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Abstract: Apiculture is an important industry closely related to the national economy and people’s
livelihoods. Beekeepers’ behavior is an important factor affecting the yield, quality, and benefits
of apiculture. However, there is a lack of a systematic understanding of the long-term changes in
beekeeping decisions made by beekeepers. Using panel data, we analyzed the dynamic trends and
related influencing factors of decisions made by beekeeping models, honey source plant selection,
and the migration flow space of beekeepers from 2009 to 2020. The results showed that the proportion
of the LMB model decreased, while the PAB and SMB models continued to increase, the frequency
of utilization of the main nectar source plants for honey collection decreased, and the concentration
of migratory flow of beekeeping increased. Behavior of beekeepers from 2009 to 2020 showed a
certain degree of spatial contraction, which seriously restricted the effective use of nectar plant
resources. Family attributes, economic status, beekeeping models, and disaster conditions directly or
indirectly affected beekeepers’ decisions. We propose a series of recommendations to facilitate the
transformation and advancement of the Chinese bee industry. This study promotes an understanding
of sustainable development of the bee industry in China and other countries worldwide.
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1. Introduction

Apiculture is an important part of modern agriculture. Apiculture features include
low investment, faster benefits, no occupation of cultivated land, and no environmental
pollution. Large-scale bee pollination can also greatly improve the yield and quality of crops,
promoting the healthy, green, and high-quality development of agriculture [1]. According
to the statistics of the United States Department of Agriculture, the value of honey bee
pollination in US is 140 times higher than the value of bee products [2]. Increasing consumer
demand for natural health food has put pressure on the honey industry. There is huge
demand in the current global honey market. In 2020, the total global honey production
was 1.77 million tons. Asia, Europe, and North America are still the main natural honey
production areas in the world. In 2020, the honey production of these three continents
accounted for 47.6%, 22.0%, and 19.6% of the total global honey production in that year,
respectively [3]. In terms of the number of bee colonies, by the end of 2018, there were
92.26 million bee colonies globally, of which Asia had the largest number of bee colonies,
approximately 43.05 million, followed by Europe and North America, with 18.96 and
11.68 million colonies, respectively [4]. Since the beginning of the 21st century, the pattern
of beekeeping has changed globally. With the development of science and technology and
influence of various factors, the number of bee colonies in most developed countries has

Agriculture 2024, 14, 540. https:/ /doi.org/10.3390/agriculture14040540

https://www.mdpi.com/journal/agriculture


https://doi.org/10.3390/agriculture14040540
https://doi.org/10.3390/agriculture14040540
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0002-1821-941X
https://orcid.org/0000-0002-9734-1164
https://doi.org/10.3390/agriculture14040540
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture14040540?type=check_update&version=1

Agriculture 2024, 14, 540

2 of 14

shown a downward trend, causing Europe to drop from the first continent to the third
continent in terms of the number of bee colonies [5].

Apiculture is an ancient industry in China. The earliest records about honey in China
appeared in the 16th—11th century BC. A record of the word “honey” was found in the oracle
bone inscriptions of the Yin and Shang Dynasties, indicating that the Chinese apiculture
has a history of more than 3000 years. China is the birthplace of the Chinese honeybee
(Apis cerana cerana Fabricius). Historically, Chinese apiculture has gone through two stages,
starting with the original collection of honey, traditional artificial breeding of bees, and
traditional breeding characteristics of Chinese honeybees. In 1840, with the introduction of
Western culture and new technology, beekeeping technology for Western honeybees and
movable honeycombs were introduced in China, and Chinese apiculture began to enter
a stage of rapid development. However, before 1949, due to successive years of war and
disasters, China’s apiculture experienced several twists and turns [6]. After 1949, especially
after the reform and opening up, apiculture in China entered a stage of rapid development.
During the 1980s, the annual growth rate of honey production reached 11.69%. However,
in the decade after 2010, the development of apiculture in China has been slow. Why is
China’s apiculture entering a slow development stage? What are the characteristics of slow
developmental stages? What are the primary influencing factors? To date, these problems
have not been investigated thoroughly or systematically.

