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Abstract: Urban beekeeping has gained salience because of its significance in biodiversity conser-
vation and community building. Despite this, beekeeping practices in urban areas have received
negative perceptions from residents, which stem from public safety concerns. There is, therefore, a
need to enhance and/or work on appropriate rules for maximizing the profits while minimizing the
risks. Amongst the present regulations, the installation of barriers and setbacks is the most common
rule for public safety. However, only a limited number of empirical studies have reported on their
effective location and height. Thus, in this study, an experimental apiary was set up with different
types of barriers installed with varying distances to observe and measure flyway patterns of honey
bees. We used a 3D laser scanner, which obtained 8529 points of highly accurate flight location data
in about five hours. Results showed that the heights (1.8 and 0.9 m) of the barriers installed were
effective in increasing the flight altitudes. The distance of the fence, which was installed as close as
1 m from the hives, was effective as well. These findings, which showed that barriers and setbacks
are effective, can have regulatory implications in designing apiaries in urban spaces, where location
is often restricted.

Keywords: urban beekeeping; regulations; barrier; setback; 3D laser scanner; remote sensing;
fence location

1. Introduction

Beekeeping in the context of agroforestry systems is vital for supportinglocalliveli-
hoods (e.g., production of honey and beeswax), particularly in forest villages [1,2]. As
part of the biosphere, bees are considered major pollinators, influencing ecological rela-
tionships, genetic variation in the plant community, floral diversity, specialization and
evolution, and ecosystem conservation and stability [2,3]. In agricultural settings, bees are
essential for crop pollination, and pollination using bees is currently practiced globally
(USA, Australia, New Zealand and Europe) [2,4]. For instance, in Canada, beekeepers
are paid to provide pollination services for hybrid canola seed productions [5]. Despite
their socio-ecological importance, there has been a decline in bee colonies over the last
decade, which has renewed interest in honey bees, particularly in relation to colony collapse
disorder [6]. This in turn has resulted in the global expansion of urban keeping [7], and
scientists have argued that keeping bees in urban settings might be more beneficial for their
survival due to the reduced exposure to agricultural pesticides and limited assortment of
plants for foraging [8,9]. Furthermore, urban beekeeping has gained salience because of
its significance in biodiversity conservation, food production, and community building in
urban areas [10-12].

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
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bees in urban areas [13]. In Los Angeles and New York, they changed their respective
ordinances to allow urban beekeeping [14]. Moreover, pollinator-friendly cities, which
promote the protection of pollinating insects including honey bees and the environment are
on the rise [13]. However, as beekeeping practices in urban areas increase, concerns from
local residents have also grown, stemming from 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 [15]. Thus, there is a need to establish
appropriate rules that maximize profits while minimizing the risks such as nuisance [16].
Regulations of urban beekeeping are usually motivated by concerns for public safety [7].
To reduce the probability of physical encounter between bees and the people, “Setbacks”,
which are defined as the distance of hives from the property boundary, adjacent dwelling,
public facility, and/or street to raise the flight path upwards, “Flyaway Barriers”, which
refer to a solid wall or fence, or a dense hedge that helps increase the flight height of
bees, as well as the number of hives that owners can keep on their property are common
requirements to decrease the potential nuisance effect of beekeeping operations [16].

However, not many municipalities or other governments have set rules for urban
beekeeping to date [17]. In the United States and Australia, where there are relatively more
rules for urban beekeeping, there are approximately 8-10 regulatory items [16,18]. Among
these, in “Lot Size and Colony Density”, “Setbacks”, “Flyway Barriers”, and “Access to
Water”, we can observe cases where specific standards and criteria have been set [18]. It is
unclear whether the present regulations are based on evidence. If not, it is important to
understand what measures can be implemented based on science.

There are limited studies examining the effectiveness of regulatory items in urban
beekeeping. A study by Garbuzov and Ratnieks [19] is one of the few cases that showed
that barriers are effective for flyway control. The purpose of installing setbacks and flyway
barriers is to control flyways and to lead the bees above human head height. However,
there is a large range in the actual numbers specified. For example, the fence heights can
range from 3 to 10 ft, and setbacks can range from 1 to 1000 ft [18]. In the regulations
developed by local governments, there is no indication of scientific evidence regarding the
quantities of regulatory items [18]. Garbuzov and Ratnieks [19] 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, their study 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. 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.

