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Abstract

Abstract

Honey bees are major pollinators, influencing ecological relationships, genetic
diversity in the plant kingdom, and ecosystem conservation and stability. In agroforestry
systems, these organisms are essential for crop pollination and can be an important source
of local’s livelihoods such as the production of honey and beeswax. Their importance has
been raised as an easily comprehended example of the ecosystem service brought by
nature in the context of conservation of biodiversity. In a report published by the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES) (Potts et al. 2016), the economic value of the pollinating service of honeybees is
estimated to be up to 577 billion dollars, highlighting its importance particularly in the

context of “Nature’s Contribution to People” (NCP).

However, despite their socio-ecological importance, there has been a decline in
honey bee colonies over the last decade. The decline of the pollination function has been
a major concern globally in social, economic, and environmental aspects, which in turn
resulted in renewed interest in honey bees. There is now growing evidence that
beekeeping in urban spaces might be more beneficial for their survival due to the reduced
exposure to agricultural pesticides and limited assortment of plants for foraging. In
addition, urban beekeeping has gained salience because of its significance in biodiversity

conservation, food production, and community building.

In recent years, the number of municipalities that are actively adopting urban
beekeeping as part of their environmental policies is increasing. As beekeeping practices
in urban areas increase, concerns from local residents have also grown, which stemmed
mainly from safety concerns and property disputes by neighbors. Thus, rules and
regulations of urban beekeeping are set aiming to maximize profits while minimizing the

risks. However, to date, there are limited number of municipalities or other governmental

-8 -



Abstract

bodies that have set rules for urban beekeeping, and in cases with existing regulations, it

is not clear whether it is evidence-based.

This work highlights these knowledge gaps by conducting a mix-method approach
to identify how urban beekeeping functions and what are the existing legal regulations,
which are still limited globally despite being an essential part of streamlining urban
beekeeping practice. Specifically, this study conducted a comprehensive systematic
review (global and countries to municipality level) of existing urban beekeeping
regulations, empirical analysis of bees’ flight behaviors, and environmental DNA analysis.
These analyses aim to provide insights and suggestions for the future of urban beekeeping
regulations. An overview and the list of associated publications of this dissertation are
shown in Figure 1 and Table 1, respectively. The contents of each chapter are summarized

as follows:

Empérical Anal f Lirban Beskesping Regulations and
5 Ta3NCe WidiEn ad Policy f-.-1._1|--n|_;-_'-

Figure 1. Overview of the research dissertation.
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Abstract

Table 1. List of peer-reviewed publications associated with each chapter.

Chapter Corresponding Publication

2.1 Matsuzawa, T.; Kohsaka, R. 2021. Status and Trends of Urban Beekeeping
Regulations: A Global Review. Earth, 2(4), 933 - 942. DOI:
10.3390/earth2040054

4 Matsuzawa, T.; Kohsaka, R. 2022. Preliminary Experimental Trial of Effects
of Lattice Fence Installation on Honey Bee Flight Height as Implications for
Urban Beekeeping Regulations. Land, 11(1), 19. DOI: 10.3390/1and11010019

5 Matsuzawa, T.; Kohsaka, R.; Uchiyama, Y. 2020. Application of
Environmental DNA: Honey Bee behavior and Ecosystems for Sustainable

Beekeeping. In Modern Beekeeping-Bases for Sustainable Production; In
Tech Open: Rijeka, Croatia. DOI: 10.5772/intechopen.92717

Chapter 1 — Introduction. This chapter presents the research background and
framework of this study. Humankind has long used the honey, beeswax, and royal jelly
produced by honeybees. At the same time, honeybees and other flower-visiting insects
have provided enormous benefits to mankind through their pollination function. In recent
years, urban beekeeping has been expanding worldwide, but it has only been in the past
20 years or so that beekeeping has flourished in urban areas around the world (e.g.,
London, New York). In Japan, beekeeping began in Ginza in 2006 and has now expanded
to over 100 locations. The significant ecosystem services provided by beekeeping,
coupled with the spread of urban agriculture and the occurrence of Colony Collapse
Disorder (CCD), have led to expansion of urban beekeeping practice in the world. This,
in turn, raised certain negative aspects of urban beekeeping such as interspecific
competition with native flowering insects. There has been little research on the benefits
and risks of urban beekeeping, particularly studies on the regulations and governance of
urban beekeeping. Thus, there is a need to increase efforts to maximize the benefits while
minimizing the risks of urban beekeeping through the application of suitable rules and
regulations. This study focused on the governance of urban beekeeping, specifically the

rules that are based on evidence, in an effort to address the above-mentioned issues, and
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analyzed and discussed them by combining social science and natural science (mix-

method) approaches.

Chapter 2 — Review of Current Status and Trends of Urban Beekeeping. To date,
urban beekeeping is practiced globally on all continents except for Antarctica. However,
there are limited integrated and organized sources of information regarding beekeeping
regulations and governance despite practical and academic demands. There is mounting
evidence of the negative impacts of urban beekeeping on ecosystem services. Governance
is critical for minimizing these negative aspects while maximizing the positive aspects of
urban beekeeping. Thus, there is a need to understand the regulations, which face critical
governance challenges, and summarize points to achieve sustainable urban beekeeping.
This chapter presents two comprehensive systematic reviews conducted at global and
country-specific (Japan) scales on the current status and trends of urban keeping are
presented. Chapter 2.1 discusses a global overview of official (and partially informal or
voluntary) regulations related to urban beekeeping (Matsuzawa and Kohsaka, 2021).
Results showed that there were about 10 types of regulatory items on urban beekeeping,
and most of them were geared towards the safety of urban residents. There were cases
where non-government organizations (NGOs) established their own guidelines to
complement the rules established by the government. Meanwhile, Chapter 2.2 reflects the
current status and regulations of urban beekeeping in Japan. There were few laws and
regulations on beekeeping identified in the country, and, in general, there were no laws
and regulations targeting honeybees that ensure the safety of urban dwellers and the

conservation of biodiversity.

Chapter 3 — Evidence-Based Regulations. In this chapter, a social science
approach was used to review if the existing rules of urban beekeeping and beekeeping in

the United States, Australia, and Japan were evidence-based. Results showed that the
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development of rules for urban beekeeping was relatively advanced in Australia,
developed in limited number of cities (particularly with larger populations) in the United
States, and almost non-existent in Japan. Current regulations in urban beekeeping in the
United States and Australia included items such as the number of hives that could be
installed, hive density, installation of barriers, distance to property boundaries (setbacks),
and water supply. These were often regulated with concrete numerical parameters,
however, the scientific bases of these parameters were not confirmed. In general, the
findings indicated that the regulatory requirements for urban beekeeping or apiculture,

although often accompanied by numerical regulations, lack scientific evidences.

Chapter 4 — Effects of Lattice Fence Installations. There is an increasing trend
of municipalities adopting urban beekeeping as part of their environmental policies, yet,
the practice received growing concerns from local residents due to safety and property
disputes. This, in turn, led to the establishment of suitable rules and regulations that
maximize profits while minimizing the risks such as nuisances. However, to date, the
effectiveness of these regulatory items in urban beekeeping is not well studied. Thus, this
chapter (Matsuzawa and Kohsaka, 2022) provides insights into this gap by presenting an
experiment of the effects of fences and setbacks on honey bee flight height, as these are
frequently set within the regulations of urban beekeeping. Since current measurements of
flight heights of insects are still in progress, this chapter also provided methodological
implications of using 3D laser scanners, which are non-destructive, do not attach
observers to the insects, and can accurately acquire a large amount of data in a short time,

to localize the bees.

Chapter 5 — Potential of Environmental DNA Analysis. Urban beekeeping is
gaining attention in terms of various aspects including ecosystem diversity and genetic

diversity of honeybees. Yet, the promotion of urban beekeeping lacks scientific evidence
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of the behavior of urban honeybee, which is a concerning issue. To provide scientific
evidence, environmental DNA (e-DNA) analysis can be utilized to detect the detail of
nectar sources. Identification of honey-source plants with the e-DNA analysis technique
has been applied since around 2010. It has some advantages over the conventional pollen
analysis, though, it is not yet fully verified that it can demonstrate a level of contribution
of'each honey-source plant accurately. In this regard, this chapter (Matsuzawa et al., 2020)
presents the potential application of e-DNA analysis to urban beekeeping regulations,
particularly in verifying the general trends of honey origins. The discussions presented in
this chapter can be applied to other cases and contribute to accumulating the scientific

evidence for making relevant policies of urban beekeeping.

Chapter 6 — Conclusions. This chapter serves as the final concluding remarks
based on the empirical analyses of urban beekeeping regulations and governance. Overall
trends showed that urban beekeeping has six functions namely: pollination, biological
conservation, pest control, safety, apicultural products, and community formation.
Globally, though there is an increasing number of countries with developed regulatory
items of urban beekeeping, there are limited numbers with regulations based on scientific
evidence. In Japan, there are no legal rules for urban beekeeping identified, and the
governance of general beekeeping is weak, causing difficulties to collect the information
necessary for proper governance. There is a need to establish evidence-based rules that
correspond to the six functions of urban beekeeping. In Japan, it would be effective to
formulate ordinances and guidelines at the prefectural level and, if necessary, guidelines
by NGOs. Future studies could also look into socio-ecological contexts of urban
beekeeping such as examining the potential aspects of collaborations among different
stakeholders in the context of pollinator conservation, biodiversity monitoring, and

management practices.
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Chapter 1. Introduction

Chapter 1. Introduction

1.1. Research Background

Honeybees are integral for both honey producers and for agricultural crops as they
function as pollinators (Klein et al., 2007). For instance, in Canada, beekeepers are
reimbursed for their service to provide pollination services for hybrid canola seed
productions (Hoover and Ovinge, 2018). Their importance has been raised as an easily
comprehended example for the public of the ecosystem service brought by nature in the
context of conservation of biodiversity. In the engagement of the report of “The
Economics of Ecosystem and Biodiversity (TEEB),” attempts have been made to quantify
(and if possible, monetize) various services of the ecosystem, and as such, the importance
of the pollinating function is described as “five times value of the production of honey”
(Sukhdev et al., 2010). In the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES), the phrase “Nature’s Contribution to People (NCP) has
been advocated instead of the services of the ecosystem.” In a report published by the
IPBES (Potts et al., 2016), the economic value of the pollinating service of honeybees is

estimated to be up to 577 billion dollars, highlighting its importance.

Despite their socio-ecological importance, there has been a decline in bee colonies
over the last decade, which renewed the interest on honey bees, particularly in relation to
Colony Collapse Disorder (CCD) (Watson and Stallins, 2016). In the United States,
roughly one-third of the honeybees kept for pollination were lost from 2007 to 2008,
causing a major concern (vanEngelsdorp et al., 2009). Similar phenomena were reported
in Europe, Germany, Belgium, France, Holland, Poland, Spain, Brazil, India, Taiwan, and
Japan (Barnett, 2011; Dixon, 2012; Lorenz and Stark, 2015; Moore and Kosut, 2013;

Ropars et al., 2019). Neonicotinoid agrochemicals are identified as one of the possible
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1.1. Research Background

causes of the disorder (Woodcock et al., 2016), thus, they are restricted in EU countries
(Stokstad, 2018). Though a number of theories have been put forward to address the
causes of CCD, including agrichemicals, infections, malnutrition, electromagnetic waves,
and genetically modified crops, the mechanism of CCD has not been fully understood to

date.

The decline of the pollination function has been a major concern socially,
economically, and scientifically. In the report, which pointed out the decrease of
pollinators and their related pollinating services, some examples of research into the
decline of pollinators and related vegetation were showcased as a global concern (Klein
et al., 2007). This, in turn, resulted in the global expansion of urban keeping (Moore and
Kosut, 2013), and scientists have argued that keeping bees in urban spaces might be more
beneficial for their survival due to the reduced exposure to agricultural pesticides and
limited assortment of plants for foraging (Askham, 2013; Henry et al., 2012). Urban
beekeeping has gained salience because of its significance in biodiversity conservation,
food production, and community building in urban areas (Baldock, 2020; Egerer and

Kowarik, 2020; Skelton, 2006).

There is historical evidence that urban beekeeping has been practiced in the
Mediterranean for 3,000 years (Mavrofridis, 2018), but it is only recently that it has
become a worldwide practice (Lorenz and Stark, 2015; Sponsler and Bratman, 2021).
Since 2005, urban beekeeping began to expand in various European countries before
spreading into North America, Asia, Latin America, and Africa (Dixon, 2012). In Palais
Garnier of the Paris Opera, beekeeping has been practiced on for the last 30 years, and it
is currently seen in various landmark locations in the city such as Orsay Museum and
Grand Palais (Lichterman, 2018; Mavrofridis, 2018). In the United Kingdom, it has

increased by 200% between 1999 and 2006 (Barnett, 2011), while in New York, the
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Chapter 1. Introduction

number of beehives kept has gone up to 10 times since 2010 (New York City Beekeepers

Association, 2018). In Paris, over 700 bee colonies are in existence (Mullins, 2018).

In Japan, the oldest record of beekeeping and honey production can be traced back
to the 7th century in the “Chronicles of Japan (Nihon Shoki),” where there is a description
that some Koreans attempted beekeeping on Mt. Miwa using four sheets of honeycomb
but failed (Sasaki, 1999). There is a record during 739 of honey being listed as one of the
offerings from Korea, along with other products such as those made from panthers and
ginseng, which implies that honey was treated as a precious imported item (Japan
Beekeeping Association, 2019). Entering the 900s, a record was found that honey and
comb honey were presented to the Imperial Court from various countries. Considering
the volume of honey presented from each prefecture was around 2—4 liters, it is thought
that it was an extremely valuable commodity (Japan Beekeeping Association, 2019). “The
Tale of Genji (Genji Monogatari),” the oldest novel in the world written in 1008,
describes how honey was used as one of the ingredients to make incense. With the
advancement of research into honey production during the Edo-era (after 1600),
educational books explaining the beekeeping technology accompanied by illustrations,
which showed the process of beekeeping and honey production began to be published

(Figure 1.1, 1.2).
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1.1. Research Background

Figure 1.1. Beekeeping in Japan during the Edo period. Image photographed from the “Noted

products from Land and Sea of Japan in Pictures (Nihon Sankai Meisan Zue), 1799.”

Figure 1.2. Beekeeping process and honey production in Japan during the Edo period. The texts in

the image, which described the names of individual tools and production processes, were written in

an ancient language. Image photographed from “The Honey Catalogue (Hachimitsu Ichiran), 1873.”
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In addition to honey production, urban beekeeping is thought to be contributing
to the conservation of biodiversity by compensating for the function of the indigenous
pollinators such as Apis cerana that had decreased due to the development of the natural
environment over the years. In fact, in the surrounding areas of the Imperial Palace in
Tokyo, known for the cherry blossoms, more cherry fruits have been observed after the
blossoms. This suggests that the increase of urban beekeeping near the Imperial Palace

can be a potential factor.

It is generally understood that urban beekeeping has a greater role in improving
quality of life as it provides a form of hobby and a communication tool, in addition to the
function of honey production and pollinating. In fact, commercial beekeeping is rare in
urban areas, and for the most part, the number of bee colonies is usually only up to a few
per area. In Japan, NGOs, private companies, and local governments are involved in urban
beekeeping to revitalize civic activities by encouraging collaboration among the residents
and enhancing their understanding of the environment and ecosystem services (Yamada

etal., 2011).