Apiculture is a special industry that raises honeybees in a certain colony and selects
nectar source plants during a suitable flowering period for concentrated honey collection.
China has vast land and abundant resources, comprising a large number of plants that are
widely distributed, with a long flowering period and large amount of nectar production
suitable for consumption by bees. Some of the plant varieties include rape, acacia, linden
tree, sunflower, mountain flower, and milk vetch. Restricted by the climatic conditions
in different regions and the flowering period of nectar source plants, various beekeeping
models have been formed for a long time, such as beekeeping in permanent apiary (PAB),
small-scale migratory beekeeping (SMB), and large-scale migratory beekeeping (LMB).
In PAB, beehives are placed in a fixed location, and the bees obtain honey and pollen
from flowering plants in the surrounding area. In SMB, although beehives are placed in
a fixed location, the beehives are shifted to nearby places according to the climate and
nectar source. In contrast in LMB, the beehives are not placed in a fixed location; instead,
they are moved to places where flowers bloom, and the bees are released to collect nectar
for reproduction and production per the climatic condition and nectar source availability.
Thus, in LMB, the transshipment range is large, transportation distance is long, and several
migrations are often required per year. PAB requires that local nectar source plants have
a flowering period of more than four months per year, and the minimum temperature in
winter is higher than zero, to ensure that the beehives can survive the winter. Migratory
beekeeping can effectively use plant nectar sources in different regions and seasons across
the country. Similar to the current agricultural production and operation in China that are
still based on the family operations of small farmers, apiculture is also based on the family
beekeeping of small farmers, and most beekeepers are PAB and SMB, with a breeding
population of less than 100 groups [1].

The beekeepers’ different beekeeping models, number of transfer sites, selection of
nectar source plants, and changes in the routing and flow of transfer sites are all important
factors affecting the yield, quality, and benefits of honey. What changes have occurred
in beekeepers’ decisions and transfer flows in the last decade? How do these changes
affect apiculture development? How do factors such as climate change and socioeconomic
development affect beekeeper decisions? How can we systematically study and establish
efficient and sustainable apiculture promotion policies? These issues require in-depth
research to provide a basis as well as scientific and technological support to promote the
high-quality development of future apiculture.

Farmer behavior research is one of the hotspots in current agricultural economic
management research. Scholars have focused on farmers’ production, consumption, new
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technology adoption, risk aversion and avoidance, and other influencing factors [7-9].
Theories used in the study of farmers’ behavior include planned behavior theory, risk
preference and aversion theory, innovation diffusion theory, the technology acceptance
model, mental account theory, and grounded theory. Some scholars have also tried to
combine different theories, such as planned behavior theory with innovation diffusion
theory, to build a more comprehensive research framework [7,10,11].

Few studies have been conducted on beekeepers’ production behavior. Wang et al. [12]
conducted research on the quality and safety of beekeepers using a questionnaire. Xi
et al. [13] conducted research on the production methods, breeding scale, production input,
technology adoption, production willingness, and other behaviors of beekeepers based on
survey data of fixed beekeeper observation points in the national apiculture technology
system for 2011 and 2012. However, long-term systematic research on the migratory
behavior of beekeepers is still lacking.

Migratory beekeeping is problematic in flow spaces. At present, the study of flow
space is a new research perspective and method for studying temporal and spatial changes
in cities, villages, transportation, tourism, etc. [14,15]. To date, there have been no reports
on beekeepers’ decisions made from the perspective of flow space.

Therefore, this study aimed to systematically analyze the changing trend of beekeepers’
beekeeping decisions made and related influencing factors from 2009 to 2020, based on the
long-term scale survey data of beekeeper households in the national apiculture technology
system, to promote the transformation of China’s apiculture. The outcomes of this study
will aid in upgrading and transitioning to a new stage of rapid development as soon
as possible.

2. Materials and Methods

The basic data used in this research came from the continuous follow-up survey data of
fixed survey beekeeper households using the national apiculture technology system. Since
2009, the Apiculture Economic Research Group of the National Apiculture Technology
System has selected fixed beekeeper households to survey in more than 10 provinces across
the country and has continuously tracked beekeepers’ beekeeping production information
every year. The surveyed provinces were Zhejiang, Shandong, Jiangxi, Henan, Yunnan,
Sichuan, Guangdong, Hubei, Beijing, Jilin, Shanxi, Gansu, and Hainan. The list of beekeep-
ers in some provinces changed considerably between the early and late surveys because
of inconsistencies in the survey process in various provinces and changes in beekeepers.
Since this study focused on the long-term changes in beekeepers’ behavior, we screened
the survey data of fixed survey beekeeper households for 12 consecutive years from 2009
to 2020 as much as possible to select beekeepers with longer continuous survey times and
more detailed survey information. Relatively complete beekeeper households were used as
research objects.