To date, various methods have already been developed for the spatial localization
of flying small animals such as insects in the wild [20,21]. In general, visual and camera
measurements have weaknesses in terms of accuracy, labor, and observable range. Micro
radio-transmitters, in addition to being laborious to install, can affect insect behavior. 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 [22]. Harmonic radar can be utilized over long distances, but requires large
and expensive equipment, making it less practical. The retroreflector-based tracking system
can track the behavior of honeybees within 35 m at low cost [21], but it is difficult to acquire
numerous individuals in a short time. Tauc et al. [23] showed that their light detection
and ranging system could accurately detect the spatial location of individual insects flying
more than 100 m away. However, their light detection and ranging system was designed
for long-range measurements, and thus has a limited measurement range for close-range
apiary-scale measurements.
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At present, there is a gap in the available observation methods for sufficiently measur-
ing the flying altitude of honey bees at the apiary scale. This study aims to address this
knowledge gap by examining the effects of fences and setbacks on honey bee flight height,
as these are often set within the regulations of urban beekeeping. We also evaluated the
methodological implications of using a 3D laser scanner to localize the bees. This method
is non-destructive, does not attach observers to the insects, and can accurately acquire a
large amount of data in a short time. The data gathered 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. These findings will provide valuable data for improving urban beekeeping
management and implementing evidence-based regulations.

2. Materials and Methods
2.1. Study Area

We conducted a preliminary experiment and observations from 7:00 to 13:00 on
20 August 2021, in an experimental apiary site located in the center of Japan (Uchino,
Oshino-mura village, Minamituru-gun, Yamanashi prefecture, Japan; 35°27'19.44"" N,
138°52/29.73"" E). A half-day experiment was preferred 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. This
experimental apiary was located on a perfectly flat agricultural field, with an area of 4 km
in the east-west direction and 2 km in the north-south direction (Figure 1). 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.

Figure 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 first author).
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2.2. Experimental Setup and Procedure

The experimental apiary site is a 32 x 42 m open cropland (Figure 2). The weeds were
removed and reclaimed two weeks before conducting the study.
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Figure 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.

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 2).

In a previous study [19], no significant difference was recorded between lattice fences
and hedges as types of barriers; thus, in this experiment, we only used lattice fence, which
was relatively easy to install. We constructed wooden skeleton lattice fences of two heights
(“lattice fence 90 x 180 cm”, Cain Co. Ltd., Honjo-shi, Saitama, Japan) as barriers, namely
low and high. 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 comprehensive review [18] conducted prior to this preliminary experiment. Based on
the search of urban beekeeping in the United States, most cases have heights ranging from
90 (180 cases) to 180 cm (156 cases) [18].

These fences were installed within a few minutes and placed at 1 m or 5 m from
the hive entrance (Figure 2). Honeybees memorize the height of the barrier, which can
influence the flying height [19]. Thus, to minimize the effect of memory, five different fence
types were installed, as reflected in Table 1: no fence, far low, far high, near low, and near
high. Each of the lattice fences had gaps through which bees could pass. However, we
rarely observed bees passing through the fences 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.
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Table 1. Fence type and experimental sequence.

FenceType  DSENCCHOM  piniof Barier  PPeTimental Sequence
A None None 1st (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 cm 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 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 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 2. List of insects in the capture test. Sweeping was conducted 500 times in the experimental apiary.

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%)

2.3. Measuring Flight Heights

The locations of honey bees were detected using a GLS-2200 laser scanner (Topcon
Corporation, Tokyo, Japan), which 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.
We used these noises as the location data of the honey bees.

Scanning was conducted using the high-speed mode, with 120,000 laser points/s
(Class 3R) covering the entire experimental area. The laser was irradiated at a density
of 12.5 mm and a distance of 10 m from the instrument. Since the size of a honey bee is
approximately 12-14 mm, we considered that one individual would correspond to one
point, but this has not been verified.

Though a single scan can capture the entire apiary, we completed 24 scans for each of
the five fence types to increase the number of samples. Only 22 scans were 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 application. The number
of plots of honey bees captured by the 3D scanner is shown in Table 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 distance10: >10 m) for statistical analysis.
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Table 3. Number of honey bee plots observed by the 3D scanner.