For example, in Ginza, which is on the eastside of the Tokyo railway station, an
NGO called “Ginza Honeybee Project” began urban beekeeping in 2006 using the rooftop
of a building in Ginza (Ginza-Mitsubachi Project, 2008). The project was initiated as a
means for environmental and dietary education, but through the years, its achievements
such as the greening of the urban areas, a large amount of honey collected (producing
around one ton per year), and successful sale of other agricultural and processed products
began to be publicized nationwide as best practice examples of community revitalization.
To date, similar activities have grown and expanded into over 30 cities throughout Japan

(Moriyama, 2011; Yamada et al., 2011).
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Newspaper articles on urban beekeeping in Japan, in general, have grown, from
two articles in 2011 to 16 articles towards the present time. Figure 1.3 presents the number
of newspaper articles with words “urban beekeeping (toshi yoho)” compiled from

database of daily newspaper companies.

mmnber of newspaper amicles

Figure 1.3. Number of newspaper articles with words “urban beekeeping (toshi yoho)” in Japan. Data
were retrieved from: “Kikuzo II Visual” (Asahi Shimbun, Asahi Shimbun Digital, Aera, Shukan
Asahi), “Yomidas Rekishikan” (Yomiuri Shimbun), “Maisaku” (Mainichi Shimbun), “Nikkei
Telecom” (Nihon Keizai Shimbun), and “ELNET” (web-based newspaper article distribution and

search site).

Most of the newspaper articles were about beekeeping on the rooftops of buildings

in large cities such as Tokyo, Sapporo, Osaka, Nagoya, and Fukuoka. These newspaper

articles featured the production and selling of honey as well as positive effect to
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community building such as environmental education and connection with local

communities.

However, despite the increasing trend of urban beekeeping in Japan and elsewhere,
the practice received negative perceptions from local residents, which stemmed from
safety concerns and property disputes (e.g., nuisance, trespass claims) by neighbors,
negligence accusations against beekeepers, and challenges to the legal status of the honey
bee by local communities (Gallay, 2018). For example, improper access to beehives could
lead to stinging incidents. Though, in reality, there are limited number of cases of damage
caused by stings in urban areas with a concentrated population; it is rare for a person to
be stung by honeybees away from beehives in ordinary circumstances (Feés, 2020;
Forrester et al., 2018a, 2018b; NCIS, 2011; Riches et al., 2002). Nonetheless, the sight
and buzzing of large numbers of honeybees kept on a balcony of an apartment would
probably be enough to scare the neighbors, and they may find it dangerous for their
children to play freely outside. Thus, there is a need to establish appropriate rules that
maximize profits while minimizing the risks such as nuisances (Salkin, 2012), which this

overall research aims to address.

1.2. Research Framework

In recent years, increasing numbers of municipalities are actively adopting urban
beekeeping as part of their environmental policies. For instance, in 2019, the German
state of Bayer enacted Bavaria’s nature protection law, which encourages the keeping of
bees in urban areas (Wilk et al., 2019). In Los Angeles and New York, they changed their
respective ordinances to allow urban beekeeping (City News Service, 2015). Moreover,
pollinator-friendly cities, which promote the protection of pollinating insects including

honey bees and the environment, are on the rise (Wilk et al., 2019). London in the United
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Kingdom is one of the most active cities in terms of beekeeping (Rothman, 2015). In the
United States, where honeybees have been regarded as a dangerous species, there has
been a relaxation of restrictions due to gaining momentum of urban beekeeping (City

News Service, 2015).

As beekeeping practices in urban areas increase, concerns from local residents
have also grown (Gallay, 2018). This, in turn, results in a need to establish suitable rules
and regulations that maximize profits while minimizing the risks such as nuisances
(Salkin, 2012). However, to date, there are limited numbers of municipalities or other
governments that have set rules for urban beekeeping (Larson et al., 2020). In the United
States and Australia, where there are relatively more rules for urban beekeeping, there are
approximately 7 to 11 regulatory items (Matsuzawa and Kohsaka, 2021; Salkin, 2012).
Amongst these, some cases have specific standards and criteria set like in “Number of
hives/density,” “Setbacks,” “Installation of barriers,” and “Water supply” (Matsuzawa
and Kohsaka, 2021). Though, it is unclear whether the present regulations are based on

scientific evidence or not, and what measures can be implemented based on science.

This work addresses these knowledge gaps by following a mix-method
(combining social science and natural science approaches) research framework (Figure
1.4). Specifically, this study aims to (1) identify how urban beekeeping function and what
are the existing legal regulations and (2) provide insights and suggestions for future of
urban beekeeping regulations. The first research objective is answered by conducting
global and country-specific (Japan) systematic reviews of urban beekeeping regulations
to obtain a global or national overview of official regulations (including partially informal
voluntary). Such review can evaluate how rules and functions correspond to each other
and identify the appropriateness of urban beekeeping regulations in Japan. The second

research objective is addressed by conducting empirical analyses of existing regulations
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of urban beekeeping including: a review of evidence-based regulations in the United
States, Australia, and Japan, the effects of lattice fence installation, and potential
application e-DNA analysis. By doing these analyses, the results can provide insights to:
whether the present rules are evidence-based, requirements of formulating and
implementing the rules, and future management and implementation of evidence-based

policies of urban beekeeping.

Ressarch Topic

Dockeos|nd N UIDEN S0A00
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gy decline globally (e.g., agriculiural pesticides and
Colony Collapse limited agsortment of plants
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set rules for urban beekeeping,
clear whether it is evidence-based or not.

Resaarch Questions

What are the existing urban
beekeeping regulations

Resaarch

Methods LUrban ha_nha-aplng
systemalic review
(Global and Japan)

Figure 1.4. Overall research framework used in this study.
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Chapter 2. Review of Current Status and Trends of
Urban Beekeeping

Urban beekeeping rapidly expanded globally in major urban areas such as in Japan
and South Korea in recent years (Barnett, 2011; Kohsaka et al., 2017; Lorenz and Stark,
2015). From 2011 to 2015, the number of beekeepers in London nearly doubled (Rothman,
2015), and it multiplied twice in Paris from 2013 to 2015 (Ropars et al., 2019). From
2016 to 2018, the number of hobby beekeepers in Sydney increased by 20% (Daniel,
2018). Despite the limited published data on urban beekeeping, a general increasing trend
has been observed globally. The International Council for Local Environmental Initiatives
(ICLEI) emphasizes that cities and towns can be major refuges for several insect
pollinators, providing foraging and nesting sites, larval food plants, and nectar that may

be less available on intensively managed farmland (Wilk et al., 2019).

To date, urban beekeeping is practiced globally on all continents except for
Antarctica. However, there are limited integrated and organized sources of information
regarding beekeeping regulations and governance despite practical and academic
demands. There is mounting evidence of the negative impacts of urban beekeeping on
ecosystem services (Herbertsson et al., 2016; Lindstrom et al., 2016; Ropars et al., 2019).
Governance is critical for minimizing the negative aspects and maximizing the positive
aspects of urban beekeeping (Larson et al., 2020; Sponsler and Bratman, 2021). Thus,
there is a need to study urban beekeeping regulations, which face critical governance

challenges and summarize points to achieve sustainable urban beekeeping.

In this chapter, systematic reviews of global and country-specific (Japan) on the
current status and trends of urban keeping are presented. Chapter 2.1 presents a global
overview of official (and partially informal or voluntary) regulations related to urban

beekeeping (Matsuzawa and Kohsaka, 2021). Such a comprehensive review serves
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practical, administrative, and academic purposes. Meanwhile, Chapter 2.2 reflects the

current status and regulations of urban beekeeping in Japan.

2.1. Global Review of Urban Beekeeping

2.1.1. Data Gathering and Analysis

A systematic review was conducted in this study from 10 November 2020 to 20
November 2020. First, a list of countries where urban beekeeping has been confirmed or
is currently being practiced was prepared to select the countries that were analyzed (Table
1). The survey was done through Google Scholar database using the following search
command “urban beekeeping” AND “[country name]”. Based on this configuration, the
search generated 101 cases in 43 countries, as reflected in Table 2.1. To obtain a balanced
overview, seven countries from regions (Europe, Asia, Africa, Oceania, and the Americas)

with significant literature results were selected.

Next, literatures were collected by searching for the keywords “urban beekeeping”
and “regulation” using the “AND” command, and both terms were required to be included
in the title, abstract, keywords, or main text. Based on the results, places and organizations
where urban beekeeping is practiced were identified. Though the availability of Japanese
research written in English is limited, it was added as the eighth country. To reduce biases,
phone interviews and email communications with officials in Osaka Prefecture, Japan,
were conducted to complement the retrieved documents. Thus, in this study, the countries
examined were the United Kingdom, South Africa, the United States, Canada, Australia,

New Zealand, Singapore, and Japan.
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Table 2.1. List of countries with the number of sites practicing urban beekeeping. Seven countries

included in this review are indicated with “*” (modified from Matsuzawa and Kohsaka, 2021).

Region Countries Sites Region Countries Sites | Region Countries Sites
Americas Canada * 8 Europe UK * 15 Luxembourg 1
US * 8 Germany 8 Norway 1
Brazil 2 Netherlands 4 Serbia 1
[R)Z;?lﬁliccan | Ttaly 3 Slovakia |
Mexico 1 Austria 2 Spain 1
Uruguay 1 Belgium 2 Sweden 1
Asia South Korea 3 France 2 Oceania Australia * 7
Singapore * 2 Poland 2 New Zealand * 3
Cambodia 1 Slovenia 2 Africa South Africa * 1
Hong Kong/ . .
i 1 Croatia 1 Total 43 countries 101
China
India 2 Czech Republic 1
Indonesia 1 Denmark 1
Israel 1 Estonia 1
Malaysia 1 Finland 1
Philippines 1 Georgia 1
Taiwan/China 1 Ireland 1
Thailand 1 Latvia 1

Table 2.2. Different frameworks used in this study for regulatory items (modified from Matsuzawa

and Kohsaka, 2021).
Larson et al. Framework Sponsler and Bratman Framework
Our Framework
(2020) (2021)
Pollination services - Pollination services
Biological conservation Biological conservation Resource competition
Pest control Pest control Disease transmission to other insects
Safety Safety Stinging
Apicultural products — Apicultural products and livelihoods
Community formation — Expert community formation

— Stormwater/flood mitigation —
— Water quality protection —
— Aesthetic maintenance —
— Encroachment avoidance —
— Land conservation —
— Water conservation —
— Disease avoidance —
— Property values —
— Heat mitigation —

— Less allergen avoidance —
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For the eight countries, the national, state, municipality, and local regulations, as
well as rules pertaining to urban beekeeping, were collected. Relevant information and
references were primarily collected from government websites, and additional
information was collected from relevant organizations, such as beekeeping associations.
For certain countries, there were existing databases (e.g., those from the municipality and
state levels in the United States and at the state level in Australia), and information from
other countries was collected through individual state websites and relevant organizations
with certain limitations in accuracy and comprehensiveness. In the United States, Canada,
and Australia, the number of municipalities with rules on urban beekeeping was
extensive; thus, the scope was limited to 37 municipalities for the United States, 14
municipalities for Canada, and 38 municipalities for Australia. Approximately 10 cities
with the highest frequency in the search results were selected and processed with a more

detailed survey using the methods described below.

Given the exploratory nature of this study, the review focused on both regulations
with legal norms (so-called “hard laws”) and without legal norms (so-called “soft laws”).
Thus, by considering the two legal systems of each country, this study covers a wide range
of subjects such as statutes, civil laws, common laws, ordinances, local customary ones,
voluntary agreements, and guidelines. The regulatory items that were related to urban
beekeeping were classified based on their contents and according to the frameworks of
Larson et al. (2020), Sponsler and Bratman (2021), and Salkin (2012). Based on the study
of Larson et al. (2020), 13 types were identified as regulatory ordinances in residential
areas of the United States: stormwater/flood mitigation, biological conservation, water
quality protection, pest control, aesthetic maintenance, safety, encroachment avoidance,
land conservation, water conservation, disease avoidance, property values, heat

mitigation, and less allergen avoidance ordinances. In this study, the biological
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conservation, pest control, and safety factors were adopted because they are considered

most relevant to urban beekeeping (Table 2.2).

Sponsler and Bratman (2021) classified the socio-ecological aspects of urban
beekeeping into six categories: pollination services, resource competition, disease
transmission to other insects, stinging, apicultural products and livelihoods, and expert
community formation. Based on this framework, the following six criteria were applied

to each regulatory objective:

1. Pollination services — Items in this category influence the extent of the
pollination function of plants in urban areas. The service can be performed

by either wild or managed bees.

2. Biological conservation — Items in this category influence the magnitude of

competition for nectar resources with other honey bees (e.g., Apis mellifera).

3. Pest Control — Items in this category influence the extent of infectious

diseases and parasites between honey bees or other pollinators.

4. Safety — Items in this category concern the negative/nuisance behaviors of
honey bees to humans or pets, including stings, droppings, and noise. This
category also includes the probability of physical contact between honey bees

and humans and potential hazards, such as honey bee stinging incidents.

5. Apicultural products — Items in this category concern the control of the
production of honey, beeswax, and other products. This category also

includes the quantitative relationship between nectar resources and hives.
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6. Community formation — Items in this category influence the social aspects of

and community formation through urban beekeeping.

Salkin (2012) categorized the regulatory items for urban beekeeping into eight

types: classification of bees, lot size and colony density, setbacks, flyway barriers, access

to water, permits and registration requirements, apiary identification signs, and fire safety

regulations). The “Apiary identification signs” of Salkin (2012) was considered as

identical as registration, thus, it was incorporated into the registration section (Table 2.3).

Moreover, four items (area restrictions/zoning, neighborhood awareness, queen bee

management, and training requirements) that were frequently identified during the

systemic review were added.

Table 2.3. Relationship between the framework used in this study and Salkin (2012) (modified from

Matsuzawa and Kohsaka, 2021).

Our Framework

Salkin Framework (2012)

Registration

Number of hives/densities
Area restrictions/zoning
Installation of barriers
Setbacks

Permitted species or subspecies
Water supply

Neighborhood awareness
Queen bee management
Training requirements

Fire safety regulations

Permits and registration requirements;
Apiary identification signs

Lot size and colony density

Flyway barriers

Setbacks

Classification of bees

Access to water

Fire safety regulations
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2.1.2. Results

The results are presented by country (Table 2.4). There are no cases found where
national governments set the rules or regulations for urban beekeeping. For Canada,
Australia, and New Zealand, the rules for urban beekeeping were formulated at the
provincial or regional, and municipal levels. Meanwhile, in the United States and South
Africa, rules and regulations were formulated by the municipalities. In the United States,
Canada, Australia, New Zealand, and South Africa, rules regarding urban beekeeping
have been established by official bodies (e.g., states and municipalities). In contrast,

official regulations were not identified in the United Kingdom, Singapore, and Japan.

Table 2.4. Distribution of urban beekeeping rules and honey bee species. “—” indicates N/A and “o”

denotes the presence of rules and regulations (modified from Matsuzawa and Kohsaka, 2021).

Rules Established by Distribution
. State/Prefecture/ . ) Naturally Competitive
Country National . Cities/Basic L
Regional L NGOs Distributed Related
Government Municipalities . .
Governments Species Species
United
. — — — o A. m. mellifera —
Kingdom
South Africa — — o o A. m. capensis .
A. m. scutellata
United States — — o o — —
Canada — o o o — _
Australia — o o o — —
New Zealand — o o o — —
Slngapore J— J— J— J— J— A. cerana
A. florea
A. dorsata
A. andreniformis
A. koschevnikovi
J apan — — —_ —_ — A. cerana
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Although bees are regarded as nuisances in Singapore, beekeeping is permitted in
urban areas if it is declared as a hobby and not for commercial purposes. In Japan, all,
except for Osaka prefecture, have no regulations or rules specific to urban beekeeping at
the prefectural and municipal levels, and honey bees can be kept freely (there are rules
and regulations for beekeeping as a husbandry activity). The Osaka Prefecture has a
setback regulation that practically prohibits beekeeping in urban areas; however, this
regulation is not intended to be applied to urban areas (as explained in interviews by a
city official). The majority of the identified rules and regulations have been published in
the form of acts, ordinances, and guidelines. These included both mandatory and
voluntary rules, which were not distinguished from each other since the objective of the
review was mainly to obtain an overview of the global regulation trends. In certain cases,
non-governmental organizations (NGOs) had developed or published urban beekeeping
guidelines. For instance, in the United Kingdom, NGOs have initiated the management

of urban beekeeping activities.