2.1. Data Screening and Collation
2.1.1. Selection of Research Households

Based on continuous tracking survey data of fixed beekeeper survey households
in the national apiculture technology system from 2009 to 2020, this study adopted two
beekeeper household screenings. The first screening focused on selecting beekeepers with
at least eight years of research data as research samples. A total of 300 beekeepers, mainly
distributed in Zhejiang, Hubei, Sichuan, Henan, Jilin, Shanxi, and Gansu, were selected to
study the migratory behavior and influencing factors of beekeepers. The second screening
focused on beekeeper households with longitude and latitude information on the sites
where they migrate for beekeeping every year. After screening, the number of retained
households varied in different years, and approximately 118-147 households were used for
the study of spatial dynamic changes in beekeeper migration.
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2.1.2. Collation of Research Household Information

The collation information for each beekeeper includes (1) the attributes of the bee-
keeper’s household, including age of beekeeper, educated years, and household population;
(2) the beekeeping production information of the beekeeper, including the start year of
beekeeping, number of beekeepers in the family, and total labor invested in beekeeping
by family members, that is, days, number of beekeeping workers, number of days of
employment, total number of bee colonies before spring breeding, honey production, and
net income of beekeeping and total cost; (3) beekeeper’s migratory information, including
beekeeping models (PAB, SMB, and LMB), number of days away from home to release bees,
number of nectar sources visited, nectar source plants used, and latitude and longitude
information of migratory sites; (4) relevant natural and socioeconomic factors, including
ratio of beekeeping net income to total household net income, income level of beekeepers
in the village, whether they have been affected by natural disasters or human-induced
environmental disasters, and whether they have participated in cooperatives.

2.2. Research Methods

Based on basic information from continuous tracking survey data of beekeepers’ fixed
survey households, the production behavior of beekeepers’ migratory research in this study
includes three aspects: migratory behavior, nectar plant utilization behavior, and migratory
flow space behavior. Migratory behaviors included PAB, SMB, and LMB. Nectar source
plant utilization behavior refers to the plant beekeepers’ selection when they are in fixed
and migratory beekeeping. Migratory flow space behavior is the group spatial behavior of
the migratory paths of beekeeper households. The factors and mechanisms responsible for
the shift in China’s apiculture over the last decade were systematically revealed through
the three aspects of research on the changes in the beekeepers’ behavior.

2.2.1. Research on Beekeepers” Migratory Behavior

An Excel pivot table was used to count the frequency of selected beekeepers adopt-
ing permanent beekeeping, small-scale migratory beekeeping, or large-scale migratory
beekeeping year by year from 2009 to 2020, counting the number of nectar source plants
visited year by year, and drawing line charts for the visual display of the changing trend of
beekeeping models of beekeepers in the last decade.

Considering that the three models of beekeeping and number of nectar sources visited
annually are all ordered multicategorical variables, an ordered multiclass logistic regression
analysis was used [16-20]. The expressions for the regression analysis are shown in
Equations (1) and (2). Among them, k means that there are k categories of beekeeping
models for beekeepers, and the probability of each category is expressed as Iy, I, I13; B;
represents the regression coefficients of the equation, reflecting the influence of various
influencing factors on the selection of beekeeping models.

P
. s
Logit, = ln<1 —1711> = Bo+ Y Bixi (1)
i=1
, T+ 7+ 4 Ty -1, v
081 n<1_7.[1_7.[2__,__n.k1> 0 +izzlﬁZXZ 2)

Related influencing factors include the family attributes of beekeepers, investment in
beekeeping, economic status, disaster situation, and cooperative participation, as shown
in Table 1. Ordered logistic regression analysis was performed using Stata 16.0, and the
results were analyzed.
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Table 1. Influencing factor indicators.
Variable Code Definition
Beekeeping models qi Models of fixed or migratory beekeeping
Number of migratory sites qs32 Number of honey source points for migratory beekeeping
Age of beekeeper age Age of the head of household in the year of beekeeping
Ed Number of years of formal education received by the head
ucated years az
of household
Starting year of beekeeping ay The year when the household started beekeeping
Household population as Population of household family
Household beekeeping population ag Population of Household members in beekeeping
Total working days of family members ay Total working days of family members invested in beekeeping
Number of beekeeping employees an Number of beekeeping employees throughout the year
Total working days of employees a3 Total working days of employees in beekeeping (days)
Proportion of beekeeping net income ais Proportion of net income from beekeeping to total net income of
households (%)
Income level of beekeepers in the village ais The relative level of income of beekeepers in the village (%)
Disaster occurrence hazard Has there been any disaster damage? 0 =no, 1 = yes
Natural disaster ] Has there been any natural disaster? 0 = no, 1 = yes
Phytotoxicity i) Has there been any drug damage? 0 =no, 1 = yes
Joining cooperative nyp Have beekeeper joined a cooperative? 0 = no, 1 = yes

2.2.2. Change in Utilizing Frequency of Nectar Source Plants and Affecting Factors

The utilization frequency of different nectar source plants was counted annually from
2009 to 2020 using an Excel pivot table, and line charts were drawn to show the changing
trends of the utilization frequency of nectar source plants in the last decade.

