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m Migratory beekeeping has both ecological and economic benefits. The practice, however,
has certain drawbacks such as risk of disease transmission and pesticide exposure. The
use of Geographic Information Systems (GISs) in migratory beekeeping can potentially
mitigate such drawbacks. However, in South Korea, research on or initiatives to incorporate
GIS into beekeeping practices are lacking. To address this research gap and to enhance the
effectiveness of migratory beekeeping, we have developed a system that incorporates GPS
and temperature-humidity sensors into beehives to provide geographical information-based
services to beekeepers. To evaluate the utility of this system, we distributed it to 39 migratory
beekeepers. As a result, we were able to obtain location information and meteorological data
around the migratory beehives during the honey flow season. Furthermore, we collected
location information from 19 beehives that moved over 1 km during the study period and
calculated the distances traveled. Notably, in early to mid-May, the majority of beehives were
distributed in central and northern regions at latitudes 36.4°N or higher, making up more than
70% of the total. However, after June, approximately 40% of the beehives were found to be
located in southern regions at latitudes 36°N or lower. The distances traveled by the beehives
were longest in early to mid-May and exhibited a temporary increase in mid-June. These results
closely corresponded to the general flowering patterns and geographical locations of acacia
(Robinia pseudoacacia) and chestnut (Castanea crenata) trees. This study provides empirical
data on the routes and distribution of migratory beekeepers during the honey flow season in
South Korea, making it a valuable resource for tailoring research and policies to meet the needs
of migratory beekeepers.

LGOWLCES  Migratory beekeeping, GIS, GPS, Location, Honey flow period

INTRODUCTION produce a large quantity of honey per colony, various
conditions inside and outside the beehive need to be met

Beekeeping is an important activity that provides (Kekecoglu et al., 2007; Sudarsan et al., 2012). Bee-

economic and ecological benefits (Altunel and Olmez,
2019). However, the success of beekeeping depends
on various factors such as weather, vegetation, and
geographical characteristics (Abou-Shaara, 2019). The
primary goal of beekeepers is honey production, and to

http://journal.bee.or.kr/

keepers often move beehives to provide commercial pol-
lination services for crops like almond, a practice known
as migratory beekeeping (Sharma and Bhatia, 2001).
Migratory beekeeping is a common practice world-
wide (Pirk et al., 2014). In the United States, millions
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of beehives are transported by trucks to provide pollina-
tion services for crops such as almonds, blueberries, and
cranberries (vanEngelsdorp et al., 2013; Melicher et al.,
2019). Similar practices are observed in Europe (Jara et
al.,2021; Pocol et al.,2021), China (Zheng et al., 2018),
Saudi Arabia (Adgaba et al., 2014), and India (Kishan
Tej et al., 2017) for honey production and crop pollina-
tion. In South Korea, over a million beehives are used
for migratory beekeeping, and approximately 30% of all
beekeepers practice it (MAFRA, 2021). However, the
practice of moving beehives has its drawbacks, includ-
ing the risk of disease transmission (Owen, 2017), pes-
ticide exposure (Traynor et al., 2016), sudden weather
changes (Switanek et al., 2017), and disasters damage
(Martinez-Lopez et al., 2022).

Geographic Information Systems (GISs) have been
widely used in agriculture due to their ability to mani-
pulate, store, and analyze various geographical datasets
(Abou-Shaara, 2019). The introduction of GIS in migra-
tory beekeeping can potentially mitigate the mentioned
drawbacks (Sponsler et al., 2017). Recent efforts have
utilized GIS to provide valuable information to beekeep-
ers. For example, Ambarwulan et al. (2017) used GIS
to select suitable locations for beekeepers based on data
such as distance to temperature and precipitation sources,
elevation, distance to markets, and land use. Al-Ghamdi
et al.(2016) matched beehives with specific locations
based on data related to the location of honey plants,

flowering period of plants, and honey quantity, provid-
ing valuable information to beekeepers. Other appli-
cations of GIS in beekeeping include climate change ad-
aptation (Abou-Shaara, 2016) and pest avoidance (Hal-
bich and Vostrovsky, 2012).