Apis mellifera species are naturally distributed in the United Kingdom and South
Africa, but they are considered alien species in the other six countries. Meanwhile, in
Singapore and Japan, the indigenous species is Apis cerana (also known as Oriental honey
bees), and they are naturally distributed. Though they are potential competitors to Apis
mellifera, Apis cerana are used in traditional beekeeping throughout their natural range
in Asia, for instance in Japan (Uchiyama et al., 2017), Thailand (Wongsiri et al., 2000),

and Indonesia (Gratzer et al., 2019).

The most frequent regulation items were found to be related to registrations,
particularly those associated with the number/density of hives, area restrictions/zoning,
the installation of barriers, setbacks, permitted species or subspecies, water supply,

neighborhood awareness, queen bee management, training requirements, and fire safety
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regulations. An overview of the relationships among the regulatory objectives and
regulatory items is illustrated in Figure 2.1. Based on the results, the most common

regulatory item category was found to be “Safety.”

Registration

1.Pollination services Number of hives/density

Area restrictions/zoning

2 Bielogical conservation stallation of barri
nstallation of barriers

. ) Setbacks
3.Pest control
\; Permitted specics or subspecics
4.Safety Water supply
a Neighborhood awareness
3.Apicultural products
Queen bee management
6.Community formation Training requirements
Fire safety regulations
regulatory objectives regulatory items

Figure 2.1. Relationships among regulatory objectives and items in urban beekeeping (modified from

Matsuzawa and Kohsaka, 2021).

The hive density limit is typically defined as the maximum number of hives that
are allowed in one apiary (e.g., up to four hives per location in Wellington, New Zealand
[Wellington City Council Guidelines for Community Gardens, n.d.]) or per certain size
of area (e.g., two hives maximum for less than 10,000 ft> and up to four hives for over
10,000 ft*> in Vancouver, Canada [Vancouver, 2013]). It was not necessarily explicit. In
contrast, the minimum area required for the installation of hive boxes was sometimes
stipulated, for example, in Dakota City, NE, USA (Dakota City, Nebraska Code of

Ordinances Chapter 6-Animals, 2018).
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The setback specifies the minimum distance from the property boundary or
adjacent dwelling to the hive boxes. The variation in this rule was found to be the highest,
even within the same country, with the smallest setback distance being 1 ft (City of
Dayton, WA, USA [Dayton, Washington Code of Ordinances]) and the largest being 1000
ft (City of Campbell, CA, USA [Campbell, California Code of Ordinances, Municode]).
This study also found that it is common to specify separate distances to different site
boundaries, including those to public spaces, such as roads and schools, and adjacent
dwellings. In addition, there were cases found to combine setback and barrier regulations
(e.g., relaxing the setback distance when a barrier is present [ Anniston, Alabama Code of

Ordinances]).

There were regulations and rules found to require the installation of barriers; most
rules require 6 ft barriers, and there is a range of 3—10 ft (Anniston, Alabama Code of
Ordinances, Anchorage, Alaska Code of Ordinances, Allen Park, Michigan Code of
Ordinances). The review showed that it is common to stipulate the water supply of
apiaries, and in some cases, their distance from the hive (Concord, New Hampshire Code
of Ordinances). It is also highlighted that there were cases of prohibiting/allowing specific
areas according to the zoning classifications of the city plan (Citrus Heights, California

Code of Ordinances).

2.1.3. Discussions

This study surveyed eight countries where urban beekeeping is practiced to
determine which urban beekeeping rules currently exist. To date, most rules were
developed by governments and NGOs. In certain areas, no rules were identified.
Regulatory items for urban beekeeping were found to be biased toward safety, with few

regulations on the other aspects, such as biological conservation and apicultural
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production. The regulatory items extracted in this study typically agreed with those in
previous reviews (Paynter, 2015; Sponsler and Bratman, 2021). The rules and regulations
for urban beekeeping were found to be focused more on issues related to the safety of
urban dwellers than on ecological or production-related aspects. While positive impacts
of beekeeping, such as food production, pollination functions, community building, and
environmental education, have been widely recognized in recent years, various negative
aspects of urban beekeeping have also been recognized (Davenport, 2012; Herbertsson et
al., 2016; Lindstrom et al., 2016; Rahimian, Rombod; Shirazi, F Mazda; Schmidt, Justin
O; Klotz et al., 2020; Ropars et al., 2019). The data collected revealed that current urban
beekeeping rules may be biased towards resident safety and do not adequately address
the negative aspects of urban beekeeping. For the balanced expansion of urban
beekeeping, safety, biodiversity, apicultural production, and quarantine aspects should be
considered holistically. In the following sections, certain pitfalls are illustrated that are

not fully covered in the current regulatory systems for urban beekeeping. These include:

1. Hive Density — London is among the cities with the most active urban
beekeeping sites, with large number of participants. However, honey yields are declining
in certain areas. This is likely due to the high density of hives (Davenport, 2012; Henry
and Rodet, 2018; Laboratory of Apiculture and Social Insects, 2013). Besides, it is not
only honeybees that mediate pollination, butterflies, bees, ants and birds also use nectar
and pollen. Thus, the presence of honey bees in urban areas can potentially harm these
other flower users (Herbertsson et al., 2016; Lindstrom et al., 2016; Ropars et al., 2019).
Some studies have demonstrated the negative impacts of beekeeping on native pollinators
(Fontana et al., 2018; Herbertsson et al., 2016; Sheppard and Meixner, 2003). Controlling

the density of hive boxes in urban areas is considered to be one of the most effective
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methods to resolve this issue (Sponsler and Bratman, 2021); however, little research has

been done in this area thus far.

2. Infectious Diseases, Pests, and Biodiversity — There are concerns related to
both wild and managed honey bees. Managed honey bees can potentially transfer
infections and parasites to wild bees and other species. Despite the fact that nearly all
countries and regions have beekeeping quarantine requirements, there appear to be no

rules to prevent the spread of parasites and diseases.

Apis mellifera is a bee species widely distributed from Africa to Europe, and it is
divided into approximately 30 subspecies depending on the region (Sheppard and
Meixner, 2003). An initiative has been launched to conserve the regionally endemic
honey bee subspecies in Europe (Fontana et al., 2018). In the future, conserving
biodiversity at the genetic level will become even more critical. In recent years, the
frequency of recorded spillover cases of honey bee pathogens to other arthropods,
including wild bees, has dramatically increased (Nanetti et al., 2021). Particular attention
should be paid to Asia, where native species of the same genus Apis exist. In the future,
it may be necessary to establish rules for urban beekeeping to protect native honey bee
species in Singapore and Japan. These considerations are not well-stipulated in current

regulations.

3. Scientific Evidence — There is a wide range of regulatory items for urban
beekeeping. Certain elements are instrumental in neighborhood awareness and training
and effective in avoiding problems, while other elements, such as fence and setback
requirements, have questionable rationales. While fencing is one of the most frequent
regulations, aiming to guide the flight path of bees upward by setting up a fence around

the hive may be ineffective. The fence height ranges from 0.9 to 3.0 m, with 1.8 m (similar
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to the height of human beings) as the most common fence height requirement, though,

there is no scientific evidence for setting such a fence height for beekeeping.

Another example is setbacks. The setback distance to the property boundary can
prevent honey bees from competing with neighboring humans or pets in their flight path.
The required distance can range from 0.3 to 304.8 m, and similar to the fencing rules,

there is no or little scientific evidence provided for these distances.

This study observed a variety of rules limiting the number of installed hives. These
included cases where the number of hives is fixed, the maximum number varies
depending on the size of the site area, or there is no specific regulation. Thus, there is a
wide range of numerical provisions for this regulation type with no provided scientific
basis. Scientists in ecology and other fields can provide constructive suggestions for
policies in this area. In a future study, a more detailed survey can be conducted on the
relationship between regulatory items and scientific evidence in the United States and

Australia.

4. Modification of Rules and Clarification of Definitions — Urban beekeeping is
a recent phenomenon, and cities such as New York and Los Angeles have amended their
ordinances to allow for beekeeping in urban areas around 2010 (Kudler, 2015; D. Smith,
2015; Sponsler and Bratman, 2021). In contrast, certain cities have explicitly banned bees
because they are considered nuisances (e.g., San Clemente, CA, USA). Whether
beekeeping is possible or prohibited in many areas is ambiguous because it is not well-
defined whether bees are considered nuisance organisms (Berquist et al., 2012). Experts
have identified that regulations before the development of urban beekeeping, such as
those of the City of Toronto (Canada) and Osaka Prefecture (Japan), may be outdated,

with setback distances of 30 and 20 m, respectively, that in practice prevent beekeeping
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in urban areas (Berquist et al., 2012). Because most urban beekeepers are satisfied with
keeping only a few hives, it is critical to re-examine the current rules to meet the needs
of urban dwellers. Clarifying the conditions under which urban beekeeping is possible

can help reduce the nuisances related to urban beekeeping.

2.2. Review of Urban Beekeeping in Japan

2.2.1. Data Gathering and Analysis

A systematic review of urban beekeeping regulations in Japan was conducted
from 2 to 5 April 2020 using two databases: “e-Gov Horei-kensaku” and “Jorei Web
Archive Database.” The document survey was done using the search keyword
“beekeeping” or “honeybee” to look for the presence of Law or Ordinance in national and
local governments. For the search of court judgements, the precedent database “D1-LAW”
was used. Each local government's website was accessed and assessed methodically to

check the details of the laws and regulations and other related information.

2.2.2. Results

(1) National-level Regulations - Beekeeping
The beekeeping industry in Japan is classified as “other livestock farming”
under sericulture at the national level (Ministry of Internal Affairs and
Communications, 2013). This classification is different from “livestock farming,”
which includes businesses that raise livestock animals such as horses, cotton sheep,
goats, rabbits, poultry other than chickens, and fur-bearing animals. Currently, there
are two laws related to beekeeping in the country namely the “Apiculture Promotion

Act” and the “Act on Domestic Animal Infectious Disease Control.”
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The “Apiculture Promotion Act” was formulated in 1955 and is under the
jurisdiction of the Ministry of Agriculture, Forestry, and Fisheries (MAFF). The
purpose of this law is to increase the production of honeybee products and to improve
the efficiency of pollination of crops. In order to achieve its objectives, the law allows
for the conservation and promotion of nectar plants and the provision of subsidies
while at the same time taking measures to minimize trouble through proper
deployment. Some of the regulations under this law include: the submission of
notifications, notification of changes, permission from the governor of the destination
prefecture when moving across prefectural borders, the ability of the national
government to make recommendations to prefectures regarding the regulation of bee

colony placement, and penalties for violations.

Despite the presence of this law, the number of beekeepers was decreasing
since the 1980s (Figure 2.2a). Similar trends were observed in the number of hives
(Figure 2.2b). The production of honey, the main product of beekeeping, peaked at
about 8,500 tons in 1965 and has been on a declining trend, falling below 3,000 tons
around 2000s towards the present time (Figure 2.2¢). However, in 2013, the number
of beekeepers increased due to the change in the counting standard caused by the
amendment of the law. In the past, cultivated lands in suburban areas were rich in
nectar plants such as Oilseed rape (Brassica napus) and Chinese milk vetch,
(Astragalus sinicus) but this decreased significantly during the period of rapid
economic growth after the 1970s (Japan Beekeeping Association, 1995). Compared
to 1970, cultivated areas with plants that were the main source of honey decreased;
11% for Astragalus sinicus and 5% for Brassica napus (Japan Beekeeping
Association, 2021). Although the downward trend in nectar plants was observed in

the earlier periods, present pattern is increasing (Figure 2.2d).
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Figure 2.2. Trends in the number of (a) beekeepers, (b) colonies, (c) honey production, and (d)

planting areas of nectar plants in Japan.

With the decrease in nectar plants and the increase in the number of hobby
beekeepers, problems among beekeepers and with local residents have increased
(Akamatsu and Nakamura, 2002; Shinkai et al., 2020). In order to cope with the
changes in the environment surrounding beekeeping, the “Apiculture Promotion Act”
was partially amended by a lawmaker’s bill and came into effect in 2013. This
revision includes several major changes. The first is that the scope of those who are

obliged to submit notifications was expanded from “those who engage in beekeeping
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as a business” (e.g., professional beekeepers) to “those who keep bees” (e.g.,
beekeepers including hobby beekeepers). It is thought that the purpose of the new
law is to grasp the actual situation of hobby beekeepers, which had not been grasped
before, and to help them avoid trouble. Secondly, prefectures are obliged to formulate
and disseminate guidelines for the proper placement and hygienic management of
bee colonies. Third, the government and prefectures are obliged to take effective
measures for the protection and propagation of nectar plants. Fourth, prefectures are
obliged to monitor the number of colonies, locations, and breeding conditions of all
beekeepers, and check the status of nectar plants and take measures for proper bee
colony management simultaneously. Fifth, prefectural governors now have the right
to enter, inspect and question apiaries. Sixth, penalties have been subdivided and the
amount of fines has been increased; fines for violations of notification submission
and transferring apiary permits were both increased from ~10,000 yen to ~200,000
yen. In addition, a new fine of “up to 100,000 yen” will be imposed for refusal or

misrepresentation of the prefectural government's entry or inspection.

In order to strengthen the promotion of beekeeping, the MAFF implemented
projects such as providing information on the location of bee colonies, ascertaining
the actual status of the planting of nectar plants, and supporting the planting and
management of nectar plants, as well as collecting surveys on good practices for the

proper placement and adjustment of bee colonies.

The second law identified at the national level is the “Act on Domestic
Animal Infectious Diseases Control,” which is the basic law for livestock quarantine
in Japan (Sugiura, 2013). The translated texts state that this law shall “promote the
livestock industry by preventing the outbreak or spread of domestic animal infectious

diseases (including parasitic diseases).” This law has a long history and its origins
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date back to 1871. Initially, the system targeted the cattle plague, but later, the number

of diseases and animals to be targeted was gradually expanded, and in 1951, the law,

was formulated. At the time of its enactment, honey bees were not included in the list

of target animals, but with the enactment of the “Apiculture Promotion Act” in 1955,

Foul brood was added as a livestock infectious disease. In 1999, four diseases were

designated as notifiable infectious diseases: Varroosis, Chalk brood disease,

Acaricosis, and Nosemosis of bees (Table 2.5).

Table 2.5. List of diseases regulated by the “Act on Domestic Animal Infectious Diseases Control.”

Disease name

Classification

Obligation, handling

Foul brood

Varroosis

Chalk brood disease

Acaricosis

Nosemosis of bees

infectious disease

notifiable infectious disease

notifiable infectious disease

notifiable infectious disease

notifiable infectious disease

Notification,
Incinerate at incidence
Notification
Notification
Notification

Notification

Table 2.6. Annual records of the number of reportable infectious disease outbreaks.

Year Foul brood Varroosis Chalk brood disease Acaricosis Nosemosis
2009 266 607 896 0 4
2010 96 600 651 9 0
2011 175 594 725 1 0
2012 27 973 876 18 0
2013 230 1146 869 9 3
2014 168 2427 828 24 0
2015 130 826 1186 42 0
2016 89 1036 933 38 8
2017 74 964 803 62 2
2018 135 877 498 70 4
2019 104 754 343 119 4
2020 127 611 601 91 0
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Foul brood includes both American Foul Brood (AFB) and European Foul
Brood (EFB). The AFB is caused by the ingestion of Paenibacillus larvae spores
with food, and the dead larvae emit a foul smell. Since the spores survive in the hive
for a long time, eradication is difficult once the hive is contaminated. “Apiten”
containing antibiotics Milosamycin, is approved as a prophylactic agent. EFB is
caused by Melissococcus lutonius and is transmitted orally. In four to five days,

larvae die and emit a foul odor. There is no approved drug for this purpose so far.

The number of incidents of Foul brood varies annually, but generally ranges
from 100 to 200 (Table 2.6). It has been reported that Foul brood is less likely to
occur under hygienic conditions, including disinfection, but may be more likely to
occur in hobby beekeepers with insufficient knowledge and skills (Terasaki et al.,

2015).

