *[9202/20/62] U0 Arigiauiiuo AB|IM ‘1od siwepesy 8ydsLiezemyds Ag 9520, €ued/z00T 0T/10p/L0D" A In Arelqpul|uo s euInoseq//sdny Wwouj papeojumoq ‘0 ‘¥TE8S.SC


https://doi.org/10.1007/S00484-015-1057-Z/METRICS
https://doi.org/10.1007/S00484-015-1057-Z/METRICS
https://doi.org/10.1016/j.ecoser.2023.101538
https://doi.org/10.1057/978-1-349-95121-5_2047-1
https://doi.org/10.1111/1365-2664.14813
https://doi.org/10.1111/1365-2664.14813
https://doi.org/10.1002/ECY.3939
https://doi.org/10.1111/1365-2656.13973
https://doi.org/10.1111/1365-2656.13973
https://doi.org/10.1111/NPH.18893
https://doi.org/10.1111/NPH.18893
https://doi.org/10.1016/j.tree.2021.11.013
https://doi.org/10.1007/S44338-024-00034-X
https://doi.org/10.1093/ICB/ICAF072
https://doi.org/10.1093/ICB/ICAF072
https://doi.org/10.1111/aec.13040
https://doi.org/10.3390/SU15032764
https://doi.org/10.1007/s00442-021-04862-6
https://doi.org/10.1007/s00442-021-04862-6
https://doi.org/10.1016/J.CRIS.2024.100093
https://doi.org/10.1016/J.CRIS.2024.100093
https://doi.org/10.1371/journal.pone.0222316
https://doi.org/10.1371/journal.pone.0222316
https://doi.org/10.1016/j.cois.2021.01.001
https://doi.org/10.1016/j.cois.2021.01.001
https://www.berlin.de/sen/uvk/natur-und-gruen/biologische-vielfalt/publikationen/#12a/
https://www.berlin.de/sen/uvk/natur-und-gruen/biologische-vielfalt/publikationen/#12a/
https://doi.org/10.1007/S11252-022-01326-4/FIGURES/3
https://doi.org/10.1007/S11252-022-01326-4/FIGURES/3
https://doi.org/10.1016/J.BIOCON.2023.110036
https://doi.org/10.1016/J.BIOCON.2023.110036
https://doi.org/10.1111/ecog.06651
https://doi.org/10.1002/pan3.10206
https://www.stadt-zuerich.ch/de/umwelt-und-energie/natur/tiere-in-der-stadt/wildbienen/fragen-und-antworten.html
https://www.stadt-zuerich.ch/de/umwelt-und-energie/natur/tiere-in-der-stadt/wildbienen/fragen-und-antworten.html
https://www.stadt-zuerich.ch/de/umwelt-und-energie/natur/tiere-in-der-stadt/wildbienen/fragen-und-antworten.html
https://doi.org/10.3897/ONEECO.2.E14014
https://doi.org/10.3897/ONEECO.2.E14014
https://doi.org/10.1007/s004420050034
https://doi.org/10.1007/s004420050034
https://doi.org/10.1002/ppp3.10143
https://doi.org/10.1002/ppp3.10143
https://doi.org/10.1098/RSOS.171785
https://doi.org/10.1098/RSOS.171785
https://doi.org/10.1111/avsc.12266
https://doi.org/10.1111/avsc.12266
https://doi.org/10.1111/1365-2664.14094
https://doi.org/10.1111/1365-2664.14094
https://doi.org/10.1111/1365-2745.13598
https://doi.org/10.1890/02-0626
https://doi.org/10.1111/1365-2664.13773
https://doi.org/10.1111/1365-2664.13773

CASANELLES-ABELLAET AL.

Vaudo, A. D., Dyer, L. A., & Leonard, A. S. (2024). Pollen nutrition struc-
tures bee and plant community interactions. Proceedings of the
National Academy of Sciences of the United States of America, 121(3),
€2317228120. https://doi.org/10.1073/PNAS.2317228120/SUPPL _
FILE/PNAS.2317228120.SD0O2.TXT

Vaudo, A. D., Farrell, L. M., Patch, H. M., Grozinger, C. M., & Tooker, J.
F. (2018). Consistent pollen nutritional intake drives bumble bee
(Bombus impatiens) colony growth and reproduction across different
habitats. Ecology and Evolution, 8(11), 5765-5776. https://doi.org/10.
1002/ece3.4115

Vaudo, A. D., Tooker, J. F., Grozinger, C. M., & Patch, H. M. (2015). Bee
nutrition and floral resource restoration. Current Opinion in Insect
Science, 10, 133-141. https://doi.org/10.1016/j.cois.2015.05.008

Weston, P. (2021). M&S faces backlash over plan to release 30m honeybees.
The Guardian.