However, in the context of South Korea, there is a
lack of research or initiatives to incorporate GIS into
beekeeping practices. To address this gap, we developed
a GIS that provides beekeepers with geographic and
meteorological information collected from GPS, tem-
perature and humidity sensors installed on beehives.
This system is designed to offer beekeepers information
about weather forecasts, location of the honey plants,
and pesticide spraying information based on the geo-
graphical data of beehives. To evaluate the utility of this
system in migratory beekeeping, we applied it to bee
colonies during the migratory season, aiming to gather
diverse information on beehive distribution, movement
patterns, and distances traveled in South Korea.

MATERIALS AND METHODS

1. System establishment

The Migratory Beekeeping GIS (MBGIS) incorpo-
rates hardware that collects the location data of beehives
and meteorological data in the vicinity of the beehives,
such as temperature and humidity (Fig. 1). The system
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integrates data from the Korea Meteorological Adminis-
tration (KMA)’s weather forecast Application Program-
ming Interface (API) and the Korean National Institute
of Forest Science (NIFOS)’s native plant distribution
API, along with the “Kakao Maps” API (Kakao, Jeju,
Korea), to establish a GIS. The collected information
is stored on a dedicated server. Researchers from the
National Institute of Agricultural Sciences (NAS) can
access this information for data analysis, and can pro-
vide to beekeepers with information to be aware of,
such as weather disasters or pesticide spraying. Users
such as beekeepers can access the data through a smart-

B

| s x5 M;ﬂ

X o

phone application designed as part of the study over the
internet (Fig. 1). The Beehive Location Tracking Unit
(BLTU) is designed as hardware to provide information
on the location of beehives and the surrounding weather
conditions. The primary functions of this unit include
the use of high-precision GPS to measure the location of
beehives and temperature and humidity sensors to mea-
sure the meteorological conditions around the beehives.
These data are transmitted every 3 h through the Narrow
Band-Internet of Things (NB-IoT) network (provided by
LG, Korea). The BLTU is designed for ultra-low power
consumption, ensuring more than one year of usability.
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Fig. 3. User interface of smartphone application for MBGIS. (A) Beehive location, (B) honey plant location, (C) meteorological informa-

tion including temperature and humidity around a beehive.
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Table 1. Geographical location of the sampled beehives