Considering the characteristics of the use frequency of different nectar plants in
different years, ordered multiclass logistic regression analysis was used.

The relevant influencing factors variables are also shown in Table 1.

2.2.3. Research on Migratory Flow Space

Based on the analysis of the migratory characteristics of individual beekeepers, the
flow space analysis method can be used to analyze the change in the characteristics of
beekeepers from the perspective of aggregation. The concept of flow space was first
proposed by Manuel Castells in the book The Informational City: Information Technology,
Economic Restructuring, and the Urban-Regional Progress in 1989, and further explained in his
book The Rise of the Network Society [21]. Flow space is defined as the material organization
of time-sharing social practices that operate through flow [22].

The specific research steps and methods of this part are as follows:

(1) Geographical coordinate marking of the transition location: Based on screening the
information of the beekeepers who have migratory information, we marked the specific
latitude and longitude of the migratory locations of the beekeepers individually, and
marked the center coordinates of the county as much as possible.

(2) GIS visualization of migratory locations and paths: From 2009 to 2020, we drew a
path map of beekeepers’” migration for each year using GIS and visually viewed the annual
change characteristics of beekeepers’ migration.

(3) Flow cluster analysis: Flow clustering analysis of unsupervised learning was
conducted according to the marked coordinate point information of different beekeepers’
migratory flows. Considering that streams can be represented by directional line segments,
three principles were considered when measuring the spatial similarity between flows [23]:
(a) flows are spatially close to each other, (b) flow directions are approximately equal, and
(c) the flow lengths are similar. Referring to the method introduced by Tao and Thill [24],
which uses spatial statistical methods to detect clustering in flow data, a schematic diagram
of the spatial position between two beekeeper-to-ground flows is shown in Figure 1.
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Figure 1. Sketch map of two beekeepers’ migratory flows.

In Figure 1, x;, y; and x;, y; are the starting sites of the ith and jth beekeepers, respec-
tively, in a year; uq;, v1; and uy;, vy; refer to their first, second, and third migratory sites,
respectively. From x;,y; to u3;, v3; is the migratory flow of the ith beekeeper, and x;, y; to
usj, vs; is the migratory path flow of the jth beekeeper.

Considering that beekeepers perform migratory beekeeping at several sites within
a year, assuming n migratory sites, we calculated the spatial distance between different
migratory path flows based on the Euclidean definition, as shown in Equation (3).

FD; - \/(Xi B x]-)2 (- ]/j)Z " ZZ:] [(uki _ uk].>2 + (Uki - vkj>2] 3)

where FD;; is the spatial distance between the migratory path flow of the ith beekeeper
and that of the jth beekeeper; x;,y; and xj, y; are starting point longitude and latitude
coordinates of ith and jth beekeepers, respectively; uy;, vy, Uk, vy; are migratory point
longitude and latitude coordinates of ith and jth beekeepers, respectively; and k = 1 to n are
points from the 1st to nth coordinates.

Based on the Euclidean spatial distance between different beekeepers, cluster analysis
of the migratory flows of beekeepers was performed using Stata 16.0.

(4) Flow space analysis: Based on the results of the annual flow clustering analysis,
the color marks the migratory flows in the GIS and the spatial Gini coefficient of the flow
clusters is analyzed.

The Gini coefficient reflects the homogeneity of the migratory flow distribution, as
shown in Equation (4).

N . . . .
H=-Y" PlnP, Hy=InN, Gini = H/Hm, C =1— Gini @)

where P; is the proportion of the jth migratory path clustering in all beekeepers in the year,
N is the number of clustering channels for migratory paths, and C is the homogeneity of
the distribution. The Gini coefficient ranged between 0 and 1. The higher the value, the
higher the concentration and the more uneven the spatial distribution.