According to the “Act on Domestic Animal Infectious Diseases Control,”
prefectures are authorized to take measures such as prohibiting the movement of
animals or incinerating them to prevent the rot. The range of prohibited movement is
determined individually by each prefecture and is not standardized. This will be

described in Chapter 3.

Varroa is a viral infection associated with parasitism by the honey bee Varroa
mite and parasitism by the mite, which has adverse effects on honey bees (Figure 2.3,
Table 2.7). The Varroa mite was once known as Varroa jacobsoni, but mitochondrial
DNA studies have since shown that the species has been split into two species, and
that the globally distributed and most damaging species is Varroa destructor, which
is indigenous to Japan (Figure 2.3a) (Anderson and Trueman, 2000). This mite is one

of the most threatening diseases in the entire honey bee industry (le Conte et al.,
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2010). The varroa mite is a parasite of honey bee larvae that grows and multiplies by
sucking body fluids. The parasitized larvae may be dwarfed in size or die prematurely
due to stunting. Additionally, several viruses transmitted by the varroa mite have been
identified and pose a major threat as well. For example, the deformed wing virus
causes the wings of adult honeybees to shrivel up and prevent normal activity (Figure

2.3b, 2.3¢).

Figure 2.3. Images showing (a) the parasitic mites in honey bee pupae, (b) a honey bee with dwarfed

wings, and (c) dead honey bees caused by parasitic mites (Photos taken by the author).
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Table 2.7. List of major diseases of honey bees and their causative organisms and taxonomy.

Name of disease Species responsible Taxonomic groups
Varroosis Varroa destructor, V. jacobsoni mite
Acaricosis Acarapis woodi mite
Chalk brood disease Ascosphaera apis fungi
Nosemosis of bees Nosema apis protozoa
Foul brood Paenibacillus larvae, Melissococcus plutonius bacteria
Sac brood Sac broo virus virus
Paralysis virus Acute bee paralysis virus (ABPV) virus
Israel acute paralysis virus (IAPV) virus
Kashmir bee virus (KBV) virus
Slow paralysis virus (SPV) virus
Chronic paralysis virus (CPV) virus
Black queen cell virus virus

Analysis of mitochondrial DNA has shown that there are at least six
genotypes of the honey bee larvae mite in Japan, there are Japanese (J) and Korean
(K) types, with the K type being more likely to cause severe symptoms (Ogihara et
al., 2020). It is estimated that the reason for the enormous damage by the diseases
observed in various parts of the world was due to the transmission from the Asian
regions to other parts of the world (Noel et al., 2020; Rosenkranz et al., 2010; Thoms
et al., 2019). It is unclear how the mites that parasitized Oriental honey bees (Apis
cerana) were transferred to Western honey bees (Apis mellifera) but it is known that
the mites have spread multiple times around the world since the 1950s (Ogihara et
al., 2020). In Japan, it is a common parasite of both Apis mellifera and A. cerana but
varroa is less severe in A. cerana and more common in 4. mellifera. Several factors
are considered such as the short growth period of A. cerana and their pronounced
grooming behavior to remove varroa mites (Pritchard, 2016). As of 2021, Australia

is the single major honey-producing country that is free of the varroa mite.
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Chalk brood disease is caused by Ascophaera apis, a type of fungus. When
the spores infect the larvae, they reproduce by spreading mycelium and die in a white,
hardened, mummy-like state (cf. Table 2.7). The disease tends to occur during humid
and rainy seasons. Currently, there are no chemicals available for this disease in Japan,
but it is said that infection is more common in poor nutritional conditions and when

the temperature in the nest tends to decrease.

Acarine Disease is caused by a parasitic mite Acarapis woodi that grows in
the trachea of worker bees (cf. Table 2.7). As with the varroa mite, it has been pointed
out that the mite may transmit a virus when it sucks body fluids. It is a relatively new
infectious disease that was first identified in Japan in 2010. In contrast to the varroa
mite, acarine mite disease is more severe in 4. cerana, but this is thought to be due

to the fact that 4. mellifera can remove more Ascophaera apis than A. cerana

(Sakamoto et al., 2020).

Nosemiasis is caused by a protozoan parasite, Plasmodium nosema, which
invades the digestive tract of adult worms, causing diarrhea-like symptoms and a
shortened lifespan of the adult worms (cf. Table 2.7). Two species, Nosema apis and
Nosema ceranae, are known to cause severe damage in Europe and North America.
In Japan, there is relatively little damage. There are no chemicals available for use in

Japan.

In addition to the diseases of honey bees designated by the “Act on Domestic
Animal Infectious Diseases Control,” Sac brood disease and other paralytic viral

diseases (Figure 2.4, cf. Table 2.7) are also identified.
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Article 17 of this law stipulates compulsory measures, including killing, to
prevent the spread of legally infectious diseases when they occur, but honeybees are
not included in this list, and information is limited to the incineration of contaminated
items such as nest boxes. However, due to the importance of countermeasures against
this highly infectious disease, the government issued the “Guidelines for Livestock
Quarantine Measures” in 1999 (Notification of the Director-General of the Livestock
Bureau, Ministry of Agriculture, Forestry and Fisheries, No. 11 Livestock A 467,
April 12, 1999). In this document, it is clearly stated that it is necessary to incinerate

infected honeybees.

Figure 2.4. Bee infected with a paralytic virus, which is indicated by the blackening of the tip of the

abdomen and thorax (Photo taken by the author).

(2) National-level Regulations - Urban beekeeping
The two laws identified and discussed above are observed when keeping
honeybees, regardless of the location of implementation. However, these policies are
not found to be directly regulating the practice of urban beekeeping. To date, a
number of existing laws and regulations at the national level related to beekeeping

can be regulated for urban beekeeping practice in Japan (Table 2.8). This section
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explores these laws in the context of six functions of urban beekeeping (Matsuzawa

and Kohsaka, 2021).

Table 2.8. List of present laws and regulations related to urban beekeeping.

Name of regulations Purpose Authorities  Bee
Apiculture Promotion Act Promotion of the beekeeping industry and MAFF o
improvement of pollination of crops
Act on Domestic Animal Prevention and control of the spread of infectious MAFF o
Infectious Diseases Control diseases related to livestock
Offensive Odor Control Law Prevention of malodorous parasites generated by MOE
business activities
Fertilizer Regulation Act Regulation of fertilizer production MAFF
Water Pollution Prevention Act Prevention of water pollution in public waters and MOE
groundwater
Soil Contamination Identification of soil pollution and prevention of MOE
health hazard
Countermeasures Act catth hazards
i Regulation of the sale, purchase, and conversion of MAFF
Agricultural Land Act g p
agricultural land
Urban Agriculture Promotion Promotion of urban agriculture MAFF
Basic Act
Law for Promoting the Promote the proper and efficient development of MAFF
. itizen f
Development of Citizen Farms ctizen farms
Production Green Space Act Conservation of remaining agricultural land in urban MAFF
areas
Law Conceming Specia] Preservation of water quality in lakes and marshes MOE
Measures for Conservation of
Lake Water Quality
Standards for the Care and Prevention of human injury and environmental MOE
Keeping of Industrial Animals pollution by industrial animals
Act on the Proper Treatment of Prevention of pollution due to disposal of dead MHLW
Dead Animals and Livestock animals and livestock and animal husbandry
Waste Management and Public Reduction of waste discharge and promotion of MOE
Cleansing Law proper disposal
i Promote proper management and use of livestock MAFF
Act on the Promotion of Proper prop g
e d i
Management and Utilization of and cup organisms
Livestock Wastes
Act on Welfare and Management Prevention of abuse and abandonment, proper care MOE
of Animals of animals, prohibition of keeping dangerous
animals (specified animals), and preservation of
living environment to prevent bad odors, etc.
Standards for the Care and Responsibilities for the proper use of animals MOE

Keeping of Domestic Animals
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Name of regulations Purpose Authorities Bee
Law for Ensuring the Safety of Regulations on pet feed MOE,
Pet Food MAFF
Act on the Prevention of Adverse Prevention of damage to ecosystems, human health, MOE

Ecological Impacts Caused by

agriculture, forestry, and fisheries caused by

specified alien species

Designated Invasive Alien

Species/ Invasive Alien Species

Act

The first function is “Safety,” which is identified as the most important factor
in regards with urban beekeeping practice in overseas (Moore and Kosut, 2013), yet,
there are no national laws or regulations that directly refer to the “Safety” of urban
beekeeping. In Japan, the “Act on the Welfare and Management of Animals”
designates animals that may endanger human life and safety and regulates the
keeping of these animals for petting purposes. However, the species covered by the
law are limited to mammals, birds, and reptiles. Honeybees, other members of the
wasp family, scorpions, poisonous frogs, and fish are excluded. Similarly, the
Standards for the Care and Keeping of Domestic Animals exclude creatures other
than mammals, birds and reptiles. The Law for Ensuring the Safety of Pet Food
regulates the safe production of so-called pet food. In beekeeping, the feeding of
liquid sugar and artificial pollen is also a common practice. However, this law applies

exclusively to food for pets, and pets are limited to dogs, cats, and certain birds.

Next, in the area of “Apicultural products,” there is an ordinance based on the
“Apiculture Promotion Act,” but there is no mention of beekeeping in urban areas.
There were no specific regulations found in the “Agricultural Land,” “Urban
Agriculture Promotion Basic Act,” “Law for Promoting the Development of Citizen's
Farms,” or “Production Green Space Act” despite it is identified as part of urban

agriculture (personal communications with MAFF, December 16, 2021).
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Thirdly, the purpose of “Pollination services” is stated in the “Apiculture
Promotion Act” as “to contribute to the efficiency of pollen fertilization of
agricultural crops. (Article 1).” However, as mentioned earlier, there are no
regulations on urban beekeeping under this law. The purpose of the Act on the
Prevention of Adverse Ecological Impacts Caused by Designated Invasive Alien
Species (hereinafter referred to as “Invasive Alien Species Act”) is to prevent adverse
ecological impacts caused by designated invasive alien species (Article 1). This law
designates the large earth bumblebee (Bombus terrestris), which was introduced from
overseas as a pollinating insect and has become wild in some areas, as a specified
alien species and makes it subject to regulation. However, the Apis mellifera is
excluded from the list. This will be explained in the section on “Biological

conservation.”

The fourth function, “Pest control,” is clearly defined in the “Act on Domestic
Animal Infectious Diseases Control,” which states that “the promotion of livestock
breeding shall be promoted by preventing the outbreak and spread of infectious
diseases (including parasitic diseases) in livestock.” However, there is no description

specific to urban beekeeping.

For the fifth function, “Biological conservation” is strongly related to the
“Invasive Alien Species Act.” This act designates species that have a negative impact
on ecosystems, human safety, agriculture, forestry, and fisheries as specified invasive
alien species, and regulates their breeding, cultivation, storage, transportation,
importation, extermination, and other measures to mitigate the damage. Apis.
mellifera which are mainly kept for beekeeping, are not found in East Asia in their
natural distribution, so they are considered as alien species in principle. In addition,

although scientific evidences are still limited, they may compete with native A.
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cerana or with other flower-visiting organisms (Gross et al., 2019). Risks related to
biodiversity loss such as presence of invasive species are also considered (Fontana et
al., 2018; Klein et al., 2007). Although Apis mellifera are technically alien species,
they are not designated as invasive species since they are major species that supports
the beekeeping industry in Japan. In contrast, the large earth bumblebee (Bombus
terrestris), which is used for pollination has been designated as a specific invasive
species. This species has been found to compete with a related native species (B.
hypocriita sapporroensis/ B. pseudobaicalensis), and the native species has been
exterminated in Hokkaido (Inoue et al., 2008; Yokoyama and Inoue, 2010), which

resulted a shift to pollination using other native species (Yoneda et al., 2008).

The MOE published a list of invasive species, including those with a high risk
that are comparable to specified invasive species. The list of “Invasive Species
Database of Japan” is available and can be accessed online on the website of the
National Institute for Environmental Studies (NIES). The common Japanese honey
bee is not included in the list. The African honeybee (Apis mellifera scutellata), a
subspecies of the honey bee, is designated as an invasive species and the law prevents

its establishment because of its aggressive nature.

Concerns regarding the conservation of biodiversity are not limited to honey
bees. False Acacia (Robinia pseudoacacia), one of the most important nectar sources,
is a representative organism of concern as invasive species. According to the
“Invasive Species Database of Japan,” it was introduced into Japan from North
America in 1873, and grew rapidly to reach the forest canopy, forming a single, dense
forest, which destroyed the native vegetation (NIES, 2021). It also breeds in river
channels and often falls over, which is a concern for safety management (Muranaka

et al., 2005; Sanuki et al., 2010). For these reasons, the Ecological Society of Japan
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designated Robinia pseudoacacia as one of the 100 most invasive alien species in
Japan (Fujiwara and Murakami, 2000), though, Masaka (2013) states that the concern
that Robinia pseudoacacia destroys ecosystems is an overestimation (Masaka et al.,

2013).

Currently, False acacia (Robinia pseudoacacia) is not designated as a target
species under the “Invasive Alien Species Act.” The “List of Invasive Alien Species
for the Prevention of Damage to the Ecosystem” formulated by the MOE, which was
introduced earlier, has three categories: (1) “invasive alien species for comprehensive
measures” that are subject to control and prevention of runoff, (2) “invasive alien
species for industrial management” that are important for industry or public interest
and require appropriate management due to lack of alternatives, and (3) “invasive
alien species for prevention of establishment” that are not yet established and require
preventive measures. Robinia pseudoacacia is designated as an invasive species
under industrial management because it is an essential organism for the beekeeping

industry as well as the honey bee.

Court precedents related to beekeeping and honey bee keeping were searched
using Precedent database (D1-LAW). There were no cases found that were related to
honey bee placement, sting damage, or fecal damage. According to the interview with
an officer from Akita Prefecture, there was once a petition from a beekeeper
regarding the placement and adjustment of bees, but the petition was withdrawn after

discussions among the officials in charge.

In summary, presence of urban beekeeping regulations at the national level is

not yet established. Existing regulations are drawn from various laws related to
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beekeeping only. The next section presents the results of the systematic review at a

local scale (prefecture-level and municipal-level).

(3) Local-level Regulations - Beekeeping
Table 2.9 shows the responsibilities of prefectures in regard to beekeeping
practice based on the “Apiculture Promotion Act” and “Act on Domestic Animal

Infectious Diseases Control.”

As presented in the earlier sections, the two laws mandate certain
responsibilities on prefectures with regard to the promotion and transfer of
beekeeping and the prevention and spread of Foul brood. These results were
supplemented with interviews with the prefectural governments and the Livestock

Promotion Division of the Livestock Department of the MAFF.

According to MAFF (personal communication, December 6, 2021), the
“Apiculture Promotion Act” was formulated in 1955 in response to requests from the
government to set minimum unified rules in response to the problems related to
transferring bees across metropolitan and prefectural borders. There were prefectures
that have enacted ordinances, enforcement regulations, or guidelines to correspond
to the two laws presented earlier (cf. Table 2.10). There are 43 prefectures (91.5%)
that formulated their ordinances based on the “Apiculture Promotion Act.” The
ordinances included notification obligations for beekeeping businesses and
procedures for applying for permission to transfer bees. There are prefectures that set
guidelines for the distance between apiaries, though, none of them were mandatory

(e.g., 6 km in Hokkaido, cf. Table 2.10).

Meanwhile, there are 33 prefectures (70.2%) that developed their ordinances

based on the “Act on Domestic Animal Infectious Diseases Control.” Since both laws

- 51 -



Chapter 2. Review of Current Status and Trends of Urban Beekeeping

clearly stipulated the authority of prefectures, each prefecture stated their operation
and enforcement in ordinances. In the event of an outbreak of Foul brood, prefectures
can set a range from where the outbreak occurs and restrict movement, but only 16
prefectures (34.0%) have set a regulatory range. Furthermore, 63.8% of the
prefectures had developed their own guidelines, encompassing the two laws and

regulations.