Wignall, V. R., Campbell Harry, ., Davies, N. L., Kenny, S. D., McMinn, J. K.,
& Ratnieks, F. L. W. (2020). Seasonal variation in exploitative com-
petition between honeybees and bumblebees. Oecologia, 192(2),
351-361. https://doi.org/10.1007/s00442-019-04576-w

Young, M., Tanguay, G. A., MacGregor, G., & Rajaonson, J. (2024).
Determinants of honeybee hive survival and its implications for
urban biodiversity in Toronto and Montreal: A Canadian case study.
Landscape and Urban Planning, 247, 105066. https://doi.org/10.
1016/J.LANDURBPLAN.2024.105066

BRITISH 13
Eggg,tggw People and Nature | v

Zaninotto, V., Thebault, E., & Dajoz, I. (2023). Native and exotic plants
play different roles in urban pollination networks across seasons.
Oecologia, 201(2), 525-536. https://doi.org/10.1007/S00442-023-
05324-X/FIGURES/3

SUPPORTING INFORMATION

Additional supporting information can be found online in the
Supporting Information section at the end of this article.

Text S1. Data on the distribution of beehives per beekeeping actor.
Text S2. Data on the growth patterns of urban beekeeping.

Text S3. Overview of available tools.

How to cite this article: Casanelles-Abella, J., Baldock, K.,
Leonhardt, S. D., Moretti, M., Patterson, M., & Egerer, M.
(2026). When honeybees come to town: Critical aspects of
urban beekeeping and opportunities for regulation. People
and Nature, 00, 1-13. https://doi.org/10.1002/pan3.70256

85US017 SUOLULIOD 9A1I.D) 3{cedl[dde au Aq peusenob afe sapie VO ‘8sn JO Sa|nJ Joj Akeuqi8UIIUO AS]IAN UO (SUOTHPUOD-PUe-SWLBIA0D" A 1M ARe.q [BUUO//:SdY) SUONIPUOD pUe SIS 1 8L 89S *[9202/20/£2] Uo AriqiTauljuo AS (1M o iuepeyy ayos1ieziemuyds Aq 9520, sUed/z00T 0T/I0p/wod A3 1M AeIq1jeuluo's euIno saqy/:sdny wouy pepeojumod ‘0 ‘YTE8S.SE


https://doi.org/10.1073/PNAS.2317228120/SUPPL_FILE/PNAS.2317228120.SD02.TXT
https://doi.org/10.1073/PNAS.2317228120/SUPPL_FILE/PNAS.2317228120.SD02.TXT
https://doi.org/10.1002/ece3.4115
https://doi.org/10.1002/ece3.4115
https://doi.org/10.1016/j.cois.2015.05.008
https://doi.org/10.1007/s00442-019-04576-w
https://doi.org/10.1016/J.LANDURBPLAN.2024.105066
https://doi.org/10.1016/J.LANDURBPLAN.2024.105066
https://doi.org/10.1007/S00442-023-05324-X/FIGURES/3
https://doi.org/10.1007/S00442-023-05324-X/FIGURES/3
https://doi.org/10.1002/pan3.70256

	When honeybees come to town: Critical aspects of urban beekeeping and opportunities for regulation
	Abstract
	1  |  INTRODUCTION
	2  |  URBAN WILD BEE DIVERSITY
	3  |  URBAN HONEYBEES
	4  |  BEEKEEPING ACTORS AND BEEKEEPING PRACTICES IN CITIES
	5  |  CRITICAL SOCIAL-ECOLOGICAL ASPECTS
	5.1  |  Rapid growth of urban beekeeping and honeybee populations
	5.2  |  Asymmetries in the distribution of urban beekeeping
	5.3  |  Disrupted thermal balances
	5.4  |  Knowledge and perceptions on urban floral resources
	5.5  |  Competition for floral resources
	5.6  |  Health management and disease transmission

	6  |  ECOLOGICAL CONSEQUENCES OF AN ASYMMETRIC, OPEN-ACCESS SITUATION
	7  |  OPPORTUNITIES FOR SOCIAL-ECOLOGICAL REGULATION
	7.1  |  Social-ecological context
	7.2  |  Mitigation measures
	7.3  |  Co-creation and co-design
	7.4  |  Implementation

	8  |  CONCLUSIONS
	AUTHOR STATEMENT
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