3. Results
3.1. Descriptive Statistics

The characteristics of the main indicators of the beekeeping families are listed in
Table 2. Notably, the heads of beekeeping families are all elderly people, the average age is
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53. Most beekeepers had middle school education, and their overall education level was
relatively low. The number of beekeeping migratory sites was low, with an average of only
2.34. The proportion of average beekeeping income to household income reached 74.3%.

Table 2. Description of main indicators of bee keepers.

Variable Code Average Standard Deviation
Beekeeping models q143 212 0.89
Number of migratory sites q32 2.34 222
Age of beekeeper age 53 10.84
Educated years az 8.5 2.20
Starting year of beekeeping ag 1987.8 10.79
Household population as 3.76 1.44
Household beekeeping population ag 1.83 0.66
Total working days of family members ay 427.07 236.31
Number of beekeeping employees an 0.45 1.53
Total working days of employees as 43.62 155.41
Proportion of beekeeping net income ajy 74.30 31.00
Income level of beekeepers in the village ais 3.23 0.82
Total disaster occurrence hazard 0.00 0.00
Natural disaster 1 0.40 0.49
Phytotoxicity Iy) 0.17 0.43
Joining cooperative ny 0.72 0.45

3.2. Changes and Influencing Factors in Beekeeping Modes

The distribution of changes in various beekeeping models in different years from
2009 to 2020 was calculated; that is, the ratio of the number of households with different
beekeeping methods to the number of statistical households in each year was calculated.
The results are shown in Figure 2. Beekeeping methods have changed significantly from
2009 to 2020. The LMB method showed an obvious downward trend, PAB and SMB showed
an upward trend, and PAB and SMB showed a nearly parallel trend. In general, from the
perspective of proportions, LMB > PAB > SMB.

80
70
60
50
40
30
20

10

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

e P AB SMB LMB

Figure 2. Change in proportion of beekeeping models from 2009 to 2020.

The number and trends of honey source sites visited by beekeepers annually from
2009 to 2020 are shown in Figure 3. Notably, PAB showed a clear upward trend, and the
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number of beekeepers visiting the six honey source points was also on the rise, whereas the
other types showed decreasing trends.
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Figure 3. Change in proportion of beekeeping site number from 2009 to 2020.

Based on the ordered multi-classification logistic regression model, Equations (1) and (2),
the factors that affected the change in beekeeping methods of beekeepers were analyzed
using Stata 16.0. The results showed (see Table 3) that the heads of household and family
attributes of beekeepers had a significant impact on the beekeeping model. The age of the
household head, education level of the household head, and initial year of beekeeping
significantly and negatively affected the models of beekeeping. The older the age and
higher the educational level, the more inclined they were towards PAB or SMB. There
was no significant effect of family population on the models of beekeeping, but the family
beekeeping population had a significant positive correlation with beekeeping migration,
indicating that the labor resources of family beekeeping are an important condition and
support for beekeeping migration. Second, the proportion of net income from beekeeping
to total household net income is positively correlated with migratory beekeeping. The
larger the proportion, the more inclined they were toward migratory beekeeping. There
was no significant relationship between joining the cooperative and the beekeeping models.
Third, the overall occurrence of total disasters had no significant impact on beekeeping; but,
specifically, whether natural disasters occurred or not had a significant negative relationship
with the beekeeping model, whereas there was a significant positive correlation between
the occurrence of phytotoxicity and the migration of beekeeping.

Analysis of the factors influencing the number of migratory points showed results
similar to those of the beekeeping models (Table 3). First, the beekeeper’s household head
and family attributes had a significant impact on bee migratory points. The age of the
household head, educational level of the household head, and initial year of beekeeping
were significantly negatively correlated with the number of migratory beekeeping points.
The number of beekeeping populations had no significant effect on the number of migratory
points. However, the number of working days of family members was significantly and
positively correlated with the number of migratory points. Second, the proportion of the
beekeepers’ net income from beekeeping to the total net income of the family is significantly
correlated with the number of migratory points, and the level of the beekeeper’s income in
the village is significantly positively correlated with the number of migratory points. This
indicates that the relative economic status of beekeepers has a significant impact on their
beekeeping decisions. There was no significant relationship between joining the cooperative
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and number of migratory points. Third, there was a significant positive correlation between
phytotoxicity and the number of migratory points.

Table 3. Regression results of beekeeping models and number of migratory points.