Unit ID Province City Geographic coordinates (DMS)
A000002 Gangwon-do Sokcho 38°12'10"N 128°35'08"E
A000003 Gangwon-do Sokcho 38°11'16"N 128°34'30"E
A000015 Gyeonggi-do Paju 37°57"28"N 126°53"25"E
A000016 Gangwon-do Chuncheon 37°53'44"N 127°45'04"E
A000005 Gangwon-do Chuncheon 37°51'57"N 127°43'01"E
A000017 Gangwon-do Hongcheon 37°46"22"N 128°03'35"E
A000011 Gyeonggi-do Gimpo 37°42'54"N 126°32'12"E
A000020 Gyeonggi-do Incheon 37°32'48"N 126°41'32"E
A000008 Gyeonggi-do Namyangju 37°32'37"N 127°17'33"E
A000019 Gyeonggi-do Yangpyeong 37°30'05"N 127°26'15"E
A000018 Gyeonggi-do Yangpyeong 37°28'56"N 127°24"26"E
A000013 Gyeonggi-do Yangpyeong 37°28'03"N 127°23'49"E
A000010 Gyeonggi-do Gwangju 37°27'40"N 127°14'03"E
A000014 Gyeonggi-do Yangpyeong 37°27'39"N 127°24'52"E
A000007 Gyeonggi-do Yeoju 37°22'05"N 127°40'53"E
A000012 Gyeonggi-do Yeoju 37°18'35"N 127°38'08"E
A000006 Gangwon-do Yeoungwol 37°09"29"N 128°25'50"E
A000023 Chungcheongnam-do Cheonan 36°51'51"N 127°05'43"E
A000021 Chungcheongnam-do Seosan 36°50'03"N 126°24'12"E
A000001 Chungcheongnam-do Gongju 36°28'42"N 127°09'04"E
A000022 Chungcheongnam-do Cheongyang 36°25'39"N 126°58'06"E
A000036 Chungcheongnam-do Daejeon 36°18'07"N 127°19'43"E
A000030 Gyeongsangbuk-do Sangju 36°16'48"N 128°02'32"E
A000028 Gyeongsangbuk-do GunWi 36°14'34"N 128°28'52"E
A000041 Jeollabuk-do Iksan 36°03'08"N 127°06'35"E
A000031 Jeollabuk-do Wanju 36°02'47"N 127°16'17"E
A000033 Jeollabuk-do Gunsan 35°56'44"N 126°49'10"E
A000038 Jeollabuk-do Wanju 35°56'05"N 127°06'51"E
A000040 Jeollabuk-do Wanju 35°5422"N 127°03'46"E
A000009 Gyeongsangbuk-do Gyeongsan 35°49'09"N 128°44"28"E
A000025 Gyeongsangbuk-do Gyeongsan 35°49'01"N 128°45'03"E
A000029 Gyeongsangbuk-do Gyeongsan 35°45'43"N 128°43"25"E
A000027 Gyeongsangbuk-do Cheongdo 35°41'53"N 128°39'00"E
A000039 Jeollabuk-do Namwon 35°2823"N 127°36'19"E
A000037 Jeollanam-do Damyang 35°19'50"N 126°56"26"E
A000032 Jeollanam-do Jangseong 35°17'17"N 126°46"24"E
A000034 Jeollanam-do Jangheung 34°43'21"N 126°57'09"E
A000035 Jeollanam-do Jangheung 34°38'13"N 126°56'51"E
A000024 Jeollanam-do Haenam 34°27'06"N 126°35'39"E

Gray boxes in the table represent units where beehives moved 1 km or more.

[_] White boxes represent units where beehives either did not move or moved less than 1km.

It is waterproof and dustproof for effective outdoor use
(Fig. 2-A, B). Its installation is as simple as turning it
on and placing it on top of the beehive, after which data

collection begins immediately (Fig. 2-C).
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2. Selection of participating beekeepers
To validate the utility of the MBGIS, 39 beekeepers

engaged in migratory beekeeping in six different provin-
ces were recruited (Table 1). The recruitment criteria in-
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cluded beekeepers with more than 10 years of migratory
beekeeping experience and those operating more than
100 beehives. On April 25, 2023, the selected beekeep-
ers were invited and trained on how to use the system.
Subsequently, each beekeeper was equipped with one
BLTU and a user smartphone application (Fig. 3). They
began installing the BLTU on their beehives starting on
April 28, upon returning to their respective apiaries.

3. Data collection and analysis

Data were collected from 39 BLTUs from April 28th
to August 7th. The collected data were analyzed using
log files stored on the server. To visually assess the
distribution of beehives during the study period, the 3D
map tour feature in Excel (Microsoft, Redmond, WA,
USA) was used for analysis (Fig. 4). From the collected
data, specific data from the honey flow period, which
ran from April 28th to July 1st, were selected to calculate
the maximum, minimum, and average values of tem-
perature and humidity around the beehives. Using the
location information of the beehives, the maximum,
minimum, and average values of longitude and latitude
of the beehives were determined. Beehive movement
distances were calculated when there was a change in the
location information collected at 3-h intervals using the
following formula:

A =previous value, B =subsequent value
X =A longitude —B longitude
Y = A latitude —B latitude

R=6,378,135 km (the Earth radius)

A latitude + B latitude 2mR
oo e
2 360
3 2nmR
360

Migratory distance =+/ X* + Y?

From the total of 39 beehives surveyed, units with cal-
culated movement distances of 1 km or more were select-
ed for further analyses. For each of the selected 19 bee-
hives, cumulative movement distances were computed,
and the maximum cumulative movement distance, mini-
mum movement distance, and average cumulative move-
ment distance were determined. Furthermore, the average
single-trip distance was secured for each unit, and the
maximum, minimum, and average values were derived.