Table 2.9. Corresponding responsibilities of prefectures to urban beekeeping based on the

“Apiculture Promotion Act” and “Act on Domestic Animal Infectious Diseases Control.”

Article Responsibilities of prefectures

Apiculture Promotion Act (1) As laid down in a regulation by the MAFF as a constituent of
Article 3. Notification of its ordinance (hereinafter styled an “enforcement regulation”),
beekeeping any person who keeps bees must make a notification every year

to the governor of the prefecture that has jurisdiction over the
place in which he is domiciled (hereinafter designated “the
competent governor”) of—

(a) the name and domicile of choice of such a person (if it is an
artificial one, its appellation and address);

(b) the number of bee colonies;

(c) the location and period of apiculture; and

(d) any other such matter as may be in the said regulation or

another.
Apiculture Promotion Act (1) Any prefecture shall—
Article 8. Measures to be (a) grasp the situation of beekeeping and the state of nectar
taken by prefecture for proper sources;
placement of bee colonies, (b) make adjustments to the placement of bee colonies
etc. (c) control migratory apiculture suitably; and

(d) take other necessary measures,

Act on Domestic Animal (2) Prefectural governors and mayors of municipalities shall take
Infectious Diseases Control measures to prevent the outbreak or spread of domestic animal
Article 3-2. Specific infectious diseases under the provisions of this Act, based on the
Domestic Animal Infectious Specific Domestic Animal Infectious Disease Quarantine
Disease Quarantine Guidelines.

Guidelines
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As mentioned so far, at the prefectural level, ordinances, enforcement
regulations, and guidelines are established and operated in a complex manner.
Moreover, prefectural governments have not taken sufficient enforcement measures,

although, they are not expected to comply with these.

Of the four prefectures that have not formulated ordinances corresponding to
the “Apiculture Promotion Act,” only Chiba Prefecture has formulated the “Chiba
Prefecture Honey Bee Keeping Guidelines (2020),” which corresponded to both laws.
Hyogo Prefecture also formulated a simple guideline; however, there was no mention
of preventing the spread of the disease. In Okinawa Prefecture, there are no
ordinances corresponding to either of the two laws, but according to the phone
interview conducted with a prefectural official, there are beekeeping guidelines at the
prefectural and some municipal levels, but they are currently being updated. In Ehime
Prefecture, the ordinance corresponding to the Apiculture Promotion Act was
abolished in 2013 mainly due to the decreasing number of users, which in turn
resulted to a simpler arrangement between the parties concerned as long as it
monitored by the involved authorities (Livestock Division, Agriculture, Forestry and
Fisheries Department, Ehime Prefecture, personal communication, December 16,

2021).

The regulatory items in each prefecture were extracted to correspond to the
regulatory items of urban beekeeping described in Chapter 2.1 (“Regulatory Items in
Urban Beekeeping” in Table 2.1). The distance between apiaries was mentioned in

23 prefectures (48.9%), but a specific distance was only mentioned in 7 prefectures

(14.9%).
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Although Apis mellifera are generally used in large-scale beekeeping, native
species of 4. cerana were also identified in Japan. Despite the two species compete
with each other and have different breeding methods, there were 19 prefectures that
manage both species. There are four prefectures (8.5%) that mentioned the location
of their apiaries, such as avoid keeping them in densely populated areas. Meanwhile,
22 prefectures (46.8%) mentioned setting back apiaries at a distance from residential
areas and schools. Amongst prefectures, Osaka was the only prefecture that specified
a 20 m distance of setbacks. In terms of installing watering supply, only Saitama

Prefecture mentioned it.

The number and density of nests that can be installed, the minimum required
area, and the installation of barriers were not confirmed in the analysis. Moreover,
information related to biodiversity conservation such as interspecies competition

with native species and common infectious diseases was also absent.

At the municipal level, ordinance on beekeeping was limited, and was
identified in Ogimi Village in Okinawa Prefecture. This ordinance was formulated in
the aim of promoting beekeeping in the village. The respondent shared that as part of
a national park or a World Natural Heritage site, the village are also focusing on

proper management.
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2.2. Review of Urban Becekeeping in Japan

2.2.3. Discussions

This study reviewed the legal governance of beekeeping and urban beekeeping in
Japan, particularly the status of the development of laws and regulations at the national
to local levels. Key highlights of the systematic review are presented below along with

the issues and challenges of urban beekeeping from different perspectives.

(1) Current Trends in Urban Beekeeping Regulations

Systematic review indicates that two laws and regulations related to
beekeeping in Japan. The first is the ‘“Apiculture Promotion Act” and the
corresponding prefectural-level ordinances based on this law, which promotes
beekeeping in the context of honey production and improvement of pollination
functions to agricultural crops (cf. Table 2.8). It contains limited regulatory-related
mandates; one example mandate is the placing adjustment of hives. The second type
is the “Act on Domestic Animal Infectious Diseases Control” and the associated
prefectural-level ordinances, which prevent and control the spread of infectious and
parasitic diseases that infect domestically managed bees (cf. Table 2.8). For example,
the American and European Foul brood diseases are designated as legally contagious
diseases and therefore subjected to strong legal restraints such as prohibiting the

movements of bees and burning of hives.

These two laws currently comprise the basic regulations of beekeeping in
Japan, however, these are directed towards “suburban” beekeeping for the purpose
of honey production. The presence of a legal system surrounding urban beekeeping
still remains, in general, insufficient and lacks mandates at the local level such as the
control and regulation of beekeeping to ensure community building, Biological
conservation, and safety of residents in urban spaces. For instance, some prefectures

have established their own guidelines for urban beekeeping such as “Do not place
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hives in areas that are frequented by people” in Chiba, “Keep hives at a safe distance
from houses, roads, parks, and other places where people gather” in Hyogo, and “Do
not place hives near neighboring houses or roads (in residential areas, etc.)” in
Niigata (Table 2.10). However, none of these guidelines provide the required distance

or quantity, but merely anecdotal accounts.

In contrast, in Osaka prefecture, a guideline says, “Birdhouses must be placed
at a distance (20 m) specified by regulations from residences, schools, factories, roads,
parks, and other places where other people regularly enter, pass through, or
congregate” (Rules for Enforcement of Ordinance on Regulation of Keeping Bees in
Osaka Prefecture, 1968). This prefecture is one of the most densely populated areas
in Japan, and it is thought that there are limited number of places in urban areas where
a 20-meter setback can be secured, so this ordinance effectively prohibits beekeeping

in urban areas.

These inconsistencies and the lack thereof suggest that urban beeping
regulations in Japan are not yet established and/or streamlined at the prefectural or
national level. Shinkai et al. (2020) focused on the entries in the beekeeping
registration forms of Japanese prefectures and discussed the governance problems in
Japan. Amongst these issues, they pointed out that even the most basic information,
such as the type of bees to be kept, is not uniformly formatted in each prefecture,
making it difficult to compile nationally uniform data. Their observations are also
common challenges in urban beekeeping. In London, where urban beekeeping is
popular, an NGO-led approach has created a web-based system (referred to as “Urban
Bees.co.uk™) that allows beekeepers to locate new hives and contact existing
beekeepers. This example illustrates how a properly organized system can help boost

the practice and promote community building among different stakeholders.
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(2) Development and Deployment Planning of Urban Beekeeping

In recent years, there has been a growing social interest in zoonosis, or
common infectious diseases, such as COVID-19 (Lu et al., 2020). There are other
diseases such as avian influenza and swine flu, which are feared to spread among
different species (Subbarao et al., 1998; Wong and Yuen, 2006). Currently, no
significant common infections have been identified between honeybees and humans,
but several common infections are known to occur among Apis species, causing
certain ecological and economic damages (Rosenkranz et al., 2010; Woodcock et al.,
2016). The most common is the varroa mite, which was originally hosted by Apis
cerana, but has since “migrated” to Apis mellifera and is spreading worldwide

(Rosenkranz et al., 2010).

Urban beekeeping may pose a greater risk of spreading infectious diseases
than the traditional commercial beekeeping practice. In suburban commercial
beekeeping, distances between apiaries are often set to be wide to avoid the
competition of nectar plant resources. For example, in Yamagata prefecture, an
ordinance sets the standard distance between beekeepers, which is 6 km apart.
Meanwhile, in urban beekeeping, the number of honeybees kept in a single apiary is
small, and the distance to neighboring apiaries is relaxed in certain cases. For instance,
in central Tokyo, urban beekeeping is practiced in several places such as Ginza,
Hanzomon, Jimbocho, and Ochanomizu areas, and some of them include large
commercial apiaries, yet the distance between apiaries is less than 3 km. Terasaki et
al. (2015) documented that there are certain hobbyist beekeepers that lack knowledge
and management skills and are often known to be a source of contamination for
infectious diseases. Thus, the risk of infectious diseases would be higher among

nearby apiaries in urban areas than among those in suburban areas.
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In order to avoid these problems, the location of hives in urban areas, the
number of breeding groups, the duration of hive installation, and information on the
breeders are required at a minimum. The “Apiculture Promotion Act” of Japan
stipulates that prefectures are obliged to “coordinate the placement of bee colonies.”
In the case of suburban beekeeping, this is thought to be a way to avoid competition
for nectar resources by ensuring the distance between apiaries. Henry and Rodet
(2018) pointed out that a practical criterion for the proper placement of apiaries is the
distance between apiaries. However, in the context of urban beekeeping, it is difficult
for beekeepers to freely decide where to place their hives since available spaces are
limited. To address such issues, Salkin (2012) suggested that limiting the number of
hives should be incorporated in urban beekeeping regulations. Since most
practitioners of urban beekeeping are hobby beekeepers, rather than limiting the
distance between apiaries, the rules should be designed to allow certain number of
beekeepers to keep a small number of swarms, rather than a large number of swarms

per location, considering the carrying capacity of the entire region.

(3) Gaps and Implications

Urban beekeeping brings various benefits such as pollination, crop
production, and community building, but it also has risks such as sting damage, fecal
damage, and competition with native species. Therefore, in order to maximize the
benefits and minimize the risks of urban beekeeping, a balanced set of rules is
necessary. By comparing the “Apiculture Promotion Act” and “Act on Domestic
Animal Infectious Diseases Control,” it can be confirmed that out of the six functions
of urban beekeeping, there are three items addressed in Japan, including (1)

“Agricultural products,” (2) “Pest control,” and (3) “Pollination services.” Other
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items related with “Biological conservation,” “Safety,” and “Community formation”

are limited.

The “Biological conservation” is strongly related to the “Invasive Alien
Species Act,” but considering the industrial importance of beekeeping, it is unlikely
to be a subject of regulation. In addition, there are prefectures that do not distinguish
between Apis cerana and A. mellifera in the information of beekeepers, which
potentially impact biodiversity conservation. As for ensuring the “Safety” of
residents and others, there are several existing laws that restrict the keeping of
dangerous or odoriferous animals, but these are limited and covers mammals, birds,
and reptiles. The arthropods, including honeybees, are generally excluded and thus it

would be difficult to add bees to these existing laws.

For “Community formation” through beekeeping, other countries such as
ICLEI Europe’s Pollinator Friendly City, have measures that link beekeeping with
environmental education for the general public. Since urban beekeeping is frequently
conducted in densely populated areas, it is potentially prone to the occurrence of
nuisances and conflicts. Although a large percentage of urban beekeepers are
hobbyists, it has been pointed out that there are participants that lack the literacy
necessary for the soundness of urban beekeeping, such as compliance with laws and
regulations, prevention of nuisance behavior, and countermeasure techniques
(Terasaki et al., 2015). In order to reduce such concerns, it is integral to clarify the
rules to be observed and to spread awareness. It would also be effective to include
participation in education and training as part of the requirements for urban

beekeeping.
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In general, it is difficult to improve the governance of urban beekeeping
solely by amending national laws. Other measures such as local government
ordinances allow for a relatively high degree of freedom and may be more likely to
address problems caused by urban beekeeping. For example, beekeeping ordinances
could easily include aspects such as biological conservation, community building,
and specific restrictions to reduce nuisance behavior in urban beekeeping. In fact, the
guidelines formulated by Hiroshima, Shimane, and Shizuoka prefectures include
consideration of stings and feces nuisance (without specific methods) (Shimane
Prefecture Beekeeping Guidelines, 2020; Shizuoka Prefecture Beekeeping

Guidelines, 2013; Hiroshima Prefecture Beekeeping Guidelines, 2021).

When considering urban beekeeping from the standpoint of administering
laws and regulations, other elements need to be considered. Under the two laws
presented above, there are specialists related to beekeeping that are obliged in
coordinating hive placement and inspection for infectious diseases in each prefecture.

At municipal level, however, there will be few bee specialists.

Each prefecture should explore the possibility of formulating prefectural
urban beekeeping ordinances rather than guidelines in order to ensure its
effectiveness on an ongoing basis. This is because on-site inspections and penalties
can be obligatory. Besides, if there is a municipality that seems to be possible to
cooperate, it is possible that the prefecture will devolve some authority to the
municipality. Since it is presumed that such municipalities are medium-sized or larger,
it is thought that administrative resources will be abundant, and it is also suitable for
delegation of authority. Both the prefecture and municipality should be a legal system
that deploys experts, cooperates with each other, and strives to further ensure its

effectiveness.
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Chapter 3. Evidence-Based Regulations

In chapter 2.1, it was found that there are urban beekeeping ordinances in the US
and Australia. Most of the ordinances related to urban beekeeping were related to safety,
and there were about 10 items, such as the density of hives that can be kept, the installation
of barriers, and the installation of setbacks and water supply. These regulations have
specific standards set, such as “at least 10 meters from the property boundary” or “a solid
barrier of at least 6 feet in height”. In this chapter, a detailed analysis of the regulatory
items related to urban beekeeping and the basis on which these regulatory contents are

formulated are presented.

3.1. Comprehensive Systematic Review

Initially, a systematic search was conducted to investigate the existence of
ordinances on urban beekeeping. For the United States, a private law search database
(known as “LexisAdvance” authorized by Lexis Nexis Co., Ltd.), was used to search at
the state and city level from August 17,2021 to September 15, 2021. In the United States,
there are several classifications of local government, such as county, township,
municipality, school district, and special district, in addition to state government. In this
review, the municipal government, which is the most universal unit, was selected as the

target.

For Australia, the free access website (known as “AustLII” abbreviated from
Australasian Legal Information Institute provided by the Free Access to Law Movement
[FALM]) was used to search for state-level ordinances from 18 to 25 September 2021.
For local governments in Australia, the survey was conducted at the council level. Since
searchable database for bylaws set by councils was not available, the Google search

engine was used as an alternative with the following search command “local laws
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beekeeping” + “[council name]” + “[state name].” The command applied in this chapter

is different from Chapter 2.1, which used the Google Scholar database.

Since there are no ordinances related to urban beekeeping in Japan, the analysis
was conducted instead using the ordinances related to beekeeping, which were extracted

in Chapter 2.2.

After confirming the content of the confirmed local government regulations,
classification was conducted according to the regulatory items listed in Chapter 2.1. These

data were analyzed by items, countries, and local governments.

Next, 27, 26, and 11 local governments were selected from the United States,
Australia, and Japan, respectively, and detailed interviews were conducted.
Communications were initiated by sending emails to inquiry desk of each municipality to
request for interviews. For those municipalities that did not respond, emails were sent at
least twice to request their cooperation. Telephone interviews, when possible, were also
conducted to those municipalities that responded particularly during the COVID-19 crisis
period since 2020. During the interviews, it was thoroughly checked whether the details
set in the regulatory items (number and density of hive boxes, height and length of barriers,
setback distance, distance from hive to watering hole, etc.) were formulated based on

evidence, and whether scientific or empirical evidence existed or not.

3.2. Results

In Australia, eight states had developed their own urban beekeeping rules
(100.0%), while 14.0% of all councils had developed rules. In the United States, one state
(Oregon) had developed its own rules for urban beekeeping (1.8%), and 581

municipalities had developed rules at the city level (3.0%) (Table 3.1). Japan has not yet
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developed any rules on urban beekeeping at either the prefectural or municipal level.
However, in Osaka Prefecture, there is a rule that prohibits urban beekeeping (a setback

of 20 m from the property boundary is required).