Effecting Factors Code Beekeeping Models Number of Migratory Points
Age of beekeeper age _(g ?Z%Z; ) _(g (1);65&;;*
Educated years as _(0_.%6;%** _(0—.(;?;2)**
Starting year of beekeeping ay 7((2(;%;1_117,;* 7(0—.08%471(7))*’e
Household population as (_,0001(14) (_7O 005?;)
Household beekeeping population ag 0(;60548 ' (()11;2)9
Total working days of family members ay 0(222681; ) 0(22)2942;*
Number of beekeeping employees aip (()102} )7 (210;3})9
Total working days of employees a3 (210(5)(6))6 0.35(,);2)**
Proportion of beekeeping net income aiyg 0(2;2231; ) O(%8247;*
Income level of beekeepers in the village ais (21035)9 0(280820) )
Joining cooperative no o pyed
(—1.45) (0.47)
Disaster occurrence hazard (7—0 1122)9 (7—0 0033)2
Natural disaster Iy _(0;227_2(3))** (_70 Ooi)9
Phytotoxicity 9] 0'(43%;12)** O.é?;i)**

Note: ** and * represent significance at the 1% and 5% levels, respectively; the figure between brackets is the
z-value.

3.3. Changes and Influencing Factors in Nectar Plants

The annual frequency of honey collection from the main nectar source plants from
2011 to 2020 was calculated and is shown in Figure 4. The nectar collection frequency of the
three main nectar source plants, rapeseed (Brassica campestris), acacia (Robinia pseudoacacia),
and vitex (Vitex nequndo), showed a downward trend, with acacia showing the largest
fluctuation, whereas linden (Tilia tuan Szyszyl), citrus (Citrus reticulata), mountain flowers,
and miscellaneous flowers showed a weak increasing trend.

Based on the usage frequency of different honey source plants from 2009 to 2020,
ordered multi-classification logistic regression models were established using Stata 16.0 to
analyze the factors that affect beekeepers’ selection of different honey source plants. Table 4
presents the results of this study.

The province, family attributes, economic situation, beekeeping models, and disaster
conditions of beekeepers have different influences on the selection of nectar plants. The
choice of nectar plants by beekeepers was significantly influenced by the province, but not
by linden or citrus plants. The age of the head of household had a significant negative effect
on the selection of rapeseed; a significant positive effect on the selection of acacia, vitex,
and linden; and no significant effect on citrus and mountain flowers. The education level of
the household head significantly affected the choice of acacia, vitex, citrus, and mountain
miscellaneous flowers, and all were positively affected, but the effects on rapeseed and
linden were not significant. The migratory beekeeping model had a significant positive
effect on the selection of all six nectar plants. The number of migratory points positively
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affected the selection of most nectar plants. Joining the cooperative significantly affected the
choice of acacia, vitex, and linden, but had no significant impact on the choice of rapeseed,
citrus, and mountain flowers. The proportion of net beekeeping income in household
income significantly affected the selection of rapeseed, acacia, vitex, and linden but did
not have a significant impact on the choice of citrus and mountain flowers. The level of
beekeeper income in the village significantly affected the choice of rapeseed, but not other
nectar plants. Natural disasters and pesticide damage significantly negatively affected the
selection of rapeseed and linden plants, and significantly positively affected the selection
of citrus plants.

0.900
0.800
0.700
0.600
0.500
0.400

0.300
0.200

“— N
0.100 — ~ P
0.000

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

e—— rgpeseed == .« eQ3cacia Vitex

linden e— Citrus ==« mountain flowers

Figure 4. Change in proportion of main nectar plants harvested every year from 2011 to 2020.

Table 4. The factors that affect beekeepers’ selection of different honey source plants.

Factors

Honey Source Plants

Code

Rapeseed Acacia Vitex Linden Citrus Mflower
Province provy —0.092 * —0.379 ** —0.365 ** 0.016 —0.029 0.356 **
Age of beekeeper age —0.029 ** 0.030 ** 0.028 ** 0.024 * 0.001 —0.016
Educated years az 0.001 0.109 ** 0.110 ** 0.072 0.114 ** 0.107 *
Starting year of beekeeping ay —0.020 * 0.026 ** 0.045 ** —0.004 0.018 —0.004
Household population as —0.029 0.020 0.046 —0.542 ** —0.147 * 0.114
Household beekeeping ag 0.084 —0.329 ** ~0.202 0.795 ** —0.367 * ~0.19%
population
Total working days of ay 0.001 0.001 * 0.000 —0.002 ** 0.001 ** ~0.000
family members
Proportion of beekeeping an 0.007 ** 0.005 * —0.008 ** 0.011 ** ~0.003 0.003
net income
Income level of beekeepers ass 0.215 % 0.011 —0.037 0.092 —0.076 —0.129
in the village
Beekeeping models q143 1.249 ** 2.825 ** 1.745 ** 1.407 ** 1.808 ** 1.250 **
Days of leaving home to 91 0.007 ** ~0.001 ~0.001 ~0.002 —0.003 ** —0.001
release bees
Number of migratory sites q32 0.723 ** 0.635 ** 0.216 ** 0.117 0.104 0.354 **
Joining cooperative ng —0.140 0.323 ** 0.258 * 0.588 ** 0.288 —0.102
Disaster occurrence hazard —0.209 0.159 —0.031 0.139 0.323 0.066
Natural disaster 1 —0.340 * 0.070 0.295 * —0.733 ** 0.519 ** —0.045
Phytotoxicity ) —0.812 ** —0.100 0.214 —0.994 ** 1.029 ** 0.378 *