To analyze the temporal changes in the surrounding
environment, distribution, and movement paths of bee-
hives, the correlation between the study period and the
temperature and humidity around the beehives was
examined. The study period was divided into 5-day
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Fig. 4. Changes in beehive location over time during honey flow period. The various colored small dots represent individual beehives.
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intervals to analyze the changes in beehive locations.
In addition, a correlation analysis between the study
period and beehive movement distances was conducted
to observe the changes in beehive movement distances
during the study period.

4. Statistical analysis

The correlation between the study period, temperature,
humidity, around the beehives, and beehive movement
distances was assessed using Pearson’s correlation anal-
ysis. The differences in beehive location distributions
based on the study period were tested for significance
using Chi-square tests. A comparison of honeybee move-
ment distances based on the study period was conducted
through the one-way analysis of variance (ANOVA)
test after checking data normality, followed by post hoc
tests using Tukey’s Honestly Significant Difference
(HSD) to group the dependent variables. In cases where
homoscedasticity was not met in the analysis of variance,
significance was tested using Welch’s ANOVA test.
All statistical analyses were performed using the SPSS
PASW 22.0 package for Windows (IBM, Chicago, IL,
USA).

RESULTS AND DISCUSSION

1. Measurement of meteorological and
geographic information for migratory beehives

During the study period, a total of 10,353 meteoro-
logical and geographic data points were collected from
39 beehives. Monthly data collection statistics revealed
that, on average, 84 data points were collected daily
from 25 beehives in April, 118.2 data points daily from
38 beehives in May, 106.5 data points daily from 32 bee-
hives in June, 84.7 data points daily from 18 beehives
in July, and 72.7 data points daily from 17 beehives in
August (Welch’s ANOVA test, Fa11383=24.376, p=
0.0001).

The average temperature around the beehives was
24 .8°C, with a maximum temperature of 43.8°C and a
minimum of 11.4°C. The relative humidity around the
beehives was recorded with an average of 64.2%, a max-
imum of 89.4%, and a minimum of 29.2% (Table 2).
Among the 39 beehives, it was observed that only 19
beehives had moved more than 1 km.
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An analysis of the installation locations of the bee-
hives showed that the highest latitude of beehive instal-
lation was 37.1°N near Hwacheon-gun, Gangwon-do,
while the lowest latitude was 34.5°N near Mokpo-si,
Jeollanam-do (Table 3). The highest longitude of beehive
installation was 129.0°E near Taebaek-si, Gangwon-
do, and the lowest longitude was 126.3°E near Mokpo,
Jeollanam-do. During the study period, the cumulative
movement distance of each beehive averaged 578.5 km,
with beehives covering distances ranging from 47.7 km
to 1,744 9 km (Table 4). On average, each beehive cover-
ed 64.2 km per single trip, with a maximum of 89.4 km
and a minimum of 29.2 km.

In Korea, the honey flow period typically spans
from May to June when the acacia trees bloom (RDA,
2020). The newly collected movement data of beehives
exhibited significant variation by month (Chi-square
test: x2=171.182, p=0.001). The highest number of
beehives movement data recorded in May and June,
coinciding with the honey flow period. A comparison

Table 2. The meteorological data of migratory beehive during
honey flow period (April 28-July 7)

Meteorological

Maximum Minimum Average
parameters
Air temperature (°C)  43.8+8.2 114£5.1 248+32
Humidity (RH %) 894%115 292+59 642+11.6

All data is represented as mean+ SD

Table 3. The geographical data of migratory beehive during honey
flow period (April 28-July 7)

Location Maximum Minimum Average
Latitude (°N) 37.1£0.8 357+0.8 364+10
Longitude (°E) 127.9+0.6 127.1+£0.6 1274106

All data is represented as mean+ SD

Table 4. The migratory distance of beehive during honey flow
period (April 28-July 7)