The regulatory items and the percentage of regulations formulated are shown in
Table 3.2. Differences can be seen in the regulatory items between the United States and

Australia, though, these differences are not significant.

A structured survey was conducted to municipalities with regulations on urban
beekeeping in Australia and the United States in addition to Japan (Table 3.3). Since there
is no ordinance on urban beekeeping in Japan, interviews were conducted to local
governments about beekeeping in general (Table 3.4). They were asked about the

evidence of setting the regulatory items set in their ordinances and guidelines.

A total of 27 valid responses were received from the local governments of the
three studied countries (Table 3.5). One council in Australia (16.7%), six municipalities
in the United States (66.7%), and seven in Japan (70.0%) responded that there was

evidence for the content of the regulations (cf. Table 3.6, 3.7).

The breakdown of evidence-based regulations on urban beekeeping was 55% of
“Existing rules set by other bodies (e.g., state, neighboring municipalities, and NGOs)”
and 45% of “Expert judgment” (cf. Figure 3.1). There were no municipalities identified

that developed the guidelines based on scientific evidence.
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Table 3.1. Percentage of local governments with regulations in urban beekeeping.

No. of governments set

L. No. of . % of
Nation Criteria regulations for Urban
government . governments
beekeeping

State 8 8 100.0%
Australia )

Council 537 75 14.0%

State 55 1 1.8%
Us —

Municipality 19,522 581 3.0%

Prefecture 47 0/ (1) 0.0%
Japan o

Municipality 1,718 0 0.0%

Table 3.2. Regulatory items of urban beekeeping at the municipal/council level in the United States

and Australia.

Regulation items US (400) Australia (68)
No. % No. %
Registration 118 29.5% 31 45.6%
No./density 219 54.8% 51 75.0%
Minimum area 44 11.0% 13 19.1%
Species 73 18.3% 3 4.4%
Area/Zoning 168 42.0% 16 23.5%
Barrier 202 50.5% 30 44.1%
Setback 255 63.8% 46 67.6%
Water supply 228 57.0% 35 51.5%
Neighborhood awareness 20 5.0% 3 4.4%
Responding to troubles 2 0.5% 0 0.0%
Training/education 13 3.3% 3 4.4%
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Table 3.3. List of the local governments interviewed in Australia and the United States (cf. Appendix

for interview data).

3.2. Results

Australia United States
State Council State Municipality
1 New South Wales - 1 Oregon -
2 South Australia - 2 Alabama Gadsden
3 Tasmania - 3 Arizona Pima County
4 Victoria - 4 Arkansas Bella Vista City
5 New South Wales  City of Canterbury Bankstown 5 Arkansas Little Rock
6 New South Wales  Coolamon Shire 6 California Moraga
7 New South Wales  Kempsey Shire 7 Colorado Castle Pines
8 New South Wales  Muswellbrook Shire 8 Connecticut New Britain
9 New South Wales  City of Parramatta 9 Georgia College Park
10 Queensland Gold Coast City 10 Ilinois Belvidere
11 Queensland Livingstone Shire 11 Iowa Decorah
12 South Australia Town of Gawler 12 Louisiana Patterson
13 Tasmania Hobart City 13 Massachusetts ~ New Bedford
14 Victoria Greater Shepparton City 14 Michigan Grand Haven
15 Western Australia ~ Augusta-Margaret River Shire 15 Minnesota Elk River
16 Western Australia ~ Bayswater City 16 Mississippi Vicksburg
17 Western Australia ~ Belmont City 17 Missouri Maryland Heights
18 Western Australia ~ Canning City 18 Montana Great Falls
19 Western Australia  Cottesloe Town 19 Nebraska Dakota City
20 Western Australia ~ Gosnells City 20 North Carolina  Oak Island
21 Western Australia ~ Mundaring Shire 21 Oklahoma Lawton
22 Western Australia ~ Northam Shire 22 Rhode Island East Providence
23 Western Australia  Perth City 23 Texas Killeen
24 Western Australia ~ Rockingham City 24 Virginia Isle of Wight County
25 Western Australia  Victoria Park Town 25 Washington Seattle
26 Western Australia ~ Vincent Town 26 West Virginia ~ Ranson
27 Wisconsin Fitchburg
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Table 3.4. List of the local governments interviewed in Japan (cf. Appendix for interview data).

Prefecture

Japan

Municipality

Osaka
Tokyo
Saitama
Hokkaido
Fukuoka
Aichi
Akita
Yamagata
Okinawa

Okinawa

Ogimi

Table 3.5. Number of the valid responses obtained in the in-depth interviews (cf. Appendix for

interview data).

Nation Local government Interviewed Valid Name of local government
responses
Australia State 4 1 Victoria
Council 22 5 Muswellbrook Shire, Bayswater City,
Belmont City, Rockingham City, Victoria
Park Town
uUsS State 1 1 Oregon
Municipality 26 9 Little Rock (Arkansas), Moraga
(California), College Park (Georgia),
Grand Haven (Michigan), Elk River
(Minnesota), Great Falls (Montana),
Dakota City (Nebraska), Killeen (Texas),
Fitchburg (Wisconsin)
Japan Prefecture 10 10 Osaka, Okinawa, Tokyo, Saitama, Akita,
Hokkaido, Fukuoka, Aichi, Ehime,
Yamagata
Municipality 1 1 Ogimi
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! scientific Evidence

0%

Expert judgmant
455,

Existing mibes set .
by ather bodies
55%

Figure 3.1. Ratio of the different types of evidence-forming bodies (experts’ judgment, scientists, and

other groups such as non-government organizations).
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3.3. Discussion

3.3.1. Establishing Urban Beekeeping Rules

In Salkin (2014), the rules of urban beekeeping are more often developed at the
state or the municipal level than at the national level for the United States. Similar results

were obtained in this study, although the situation varied in each country analyzed.

In Australia, all states developed their urban beekeeping rules (including state
laws, bylaws and guidelines) and 14% of Councils developed their own rules. These
findings indicate that at least all local governments in the country are covered by some
urban beekeeping rules. State rules, in principle, allow urban beekeeping, so unless the

Council imposes a ban, urban beekeeping is in principle possible.

In the United States, it is unusual for states to formulate rules for urban
beekeeping; in most cases, rules were formulated at the municipality level. However, the
percentage of municipalities that have actually developed rules for urban beekeeping is
small at 3.0%. This is in line with Larson et al. (2020) that rules for beekeeping, in general,

have not been formulated in municipalities.

In Japan, there are no local governments that have formulated rules in urban
beekeeping. Despite the lack of regulations, urban beekeeping is being practiced in more
than 100 cities in Japan (Mitsumori, 2020), and the number of troubles is increasing
(Akamatsu and Nakamura, 2002; Production Bureau Livestock Department, Ministry of
Agriculture, 2017). It has also been identified that hobbyist beekeepers, who are mostly
found in urban areas, are less literate and more likely to cause troubles in terms of legal
compliance and maintenance of bee-health (Terasaki et al., 2015). Given these

circumstances, it is necessary to formulate rules for urban beekeeping in Japan as well.
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According to existing literatures, it is suggested that urban beekeeping regulations
should be established and implemented in metropolitan cities to maximize the benefits
(e.g., pollination function) while minimizing the risks (e.g., stinging incidents). Some of
the ordinances identified in the analysis have been amended in recent years to allow urban
beekeeping to be implemented. As Sponsler and Bratman (2021) pointed out, there is a

greater demand in urban areas for future studies.

3.3.2. Importance of Evidence-based in Urban Beekeeping

Amongst the local governments identified in the three countries, 44.0% (11/25)
responded that they have “no evidence/not identified.” Even among the governments that
responded with evidence, most of them referred to regulations established by “other
governments,” such as neighboring governments, or complied with “expert judgements”
from local beekeepers or researchers, and none of them (0%) set standards based on
scientific evidence such as papers or experiments. These results indicate that most of the

regulations in urban beekeeping lack scientific evidence.

In theory, it is hard to define optimal density of hives and distances between
apiaries, as they vary with the total amount of nectar plants in the surrounding area and
with seasonal changes (Al-Ghamdi et al., 2016). In contrast, standards set to ensure safety
for the residents in the vicinity, such as setbacks and barriers, are relatively easy to obtain
empirical results (Garbuzov and Ratnieks, 2014), but no scientific evidence was provided

for these standards either.

(1) Carrying capacity
In London and Paris, the number of urban beekeepers is relatively high, with
a density of more than 10 hives per square kilometer (Laboratory of Apiculture and

Social Insects, 2013; Ropars et al., 2019). There are indications that the nectar
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resource is already depleted in London (Davenport, 2012). Competition among
beekeepers for nectar resources has been around for longer periods, and it may
become more apparent in urban areas. Hive density standards set by the government
have been used in some cases to determine the number of hives that can be installed
(e.g., up to two swarms per location) and in other cases to determine the number of
hives that can be installed based on the site area (e.g., More than 2 hives on an
allotment area greater than 400m” and less than 1000m?). However, based on the

interviews, most of these figures seem to have lack scientific evidence.

Several NGOs, such as the Colorado State Beekeepers Association and the
New York City Beekeepers Association, have developed their own guidelines for
urban beekeeping, pointing out that the number of hives that can be installed should
be based on the environmental carrying capacity that is based on the amount of nectar
plants present and the number of beekeepers in the neighborhood (Colorado State
Beekeepers Association, 2017; New York City Beekeepers Association, 2018).
Although there is a long history of research on determining environmental carrying
capacity from the amount of nectar plants, few research results currently exist that
can be used in the context of urban beekeeping (Al-Ghamdi et al., 2016). Most of the
existing studies have attempted to determine carrying capacity by measuring the
amount of nectar plant resources. Given the fact that urban environments are not
homogeneous, and that there are number of small-size nectar sources such as
community gardens and balconies that are planted opportunistically and are not stable,
a nectar plant approach may be impractical (Al-Ghamdi et al., 2016), which measures
the carrying capacity based on honey production itself, may be more useful in urban

arcas.
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(2) Biodiversity conservation

With the enormous benefits that pollinating insects bring to humanity, the
emergence of CCDs, and the expansion of urban agriculture, urban beekeeping
appears to have been accepted and expanded almost uncritically in certain places
around the world over the past two decades. Recently, however, certain risks have
also come into focus (Egerer and Kowarik, 2020). A prime example is competition
with native pollinators: Henry and Rodet (2018) showed that keeping bees at high
densities in urban areas has a negative impact on the bees themselves as well as on
wild bee species. Thus, artificially introduced bees may negatively impact pollinators

originally found in urban areas through competition for resources.

In Japan, where Apis cerana japonica, a close relative of A. mellifera lives,
competition between the two species is known (Gross et al., 2019), but is currently
not taken into consideration with regard to urban beekeeping rules from the
perspective of conservation of the native species. Biodiversity risks also exist within
Apis mellifera itself. There are more than 30 subspecies of A. mellifera, and efforts
have begun to stem the genetic contamination associated with artificial migration

(Fontana et al., 2018).

Furthermore, urban beekeeping practice has value in environmental education
(Egerer and Kowarik, 2020; Skelton, 2006). Activities can be geared towards
minimizing biodiversity conservation concerns such as competition with native
species. Generally, the severity of the phenomenon of competition between wild
pollinators and introduced honey bees in urban areas remains uncertain (Ropars et

al., 2019) and requires further data gathering.
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(3) Pest control

Recently, the pathogen spillover infectious through beekeeping has raised a
concern (Alger et al., 2019; Nanetti et al., 2021). It is generally estimated that people
in urban areas are hobby beekeepers, including those who lack necessary knowledge
and experience, and that keeping bees under unfavorable conditions has become a
potential hotbed for the spread of infectious diseases (Terasaki et al., 2015). In
addition, in suburban professional beekeeping, the distance between apiaries is
frequently more than a few kilometers, while in urban beekeeping, the distance
between apiaries may be shorter. These situations indicate that infections are more
likely to spread in urban areas. It will be necessary to collect information on

beekeepers’ keeping conditions and to expand educational programs for beekeepers.

(4) Safety

Bans on urban beekeeping are usually motivated by concerns for public safety
(Moore and Kosut, 2013). The African honey bee Apis mellifera scutellata, a
subspecies of the Western honey bee Apis mellifera, and its hybrid, the Africanized
honey bee, have caused 11 deaths by 2019 due to aggressive and feral swarms
(Rahimian et al., 2020). To formulate effective beekeeping ordinances, local
governments need to address concerns about nuisance behavior (Salkin, 2012). The
most common regulation is a limit on the number of hives, and other minimum lot
sizes and densities have been shown to help control nuisance (Salkin, 2012), but there
is little scientific evidence (Garbuzov and Ratnieks, 2014; Matsuzawa and Kohsaka,

2022).

Inadequate regulations may make urban beekeeping impossible (Berquist et
al., 2012; Matsuzawa and Kohsaka, 2021). In establishing conservation policies,

evidence of the benefits and risks of urban beekeeping must be provided, as well as
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improving the social benefits of beekeeping (Egerer and Kowarik, 2020). The

acceptability of the evidence to ensure safety is further discussed in Chapter 4.

In summary, the rules of urban beekeeping were mainly established at state
and municipality level. In Australia, the rules are established generally at the state
level and cover the whole country. Though, there were cases that established
individually at the city (council) level. In the United States, regulations were
established mainly at the city (municipality) level, and were more common in cities
with larger populations. In Japan, there were no rules documented at any level. Rules
on urban beekeeping and apiculture frequently included numerical regulations (e.g.,
barrier heights and setback distances), but these are mostly based on experts'
judgements and other bodies (e.g., other governments or NGOs). It is implied that
the official rules based on scientific evidence are not well established yet. The
following chapters present empirical analyses of the potential of evidence-based to

urban beekeeping regulations.
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There is an increasing trend of municipalities adopting urban beekeeping as part
of their environmental policies (Wilk et al., 2019). However, concerns from local
residents to urban beekeeping are growing mainly due to safety and property disputes
(Gallay, 2018). This in turn results in a need to establish suitable rules and regulations
that maximize profits while minimizing the risks such as nuisances (Salkin, 2012).
Regulations of urban beekeeping are usually motivated by concerns for public safety
(Moore and Kosut, 2013). For instance, to reduce the probability of physical encounters
between bees and the people, “Setbacks,” “Flyaway Barriers,” and the number of hives
that owners can keep on their property are common requirements to decrease the potential

nuisance effect of beekeeping operations (Salkin, 2012).

To date, studies examining the effectiveness of regulatory items in urban
beekeeping are still limited. One of the few cases is the study conducted by Garbuzov and
Ratnieks (2014), wherein the effectiveness of barriers for flyway control was examined.
The purpose of installing setbacks, which are defined as the distance of hives from the
property boundary and/or street to raise the flight path upwards, and flyaway barriers,
which refer to a solid wall or fence, or a dense hedge that helps increase the flight height
of bees, is to control flyways and to lead the bees above human head height. Their study
compared the flight height of honey bees with and without barriers and proved that
barriers are effective at raising the mean honey bee flight height, however, results did not
provide data from more than 3.6 m above the ground because they measured the height
by video recording honey bees passing across a 3.6 m high whiteboard. The “3.6 m”
height appears to be quite insufficient when considering the flying height of honeybees
in apiaries. In addition, major parallax error is included by using a single video image.

These factors suggest that the observed heights could have contained considerable errors.
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To evaluate the effect of barrier location and height, multiple fence types and
accurate measurement methods should be used in an experimental space with sufficient
height. Though there are various methods developed for spatial localization in the wild of
flying small animals such as insects (Reynolds and Riley, 2002; Smith et al., 2021), there
is still, in general, a gap in the available observation methods for sufficiently measuring
the flying altitude of honey bees at the apiary scale. For instance, visual and camera
measurements have weaknesses in terms of accuracy, labor, and observable range while
radio-frequency identification tags are small and lightweight and can be mounted on
insects as large as honey bees, but their relatively short measurable range (usually a few
centimeters) limits their use (Nunes-Silva et al., 2019). The retroreflector-based tracking
system can track the behavior of honeybees within 35 m at a low cost (Smith et al., 2021),

but it is difficult to acquire numerous individuals in a short period.