Number of Honey Bee Plots

Height and Number of Honey . .
Fence Type Distance Bee Plots in the Analysis Space
(W10m x L30 m x H20 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

2.4. Statistical Analyses

The data collected 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 with EZR [24], 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 were detected
among the groups, a Bonferroni correction was used for multiple comparisons (group to
group). The significance level was set at 5%.

3. Results

Preliminary 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, we used non-parametric methods 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 3a). For the distance class,
all combinations were significantly different (p < 0.001, Figure 3b), and the flying height
increased with the distance from the hives.

(a) (b)
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Figure 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.
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Therefore, to examine the effect of fence type, the data were divided into distance
classes, and the Kruskal-Wallis test was conducted within the same distance class. When sig-
nificant differences were observed, the Bonferroni multiple comparison test was conducted.

We conducted the Kruskal-Wallis test based on the conditions set, and the results
showed a significant difference for distance class 0 (p < 0.001) (Figure 4a), distance class 1
(p < 0.001) (Figure 4b), and distance class 5 (p < 0.001) (Figure 4c). However, for distance
class 10, the results did not show any significant difference (p = 0.69) (Figure 4d). Subse-
quently, 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 D (D > A, p = 0.025),
E(E> A, p<0.001), and C (C < A, <0.001) (Figure 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 4c). For distance 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 4c).
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Figure 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), (c) 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.

In summary, the 1.8 m high barrier was effective at leading the honey bees to fly
higher. The 0.9 m high barrier had a similar effect, but a less effective one. The flight height
increased with distance from the hives, and the effect of the barriers became less significant
when the honey bees were more than 10 m away from the hives.
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4. Discussion
4.1. Effectiveness of the Barriers (Location and Height of the Lattice Fence)

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 will most likely increase their flight height with distance from the
hives regardless of the presence of the fences [19]. 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 installed 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 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 [9,18]. It may be worthwhile
for these cities to re-examine whether they can make their setback provisions shorter.

In conclusion, this study confirmed that using 3D scanners represents an effective
method for measuring small flying insects. 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. Moreover, the flight heights tended to
increase as the bees moved further away from the hive, and the effect of the barrier could
not be confirmed when the distance was >10 m.

4.2. Methodological and Management Implications

Various methods have been used to record the location of flying insects. For example,
attaching radio transmitters and radio-frequency identification tags have weaknesses such
as the influences on the insects, time required for attaching, limited number of samples, and
short observable distance [19]. Visual and video camera analyses are also disadvantageous
in terms of the accuracy and time required [21]. The present study used a 3D laser scanner,
which has rarely been used for determining the location of flying insects. Using this device,
we were able to obtain 8529 points of highly accurate flight location data in about 5 h,
without attaching any sensing devices to the bees. Furthermore, the data can be analyzed
and processed in just a few hours, which is much faster than analyzing video images or
using radio transmitters. With a more multifunctional laser device, it may be possible to
identify species and analyze their migration speed and direction.

Urban beekeeping brings a variety of benefits, but also risks, so it is crucial that
appropriate regulations exist [10,18]. 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 [19]. The
approach of this study will be helpful to examine and provide evidence for the effects of
these regulatory items.
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4.3. Limitations and Future Studies

Though this study is a preliminary experiment, 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 [19] 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 in [23,25].

Moreover, this study only 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 [19] 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, we plan to
conduct more long-term observations, taking into account the memory effects, not only
immediately after the installation of the fence.

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 [16], but more work needs to be done, e.g., the application
of environmental DNA analysis to honey bees’ behavior [26] to provide a scientific basis
for the regulations, as was done in this preliminary study.

Future studies could look into socio-ecological contexts of urban beekeeping, e.g., [17,27].
Fostering collaborations among different stakeholders (e.g., citizens, research institutions) is
important to secure commitments to urban beekeeping in the context of pollinator conserva-
tion [15,28]. However, at the local scale, collaborations among different sectors are common
challenges in biodiversity monitoring and management practices [29,30]. Nevertheless, from
methodological perspectives, stakeholders’ perceptions in urban—rural settings are found
to record appropriate information regarding the environment (e.g., [31-33]) and effective in
providing feedback to management policies (e.g., [34-36]) for future development.
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