Migratory distance

per beehive Maximum  Minimum Average
Total distance (km) 17449 477 578.5+465.5%
Averag"f distance 044 115% 292450% 64241165
per trip (km)
*Mean=+ SD

http://journal.bee.or.kr/
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of the temperature around the beehives with weather
data from the Korean Meteorological Administration’s
statistics portal (KMA, 2023) revealed that the average
temperature around the beehives was approximately
2°C higher than that in the weather data from the KMA
statistics portal from May to July. The distribution of
the beehives ranged from the southern to the northern
regions of South Korea. The beehives of migratory bee-
keeping in South Korea covered an average distance of
578 km during the honey flow period, which was less
than the average distance of 4,000 km in the United
States (Melicher et al., 2019) and 3,000 km in China
(Zheng et al., 2018), and similar to the 400 km average
distance in Spain (Jara et al., 2021).

2. Analysis of meteorological changes and
beehive location during the honey flow period

A significant positive correlation was observed be-
tween the honey flow period (from April 28th to July 1st)
and the ambient temperature around the beehives (r=
0429, p=0.0001; Fig. 5). However, no significant cor-
relation was found between humidity and the honey flow
period (p=0.074). This lack of correlation is thought to
be due to the increased humidity during May, due to fre-
quent rainfall, and during June, due to the rainy season
(KMA, 2023). When analyzing the location information
(latitude) of beehives at 5-day intervals during the honey
flow period (Fig. 6), the range of 37.4-38.1°N latitude
accounted for the highest percentage at 47.1%, followed

100

by 36.4-37.4°N, 35.4-36.4°N, and 34.4-35.5°N (One-
way ANOVA test, F35,=49.598, p=0.0001). The ratio
of beehive locations by date exhibited significant differ-
ences (Chi-square x*39=165.847, p=0.0001).

From April 28th to June 11th, there was a tendency for
a higher proportion of beehives to be located in regions
at higher latitudes, with Seosan-si, Chungcheongnam-do
(36.4°N), serving as the reference point. However, after
June 11th, a trend emerged with a higher proportion
of beehives located in the regions between Mokpo-si,
Jeollanam-do (34.4°N), and Jeongeup-si, Jeollabuk-do
(35.4°N).

There was a significant negative correlation between

Air temperature (°C)

Jun-17 Jun-27  Jul-7

Apr-28 May-8 May-18 May-28 Jun-7
Honey flow period (Date)

Fig. 5. Correlation between air temperature surrounding beehive
and honey flow period. The gray dashed line represents the trend-
line. Pearson’s correlation analysis revealed a significant correla-
tion with an r-value of 0.456.
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the single-trip distance of beehives and the honey flow
period (r= —0.396; Fig. 7). When analyzing the single-
trip distance of beehives at 5-day intervals during the
honey flow period, significant differences in the beehive
movement distance were observed by period (One-way
ANOVA test, F1148=3.477, p=0.010; Fig. 8). The long-
est single-trip distance recorded was 90.2 km between
May 8th and 12th. The second-longest distance group
were 51.4 km between May 13th and May 27th and
between April 28th and May 2nd. The third-longest dis-
tance group recorded was 32.5 km between June 2nd and
June 11th.

400
350
300 .
250
200
150
100

50

Migratory distance of beehive (km)

0

26-Apr 15-Jun  25-Jun  5-Jul

6-May

16-May 26-May 5-Jun
Honey flow period (Date)

Fig. 7. Correlation between the honey flow period and migratory
distance of beehives. Pearson’s correlation analysis revealed a sig-
nificant correlation with an r-value of —0.396. The solid black line
represents the trendline.

In Korea, migratory beekeeping primarily involves
moving beehives in May, coinciding with the flower-
ing of acacia trees, with some hives being relocated in
June in response to the blooming of chestnut trees (Han,
2015; Kang et al., 2017). Acacia trees typically bloom
from late April to early June, spanning from southern
to northern regions throughout the country (Han et al.,
2009; Choi et al., 2021). On the other hand, chestnut
trees typically bloom from mid to late June, primarily
in the central and southern regions (Kim et al., 2003;
Park et al., 2011). Therefore, beehive movement was
expected to be concentrated mainly during early to mid-
May, coinciding with the acacia flowering period. In
this study, a significant negative correlation was found
between the honey flow period and beehive movement
distance, further supporting this trend.