This chapter, which is already published (Matsuzawa and Kohsaka, 2022)
supported this knowledge gap by presenting a preliminary experiment of the effects of
fences and setbacks on honey bee flight height, as these are often set within the
regulations of urban beekeeping. Since current measurements of flight heights of insects
are still in progress, this chapter also provided methodological implications of using a 3D
laser scanner, which is non-destructive, does not attach observers to the insects, and can
accurately acquire a large amount of data in a short time, to localize the bees. The
experimental setup and other methods are elaborated in the succeeding sections. The data
acquired in this work were then statistically analyzed to examine the effects of the fence
location and height as well as the distance from the hives on flight height. The findings
presented in this chapter provide valuable data for improving urban beekeeping

management and implementing evidence-based regulations.
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4.1. Experimental Setup, Procedures, and Analyses

The experimental apiary site, which is a 32 x 42 m open cropland is located at
the Uchino, Oshino-mura village, Minamituru-gun, Yamanashi prefecture, Japan
(35°27°19.44” N, 138°52°29.73” E) (Figure 4.1). It is situated in a perfectly flat
agricultural field, with an area of 4 km in the east-west direction and 2 km in the north-
south direction. There are some fields of cabbage and corn around this agricultural field.
The elevation is 963 m and the site is surrounded by mountains with altitudes ranging
from 1200 to 1500 m. The preliminary half-day experiment and observations were
conducted from 7:00 to 13:00 on 20 August 2021 to minimize variables such as weather,
blooming conditions of nectar plants, and honey bee populations. The weather was sunny

with occasional clouds and scattered rains at the end of the experiment.

Three powerful hives of honey bees, Apis mellifera, were imported from another
apiary, which was located 5 km away from the experimental site, at midnight two days
prior to the start of the experiment. These hives were installed on concrete blocks facing
west-northwest and kept at a 1 m distance from each other. The entrances of the hives
were located 15 cm above the ground and opened during the daytime before the day of
the study. The area for analyzing the location of honey bees was defined as 30 m in front
of the hive, 10 m in the lateral direction, and 20 m towards the sky, using the entrance of

the central hive as the origin point of the Euclidean space (Figure 4.2).
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Figure 4.1. (a) Site of the experimental apiary in Japan; (b) Aerial image of the experimental apiary;
(c) Hives and lattice fences installed in the experimental apiary, with a 3D laser scanner set next to
the lattice fence (Photographed in the Yamanashi Prefecture, August 2021 by the author) (retrieved

from Matsuzawa and Kohsaka, 2022).
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In a previous study (Garbuzov and Ratnieks, 2014), no significant difference was
recorded between lattice fences and hedges as types of barriers; thus, in this experiment,
the lattice fence was used, which was relatively easy to install. Two heights (low and
high) of wooden skeleton lattice fences (“lattice fence 90x180 cm”, Cainz Co. Ltd.,
Honjo-shi, Saitama, Japan) were constructed as barriers. The low barriers had a height of
90 cm and a width of 540 cm while the high barriers had a height of 180 cm and a width
of 540 cm. These heights were chosen based on the previously conducted comprehensive
review by Matsuzawa and Kohsaka (2021), where most cases in the United States have

heights ranging from 90 (180 cases) to 180 cm (156 cases).
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Figure 4.2. Layout of the experimental apiary. The lattice fence was placed 1 m or 5 m from the hive,
and the 3D laser scanner was placed directly next to the lattice fence (retrieved from Matsuzawa and

Kohsaka, 2022).
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These fences were installed within a few minutes and placed at 1 m or 5 m from
the hive entrance (Figure 4.2). Honeybees memorize the height of the barrier, which can
influence the flying height (Garbuzov and Ratnieks, 2014). Thus, to minimize the effect
of memory, five different fence types were installed, as reflected in Table 4.1. Each of the
lattice fences had gaps through which bees could pass. However, bees passing through
the fences were rarely observed throughout the experiment. Although the lattice fence
used in this experiment has gaps, the effect of raising the flight heights of bees can be

enhanced by using a solid wall or dense vegetation.

Table 4.1. The types of fences installed and their corresponding sequence and time. (modified from

Matsuzawa and Kohsaka, 2022).

Fence . . Height of Experimental Sequence and
Distance from Hives
Type Barrier Time
A None None Ist (7:34-)
B Far (5 m) Low (0.9 m) 2nd (8:46-)
C Far (5 m) High (1.8 m) 3rd (9:52-)
D Near (1 m) Low (0.9 m) 4th (11:15-)
E Near (1 m) High (1.8 m) 5th (12:20-)

To determine any data error caused by animals other than honeybees, we
conducted a flying animal capture test the day before the experiment. In this test, we
installed an insect net with a diameter of 50 cm on a pole 250 c¢m in length and swept
while walking 500 times at various heights to capture flying animals. A total of eighteen
individuals of six insect species were captured (Table 4.2). All insects except Apis
mellifera and Vespa simillima were smaller than 2 mm, so they would not be detected by
the laser beam profiler. During the experiment, butterflies (Nymphalidae gen. sp.), beetles

(Scarabaeidae gen. sp.), and barn swallows (Hirundo rustica) passed through the
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experimental area less than five times. Hence, most of the plots detected by the laser

scanner in this study were considered as honey bees.

Table 4.2. List of the insects captured in the sweeping test, which was conducted 500 times in the

experimental apiary (modified from Matsuzawa and Kohsaka, 2022).

Scientific Name Body Size (mm) Number of Individuals (%)
Apis mellifera 12-14 13 (72%)
Vespa simillima 22 1 (5.6%)
Psilopa polita 2 1 (5.6%)
Phoridae gen. sp. 1 1 (5.6%)
Drosophilidae gen. sp. 1 1 (5.6%)
Aphididae gen. sp. 1 1 (5.6%)

The locations of honey bees were detected using a GLS-2200 laser scanner
(Topcon Corporation, Tokyo, Japan) in high-speed mode, with 120,000 laser points/s
(Class 3R) covering the entire experimental area. The laser, which was irradiated at a
density of 12.5 mm and a distance of 10 m from the instrument, was placed just beside
the barriers outside the analysis space (10 x 30 x 20 m). This machine was developed to
create high-quality 3D images by irradiating more than 100,000 lasers per second in all
directions. Due to the high density of lasers, flying objects in space can be detected, but
such data are usually considered as “noise”. These “noises” in this methodology were used
as the location data points of the honey bees. Since the size of a honey bee is approximately

12—14 mm, one individual that would correspond to one point was considered.

Though a single scan can capture the entire apiary, 24 scans were completed for
each of the five fence types to increase the number of samples. Though, there were 22
scans completed for fence type 5 due to rain. Each scan took approximately 1 min and 30

s, and the data from the 24 or 22 scans were merged into one for each fence type in the
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application. The number of plots of honey bees captured by the 3D scanner is shown in
Table 4.3. The obtained point cloud data were manually segmented into bees and
background using the point cloud processing application QuickStitch (EIVA,
Skanderborg, Denmark). The point cloud data were then converted to relative locations
from the origin, and the distances from the hive were classified into four categories
(distance0: 0—1 m, distancel: 1-5 m, distance5: 5-10 m, and distancel0: >10 m) for

statistical analysis.

Table 4.3. Number of honey bee plots observed by the 3D scanner (modified from Matsuzawa and

Kohsaka, 2022).

Fence Height and Number of Number of Honey Bee Plots in the
Type Distance Honey Bee Plots Analysis Space (W 10 m*L 30 mxH 20 m)
A No barrier 2007 845
B Far-Low 3004 752
C Far—High 1190 634
D Near—Low 1099 633
E Near—High 1329 671
Total - 8629 3535

The data collected from the flight height measurements were used to analyze the
effects of the distance between the hive and the barrier and those of the height of the
barrier on the flight height of the honey bees. All statistical analyses were performed using
EZR (Easy R) software (Kanda, 2013), which is a modified version of R commander
designed to provide statistical functions frequently used in biostatistics. Friedman’s test
was used to determine the differences between the fence types (A—E) and distance classes
(0, 1, 5, and 10). When statistically significant differences (significance level was set at
5%) were detected among the groups, a Bonferroni correction was used for multiple

comparisons.
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4.2. Results

Analysis was conducted to evaluate the null hypothesis of this study, which states
that the population followed a normal distribution. Based on the Shapiro—Wilk normality
test, all combinations excluding one case (fence type A x distance 10) were not normally
distributed (p < 0.05), thus rejecting the null hypothesis. The same test was conducted for
the flight height dataset and similar results were obtained, rejecting the null hypothesis.
Based on the normality test results, non-parametric methods were used to further analyze

the data.

The Friedman test performed for fence type and distance class showed significant
differences between all types and classes (p < 0.001). Bonferroni’s multiple comparisons
were then conducted as a post-hoc test. For fence type, fence type C had a lower flying
height than that of all the other fence types (p <0.001, Figure 4.3a). For the distance class,
all combinations were significantly different (p < 0.001, Figure 4.3b), and the flying

height increased with the distance from the hives.

Kruskal-Wallis test was also conducted based on the set conditions, and the results
showed a significant difference for distance class 0 (p < 0.001) (Figure 4.4a), distance
class 1 (p <0.001) (Figure 4.4b), and distance class 5 (p <0.001) (Figure 4.4c). However,
for distance class 10, the results did not show any significant difference (p = 0.69) (Figure
4.4d). Subsequently, Bonferroni’s post-hoc pairwise comparison tests were performed on
combinations for which significant differences were detected (p < 0.05). For distance
class 0 (0—1 m from the hives), the results showed a significant difference in fence types
DD >A,p=0.025), E(E>A, p<0.001), and C (C <A, <0.001) (Figure 4.4a). For
distance class 1 (1-5 m from the hives), the results showed a significant difference in

fence types E (E > A, p < 0.001) and C (C <A, p <0.001) (Figure 4.4b). For distance
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class 5 (5-10 m from the hives), the results showed a significant difference in fence types

E(E>A,p<0.022)and C (C> A, p<0.001 and C> B, p <0.001) (Figure 4.4c).
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Figure 4.3. Difference in flying height by (a) fence type and (b) distance class. Letters above the error
bars represent the results of Bonferroni’s post-hoc pairwise comparison test. Error bar heights are

means = standard error (retrieved from Matsuzawa and Kohsaka, 2022).
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Figure 4.4. Effect of fence type on flight altitude. Average flying height for (a) distance class 0 (0-1
m), (b) distance class 1 (1-5 m), (¢) distance class 5 (5-10 m), and (d) distance class 10 (>10 m). (a—c)
showed significant differences among fence types, while (d) showed no significant differences. Letters
above the error bars represent the results of Bonferroni’s post-hoc pairwise comparison test. Bar

heights are the means * standard error (retrieved from Matsuzawa and Kohsaka, 2022).
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4.3. Discussions

4.3.1. Effectiveness of the Barriers - Location and Height

The purpose of this study is to reveal the effect of barrier installation on the flight
height of honey bees. The three evaluated parameters, which included the fence position,
height, and distance from the hives, were found to affect the flight height of honey bees.
The barriers were effective at increasing the flight height both at 1 and 5 m from the hives.
However, the honey bees are likely to increase their flight height with distance from the
hives regardless of the presence of the fences (Garbuzov and Ratnieks, 2014). Therefore,

barriers are more likely to be effective if placed closer to the hives.

In this study, 1.8 m (6 ft) and 0.9 m (3 ft) high barriers were used, and both showed
positive effects on the flight height, although the effect of the 1.8 m barrier was greater.
Fence type E (1.8 m barrier placed 1 m away from the front of the hives) showed an
average flight height of 1.84 m (+0.09, standard error) at distance class 1 (1-5 m from the
hives), and fence type C (1.8 m barrier placed 5 m away from the front of the hives)
showed an average flight height of 2.59 m (+0.22, standard error) at distance class 5 (5—
10 m from the hives). Based on these results, it can be expected that this system will be
effective at preventing nuisance regardless of its location. These further suggest that
fences in-stalled as close as 1 m from the hives are sufficiently effective. These findings
can have regulatory implications for designing apiaries in urban spaces, where the

location of fences is often restricted.

For all five fence types, the flying height tended to increase with distance. Even
in the case of no barrier (fence type A), the average height in distance classes 5 (5-10 m)

and 10 (>10 m) was 1.81 and 3.41 m, respectively. This indicates that even without a
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fence, if there is enough distance to the property boundary, nuisance to people is unlikely

to occur, illustrating the effectiveness of the setback.

If the setback is too large, it could be a disincentive for urban beekeeping. The
City of Ontario, Canada, has a 30 m setback, while the Osaka Prefecture, Japan, has a 20
m setback requirement, which essentially prohibits urban beekeeping (Askham, 2013;
Matsuzawa and Kohsaka, 2022). It may be worthwhile for these cities to re-examine

whether they can make their setback provisions shorter.

4.3.2. Limitations and Implications

Though this study is a preliminary in nature, significant results were obtained.
Quite simply, both the barrier and the setback had the effect of increasing the flying height.
Nevertheless, future studies can increase the number of experiments, days, and sites, as
Garbuzov and Ratnieks (2014) observed. Long-term effects of fencing relative to different

seasons can also be investigated.

Another limitation of this work is the accuracy of detecting flying objects other
than honey bees flying more than 3 m above the ground. To improve this methodological
flaw, it is recommended to use a more multifunctional laser device such as wing-beat
modulation LiDAR. These devices have been successfully used (Chen et al., 2014; Tauc
et al., 2019). With a more multifunctional laser device, it may be possible to identify
species and analyze their migration speed and direction. Having said this, the use of a 3D
laser scanner was effective in obtaining 8529 points of highly accurate flight location data
in about five hours, without attaching any sensing devices to the bees. This suggests the
applicability of the equipment in measuring flight heights. Moreover, the data collected
can be analyzed and processed in just a few hours, which is much faster than analyzing

video images or using radio transmitters.
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This study focused on the average flying height of honey bees. There might be a
number of honey bees flying more than the average height, which could bother people.
Thus, increasing the number of flight variations (e.g., lower altitudes) in future studies is
recommended. Garbuzov and Ratnieks (2014) argued that honey bees memorize the
height of the barriers, so the raising effect is unlikely to appear immediately after the
installation of the barriers. Contrastingly, the results of this study revealed that the barrier
raised the flight height even immediately after installation. In the future, more long-term
observations, considering the memory effects, before and after the installation of the fence

can be conducted.

The regulations on urban beekeeping may not be based on scientific evidence,
although there are various provisions such as the number of hives, density, setbacks, and
barrier height. It is not recommended that over-regulation reduces the various benefits
that urban beekeeping could provide. Governments need to develop rules to enable urban
beekeeping while ensuring safety (Salkin, 2012), yet, future studies are required (e.g., the
application of environmental DNA analysis to honey bees’ behavior [Matsuzawa et al.,

2020]) to provide a scientific basis for the regulations, as was done in this study.

Urban beekeeping brings a variety of benefits, but also risks, so it is crucial that
appropriate regulations exist (Egerer and Kowarik, 2020; Matsuzawa and Kohsaka, 2022).
Existing regulations on urban beekeeping often include regulatory items, such as the
number and density of hives, water supply, as well as barriers and setbacks. The effects
of barriers, however, have rarely been tested (Garbuzov and Ratnieks, 2014). The
approach of this study can be used as a guideline in examining and providing evidence

for the effects of these regulatory items.
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Chapter 5. Potential of Environmental DNA Analysis

As the IPBES assessment report suggested, management pollination services are
an urgent global task (IPBES, 2016). In these circumstances, urban beekeeping is gaining
salience in terms of various aspects including ecosystem diversity, genetic diversity of
honeybee, and educational practices. Although the size of urban areas is relatively small
as compared with farmland and other habitats of honeybees, these areas have roles in
maintaining genetic diversity of organisms and enhancing the environmental awareness
of citizens as suggested by existing studies (Kohsaka et al., 2017; Nagamitsu et al., 2016)
and urban beekeeping is expected as a main way of beekeeping. In the promotion of urban
beekeeping, the lack of scientific evidence of behavior of urban honeybee is a serious
issue. To provide scientific evidence, the results presented in Chapter 3 suggest
environmental DNA (e-DNA) analysis can be instrumental in detecting or estimating the

detail of nectar sources.