Note: ** and * indicate significance at the 1% and 5% levels, respectively.
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3.4. Spatial Flow Changes of Beekeeping Migratory Path
3.4.1. Cluster Analysis of the Migratory Path Flow of Beekeeping Farmers

Cluster analysis of the migratory path flow of beekeepers revealed that the path flow
of beekeepers from 2009 to 2020 showed a trend of fluctuation and aggregation. From
2009 to 2012, the number of clusters showed large and few larger interannual changes.
From 2013 to 2017, the number of clusters was relatively small, whereas from 2018 to 2020,
the number of clusters was relatively large and remained in four—five categories. Table 5
presents the results of this study.

Table 5. Cluster number, proportion of cluster, and Gini coefficient every year.

Year Cluster Proportion of Cluster (%) Gini
Number 1 II 111 v \Y4 Coefficient
2009 4 30.95 27.38 23.81 17.86 0.986
2010 5 30.61 25.51 19.39 14.29 10.20 0.957
2011 3 55.78 22.45 21.77 0.904
2012 4 50.00 17.61 13.38 11.27 7.75 0.849
2013 3 46.03 28.57 25.40 0.968
2014 3 52.17 26.96 20.87 0.928
2015 3 52.81 23.60 23.60 0.927
2016 3 38.79 38.79 22.41 0.974
2017 3 64.86 18.02 17.12 0.812
2018 4 66.96 16.52 8.70 7.83 0.705
2019 4 39.32 30.77 15.38 14.53 0.936
2020 5 42.73 17.27 17.27 16.36 6.36 0.896

From the perspective of the Gini coefficient for each year, the overall Gini coefficient
was relatively high, reflecting a high concentration of migratory flows, and there was also
an annual trend of fluctuations. The Gini coefficient remained high for several consecutive
years from 2013 to 2016, and then showed continuous volatility.

3.4.2. Analysis of the Migratory Flow Space of Beekeepers

Based on the latitude and longitude information of the migratory sites of beekeepers
in different years, a GIS map of the migratory path flow was drawn, and a GIS map of the
migratory path flow marked with different colors was drawn according to the clustering
results of the migratory path flow, as shown in Figure 5. The spatial variation in the path
flow clustered among different years was large, and in general, there was a trend of spatial
reduction.

0 1250 2500 5000 7500 10,000
—— Miles

Figure 5. GIS distribution of migratory flow of beekeepers from 2009 to 2020.
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The change in the migratory flow of beekeepers over the last decade may be correlated
to the labor resources of the beekeeper family, migratory transportation costs, and the
occurrence of natural and pesticide disasters, to varying degrees. We will analyze this
relationship in detail in a later article.

4. Discussion and Conclusions

Based on the analysis of the tracking survey data, the beekeeping behavior of bee-
keepers showed a certain degree of spatial contraction from 2009 to 2020. Among the
three aspects of beekeeping behaviors analyzed in this study, the proportion of the LMB
model decreased, while the PAB and SMB models continued to increase. The frequency
of utilization of the main nectar source plants for honey collection decreased, and the
degree of concentration of migratory flow of beekeeping increased. These phenomena
show that Chinese beekeepers have experienced a shrinking trend in the use of nectar
plant resources over the last decade. The shrinkage of resources used by beekeepers may
reflect the slow development of bee production in China over the last decade. From the
regression analysis of the beekeeping models and the number of migratory points, the bee-
keeper’s family attributes, economic income, natural disasters, and pesticide damage had a
significant impact on the changes in the beekeeping models. The age of the beekeeper was
significantly negatively correlated with the migratory model, and the older the beekeeper,
the more inclined the PAB and SMB. As the age of the beekeeping households increased,
the proportion of households that adopted the migratory beekeeping model decreased.
The beekeeping income structure has a significant impact on the beekeeping model. The
higher the proportion of beekeeping net income in the total household net income, the
greater the proportion of LMB. With the expansion of beekeeper income channels and an
increase in the proportion of part-time income, the proportion of the PAB and SMB models
increased. The occurrence of disasters is also a factor that significantly affects changes in
beekeeping models.