Moreover, it was observed that by the end of April
and early May, beehive locations were relatively evenly
distributed across various latitudes. However, as May
progressed, beehive locations were predominantly con-
centrated in regions at latitudes above 35°N. Similarly,
beehive movement distances increased in early May
and then decreased by the end of May. This can be ex-
plained by the fact that acacia trees started blooming in
late April in the southern regions and continued bloom-
ing through May, covering central and northern regions.
Consequently, beehive movement was concentrated in
May, and the beehive locations predominantly shifted to

£ 140 a
g
£ 120 e
[)
(]
< 100
g ab ab ab ab
1%
& 80 568 4
&
60 ‘
2 373 b 361 b b b
c £
& 40 288 ‘
g 20 179 139
o I 84 6.8
8
2 0 HE m =
&) Q) Q) Q) Q) Q) & & S S S S
%\® /\\@ w,\‘“ /\\@ m\$\ N \\\ & \\\ \‘0\\ ‘0\\ Qa\\
¢ & N S & & & W
FAMI IS @ @ & %\‘“ LN G S

Honey flow period (Date)

Fig. 8. Comparison of daily average beehive migratory distances during the honey flow period. There was a statistically significant difference
in the average beehive migratory distance for each period (one-way ANOVA test). The error bars on the bar chart represent standard devi-
ation values. Different letters indicate significant differences among at 5-day intervals during the honey flow period, based on the results

of one-way ANOVA and Tukey’s HSD (p <0.05).
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mid and high latitudes.

Additionally, from early June to late June, beehives
were primarily distributed in the central and southern re-
gions, particularly between 34.4°N and 36.4°N latitudes.
Beehive movement distances also exhibited a temporary
increase from June 2nd to June 11th, corresponding to
the typical blooming period of chestnut trees and match-
ing the distribution regions.

CONCLUSION

We have developed a system for providing location-
based services to migratory beekeepers by attaching GPS
units to beehives. To evaluate the utility of this system,
we distributed it to 39 migratory beekeepers. As a re-
sult, we were able to obtain meteorological data around
beehives during the honey flow period. Additionally,
we collected beehive location information from 19 bee-
hives that moved more than 1 km during the study period,
allowing us to calculate their movement distances. Based
on these data, we confirmed that the distribution and
movement patterns of beehives during the honey flow
period generally coincide with the blooming periods
and regions of acacia and chestnut trees. Our research is
valuable as the first study that provides empirical data
on the paths and distributions of migratory beekeepers
in South Korea during the honey flow period. This res-
earch can serve as fundamental data source for formulat-
ing studies and policies supported to the migratory bee-
keepers, and can be used for various purposes, includ-
ing managing beekeeping in the face of climate change,
monitoring insect distribution, and predicting annual
honey production.

However, this study has certain limitations. First, met-
eorological conditions such as precipitation, wind veloc-
ity and direction and atmospheric pressure was not con-
sidered, which can significantly affect beekeepers’ deci-
sions when moving beehives. Additionally, the data on
acacia and chestnut trees used in this study are based on
previously reported general blooming periods and dis-
tribution, making it insufficient to confirm the correla-
tion with beehive movement or conduct regression anal-
ysis. Therefore, in future research, it is essential to col-
lect data from a larger number of migratory beekeepers
and conduct concurrent surveys of the blooming charac-

teristics in different regions. Moreover, further analysis
is needed to examine whether economic benefits, such as
cost reduction in beekeeping management, arise through
the utilization of the system, by comparing the move-
ment patterns and decision-making patterns of migratory
beekeepers who received the system with those who did
not. Expanding on our research findings, by investigat-
ing beehive interior environments, bee traffic patterns,
and honey flow, a model can be developed to help bee-
keepers maximize honey production during the honey
flow period. Integration with artificial intelligence tech-
nology can evolve the developed system into a decision
support system for beekeepers (Albayrak et al., 2018,
2021).
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