Identification of honey-source plants with e-DNA analysis technique has been
tried since around 2010 (Figure 5.1, Idea Consultants, Inc., unpublished as of 2020). It
has demonstrated certain advantages over the conventional pollen analysis, but it is not
empirically verified that the level of contribution of each honey-source plant accurately
(Bruni et al., 2015; Hawkins et al., 2015). For instance, in the paddy fields in Fukushima
Prefecture, beekeeping has been conducted with hairy vetches, Vicia villosa after their
decontamination, with the aim to produce a local honey specialty for sale. Thorough
analysis on radioactivity is in place for food safety and has been verified with the eDNA
analysis technique that the product is honey from Vicia villosa. Although DNA is an
effective indicator of honey-source plants, most honey products do not show the results

of their DNA analysis. In Gifu Prefecture where beekeeping is active, it is indicated on
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the label on some of the honey products that they are from cherries and ilexes by their

DNA analysis, but this is one of the few examples.

Figure 5.1. Ratio of plants identified as a honey source (Data retrieved from Idea Consultants,

Inc., unpublished as of 24 May 2016).

This chapter is based on the published peer-reviewed book chapter (Matsuzawa et
al., 2020), which presents the potential application of e-DNA analysis to urban
beekeeping regulations. The results of the analysis enable better understanding of the flora
of the areas around the hives. This method is limited to the identification of plant DNAs
that were visited by bees. Furthermore, this method may not show a correlation between
the amount of DNA and the volume of existing plants. Despite these disadvantages, honey

e-DNA analysis is an effective tool to verify the general trends of honey origins. The
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discussions presented in this chapter can be applied to other cases and contribute to

accumulating the scientific evidence for making relevant policies of urban beekeeping.

5.1. Environmental DNA Analysis

Verifying the quality of high value-added honey is important for the development
of healthy beekeeping industry. Thus, e-DNA analysis can be a constructive tool to
identify origins in case the list on the label contains a plant species that do not grow in
the local area or does not contain the DNA that should be detectable as a species on the
product label, thus misrepresenting the honey and its origin. However, this method is
limited to the identification of plant DNAs that were visited by bees, and it will not show
a correlation between the amount of DNA and the volume of existing plants. Despite these
disadvantages, honey e-DNA analysis is an effective tool to verify the general trends of

honey origins.

In this chapter, e-DNA analysis was conducted to identify the nectar source of
honey produced domestically and compare them with those products sold in the
supermarket. The DNA was extracted based on the methods of Hawkins et al. (2015) and
amplified the DNA using the ITS-p3/ITS-u4 primer pair (Cheng et al., 2016). Then, the
DNA metabarcoding of the plant contained in honey was implemented using the next-

generation sequencer MiSeq.

5.2. Results

The e-DNA analyses were conducted on 14 honey products purchased at high-end
supermarkets in Tokyo (Table 5.1). Acacia single-flower honey is much sought after in
Japan, and it is traded at a high price. The DNA of False acacia (Robinia pseudoacacia)
was detected in all of the seven well-known acacia brands, but it was found to be a

dominant source in four of them. The rest of the products contained DNA of R.
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pseudoacacia as its second dominant source. In some of those sold as honey from a single
source such as astragalus, ilex, amur cork, buckwheat, or manuka, these nominal source
plants were not the dominant sources, or in extreme cases, their DNA was not detected at
all. The results further revealed that none of the products sold as single-flower
honey/monofloral were actually from a single source, which is not surprising since
honeybees visit various flowers. For instance, astragalus honey made in Tokyo is from
three sources while 18 source plants were detected in another astragalus honey made in
Fukuoka. Some of the honey brands tested had plants containing toxic alkaloids as their

source plants.

More than half of the products contained plant DNA on the label, but in certain
products, they were not detected (Table 5.1). For example, DNA of Manuka
(Leptospermum scoparium) was not detected in the Manuka honey analyzed in this study.
Manuka honey may have been shipped after aging for several years after the harvest, so
it is possible that DNA degraded during their aging period because the DNA is generally
unstable and fragile. Since it breaks down over time, there is a possibility that the labeled
honey source cannot be detected by DNA analysis, even in case it is correct. However,
this sample remains suspicious because it has confirmed several plant DNAs normally
growing in New Zealand. Following the accusation that their Manuka honey was fake,
the New Zealand authority has mandated DNA analysis for their Manuka honey since

2018 (Ministry for Primary Industries, 2019).

The results of the analyses also showed unique interesting insights about bee
movement capacity. For instance, in the honey produced near Mt. Fuji (on the side of
Yamanashi Prefecture), the DNA of several types of plants that were not identified in and
around the production area were detected. One of them, Gaultheria pyroloides, distributes

in the alpine area of Mt. Fuji, which was more than 8§ km away in terms of horizontal
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distance and 1500 m in vertical distance from the beehives. This simple result provides
two possibilities: that this plant grows at low altitudes or the bees fly over a distance of
more than 8 km. Another insight was detecting the DNA of a lot of woody plants in the
honey produced, which was typically thought to be sourced from grassland plants. This
finding was supported by previous studies, where woody plants are more prominent as

nectar plants than previously thought (Masaka et al., 2013).

The analyses also found that the DNA of the Varroa mite (Varroa destructor) was
detected in the honey throughout the seasons. Most of the time during the study period,
these parasites were not found through visual inspection, suggesting the applicability of
e-DNA analysis in detecting them. In general, the amount of DNA in a sample is
correlated with the abundance of organisms. Therefore, by monitoring the amount of the
DNA of'the Varroa mite in honey, the level of parasite damage can be predicted in advance

and help provide early countermeasures.

Analysis of whole eukaryotes using the e-DNA analysis revealed the presence of
aphid DNA. The presence of the DNA of aphids and scale insects in honey suggests that
the honey is honeydew. Honeydew honey is produced not from nectar, but from refined
honeydews by parasite insects on plants. It is widely produced as a specialty product in
Germany and New Zealand. In Japan, honeydew honey was not detected until 2019. The
bees kept in the forest make dark honey in August when there are few flowers. It was
assumed that the honey would contain honeydew but with this result, it is identified that

honeydew honey is a constituent in the honey produced domestically (Table 5.2).
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5.3. Discussion

As described in the results, several findings from the novel approach of e-DNA
analysis are to be derived from pollination services to product level. In summary, e-DNA
analysis has the potential to contribute to six domains — pollination services, apicultural
products, pest control, safety, biological conservation, and community formation, which
are all important points to be considered in urban beekeeping regulations. The discussions

are illustrated below from urban beekeeping from a variety of perspectives.

5.3.1. Pollination Services, Apicultural Products, and Pest Control

The e-DNA analysis revealed that honey bees in urban areas use a variety of plants,
including both native species and artificially introduced plants. Though the pollination
function of crops may not seem to be a significant contribution in urban areas at first
glance, it can contribute to pollination of fruit trees that ordinary citizens plant in their

gardens.

There were a few findings from the bee behaviors and apicultural products level
as well. The price of honey varies depending on the origin and nectar source (Ministry of
Finance of Japan, 2021; Ota, 2021). In general, the price of monofloral nectar from a
single nectar source is high in Japan, and the price of multifloral nectar is low. If the nectar
plants are located and targeted well for the pollinators, pollinations may lead to higher
values of the honeys. In current practices, the honey produced from urban beekeeping

remains at lower prices due to scattered nectar sources.

The nectar plants in the label did not necessarily match the indicated on the label
differed from the actual nectar sources of the from the e-DNA analysis results.
Interpretations of these results have significant commercial implications and require

further considerations. There are two possible explanations: first, bees may not access the
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nectar plants assumed by the beekeeper. Second, bees may have used honeys from a
completely different source. What will be a possible way forward to cope with these
challenges? In New Zealand, one of the largest exporters of honey bees (Ministry of
Finance of Japan, 2021) made DNA-based analysis mandatory for manuka honey for
export since 2018 (Kato, 2019; McDonald et al., 2018). Such measures may contribute to
high value-added by making it possible to determine the authenticity of honey being

produced.

Identification of sources is not exclusively about verifications of authenticity. The
measures can be applied to highlight the values of the products. For example, the honey
contained DNA from a variety of non-nectar organisms. Such data are instrumental in
controlling parasites, pests and infectious diseases. In particular, there were cases where
Varroa mite DNA was detected, which may well be a sensitive method of analysis for
detection. It was not possible to examine the mites’ existence with the naked eye in the
hive. As general indicator, the overall number of DNA reads during e-DNA analysis can
serve as rough benchmark of the abundance of organisms (di Muri et al., 2020; Pukk et
al., 2021). Thus, changes in such reads may serve as early alerts trends of parasites or

other diseases in a honey bee hives.

5.3.2. Safety, Biological Conservation, and Community Formation

The implications for the safety are less straightforward and the extents to which
e-DNA analysis can contribute to improving safety are rather still limited. As general
principle, the analysis can distinguish between different groups of bees, therefore in
incidents of nuisances such as stinging and droppings occurs, it may be possible to
identify which group caused the damage. However, no research has been conducted in

the relevant fields yet, thus, these are subject for future investigation.
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The e-DNA analysis has implications for biological conservations as well.
Analysis of DNA in pollen from a hive of honeybees kept in central Tokyo showed that
it reflected to a certain extent the amount of vegetation present in the surrounding area
(Pouilloux, 2019; Tanaka et al., 2020). By identifying the nectar source plants in honey,
this may lead to evaluation of potential biodiversity conservation efforts by visualizing

the values of the honey through its pollination functions.

In urban areas, there is large number of diverse land managers and there are places
which are not freely accessible. Honey bees can transcend such barriers and move freely
in the environment and the results of e-DNA can serve as a monitoring indicator of plant

biodiversity in urban spaces.

As discussed in the results, the honey from Yamanashi Prefecture, a large amount
of Gaultheria pyroloides DNA was identified in the honey. However, the commonly
known habitat of the tree species is more than 8 km away from the apiary. For a long time,
honeybees were believed to fly within a range of two kilometers (Seeley, 2009). Analysis
of DNA in pollen collected by bees suggested that bees could fly about 4km (Tanaka et
al., 2020). Analysis of the honeybee dances showed that they could fly to nectar sources
more than 10 km away, but no evidence was found (Beekman and Ratnieks, 2000). Our
result implies that either there is an unrecognized habitat near the apiary, or the bees fly
more than 8 km. It remains to be seen which are the cases, but the results demonstrate the
high potential of the e-DNA analysis, which may lead to new discoveries useful in

conservation biology.

Lastly, the applications of e-DNA have concrete contributions to the community
as well. For instance, Meiji University analyzed the phenology of nectar plants around

the campus by conducting e-DNA analysis of honey collected from hives set up on
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campus at various seasonal times through the collaboration with companies and residents
who have planted the relevant nectar plants (Omori, 2021). This collaboration promotes

active engagements of ordinary citizens in scientific activities.

In Kyodo-no-Mori, Setagaya-ku, Tokyo, people are working together to manage
honeybee hives set up on the roof of a housing complex. This is an environmental housing
complex with green spaces, where residents gather on weekends to hold small parties
after the harvests. Such activities contribute to form community and connect ties amongst
residents. While planting nectar plants, the residents also conducted e-DNA analysis of
the honey to confirm the effectiveness of the planting. They also sell portions of the
harvest at a high price. Such branding and relevant conservations efforts may also

contribute to increased values in real estate by promoting greening of the property.

From this study, it is suggested that the e-DNA analysis is a constructive tool that
reflects the ecology and behavior of plants and bees themselves, and can support and
motivate the background of various environmental initiatives. Such functions are

instrumental for community building as described in the cases above.
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Chapter 6. Conclusions

This study was conducted to identify whether proper governance exists for urban
beekeeping, which has been expanding in recent years. The regulatory elements are
analyzed first, and what kind of rules and regulations are needed. This study, which
evaluated the current status, problems, and solution policies of urban beekeeping rules
using both social and natural science approaches, provides a valuable contribution to the
government that manages urban beekeeping, particularly in Japan, where rules and

regulations are lacking and existing beekeeping policies are rather weak.

Results of the analyses identified six functions of urban beekeeping, namely:
pollination, biological conservation, pest control, safety, apicultural products, and
community building. In addition, the benefits and risks of each function were documented.
In certain areas of the world (e.g., United States, Australia), where urban beekeeping is
currently practiced, the systematic reviews conducted identified the legal and different
regulatory items such as “Setbacks” and “Installation of barriers.” While most of these

regulations are geared towards ensuring public safety, little scientific evidence was found.

In the case of Japan, there are no legal rules for urban beekeeping, and the legal
governance of general beekeeping is weak, making it difficult to collect the information
necessary for proper governance. Although, this study was able to document that it was
considered appropriate for prefectures to formulate regulations and guidelines on urban
beekeeping in the current situation. In addition, guidelines by NGOs, such as beekeeping
associations and research institutes, are thought to be effective in formulating rules for

local governments.
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The condition that regulations of urban beekeeping should take is a balanced view
of all six functions in order to maximize the benefits while minimizing the risks of urban

beekeeping.

In addition, ecological analysis was conducted so that scientific evidence,
particularly those related to setbacks or height of fence installation can be evaluated. It is
critical to be able to reflect regional characteristics to respond to the diversity of the local
social and/or natural environment based on scientific findings and empirical experiments
this study have demonstrated. For example, that the installation of a 1.8m high barrier and
a 10m setback are effective in ensuring safety based on the discussions in chapter 4. The
flyway was raised by installing a lattice fence. Higher fences can increase the flying
height of honey bees. A fence 1 m from the hive was adequately effective at raising the
flying height. In order to strengthen the legal governance of urban beekeeping, the
adoption of new technologies can be effective as reflected in the application of 3D laser
scanner methods in this study, which showed promising results. For instance, this study
confirmed that using 3D scanners represents an effective method for measuring small
flying insects. Although, more work is needed to provide evidence for at least some of

the regulatory items such as the barriers, setbacks, and watering supply.

The analysis of honey using e-DNA was able to identify nectar and pollen source
plants. The e-DNA analysis is useful in analyzing the components in honey, and is also
likely to contribute in the context of the six functions of urban beekeeping: revealing
nectar plants and phenology in urban areas, conservation of urban biodiversity,
contribution to ecology and behavior, value addition and authenticity of honey,
environmental education, and community building. Furthermore, the results of the
analysis enable better understanding of the correlation between the amount of DNA and

the volume of existing plants and the general trends of honey origins. The findings of this
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study can be applied to other cases and contribute to accumulating the scientific evidence

for making relevant policies of urban beekeeping.

Future studies could also look into socio-ecological contexts of urban beekeeping,
(e.g., Larson et al. 2020; Sponsler and Bratman 2021). Fostering collaborations among
different stakeholders (e.g., citizens, research institutions) is instrumental to secure
commitments to urban beekeeping in the context of pollinator conservation (Gallay 2018;
Nicholls et al. 2020). However, at the local scale, collaborations among different sectors
are common challenges in biodiversity monitoring and management practices (Uchiyama
and Kohsaka 2019; Shih et al. 2020). Nevertheless, from methodological perspectives,
stakeholders’ perceptions in urban—rural settings are found to record good appropriate
information regarding the environment (e.g., Uchiyama and Kohsaka 2021, Quevedo et
al. 2021a; Imai et al. 2018) and effective in providing feedback to management policies

(e.g., Kohsaka et al. 2017; Quevedo et al. 2021b; Kohsaka 2010).
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