The frequency of honey collection from the three main nectar sources (rapeseed, acacia,
and vitex) decreased from 2009 to 2020. On one hand, it was related to the distribution,
scale, and quality of honey production of the main nectar source plants. On the other hand,
it was related to changes in beekeeping models. Researchers have claimed that rapeseed
planting areas in the main regions of Brazil have shown a downward trend over the last
decade [25]. Temperature, relative income ratio, and planting policies all have certain
influences. According to the National Forestry and Grassland Science Data Center, the
distribution area of acacia across China reached 3.2 million hectares between 2009 and
2013, mainly in Shaanxi, Shanxi, Liaoning, Gansu, Shandong, Henan, Hebei, and other
provinces. The distribution area of acacia does not change significantly from year to year,
but the quality of mature and over-mature acacia forests in many areas has deteriorated.
In addition, the climate in some areas is abnormal, with frequent cold, drought, and
waterlogging, especially concerning microclimate weather disasters, which affect the flow
of honey from honey sources. Affected by early drought, low temperatures, and rainy
weather, acacia has experienced severe harvest failure or no harvest in Liaoning for many
years [26,27]. Vitex and linden were similarly affected. These changes inevitably affect
the beekeeper selection of honey plants. The study of beekeepers’ migratory spatial flow
showed that the concentration of the beekeeper’s migratory path flow was very high, and
the number of clusters and Gini coefficient of the transit path flow showed an increasing
trend in the last decade, indicating that beekeepers’ beekeeping behavior showed a trend of
spatial contraction. This trend is not conducive to the rational use of honey resources in the
different regions of the country. Therefore, in the areas where beekeeping is concentrated,
it is necessary to focus on strengthening the construction and protection of nectar source
plants, expanding the area of nectar plant areas, improving the quality of nectar source
plants, reducing the risk of natural disasters and pesticide disasters, and improving the
efficiency and effectiveness of honey collection.
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From a global perspective, the beekeeping industry developed rapidly in the 20th
century, but in the 21st century, the development of bee colonies in the world slowed down.
The number of bee colonies in Asia and Africa is increasing, whereas that in developed
countries dominated by Europe is declining [28]. The honey harvest rate in 2019 was poor
in most European countries. The honey production of French beekeepers in that year
was only more than a quarter of the seasonal normal production in the 1990s. The honey
production of Italian beekeepers dropped by 50% in 2018, and Spanish honey production
has continued to fall since 2015. Climate change is the main influencing factor, and chaotic
weather events occurring across Europe. Pesticides and other phytotoxicities are considered
important inducing factors [29]. The shrinking phenomenon of the European beekeeping
industry in the early 21st century seems to be related to the shrinking trend of the Chinese
beekeeping industry over the last decade. Therefore, it is necessary to strengthen the
comparative study of global beekeeping behavior and industrial development.

5. Policy Implications

Our results have important implications for accelerating the development of high-
quality apiculture. First, it is imperative to initiate training and development plans for
young beekeepers at different levels, strengthen the professional knowledge and skills of
young beekeepers, and rejuvenate beekeeping as soon as possible. Second, implement a
reward system for the ecological protection of nectar source plants in a planned manner,
provide financial incentives for areas that protect and maintain nectar source plants, en-
courage farmers and communities to actively participate in ecological protection, promote
the ecological restoration of nectar source plants, and increase the number of nectar source
plants. Third, establish a market-oriented beekeeping insurance system, effectively manag-
ing beekeeping risks, and improving the scale and benefits of compensated pollination of
crops and fruit trees. Through the establishment and implementation of these policies, the
technical level and efficiency of the beekeeping industry can be comprehensively improved,
and the sustainable development of China’s apiculture can be promoted.

Simultaneously, strengthening the development of the world apiculture is of great
significance for adapting to global climate change, alleviating the world food security
crisis, promoting human health, and building a world community with a shared future.
Beekeeping is a worldwide sunrise industry and a pillar industry whose potential value is
far greater than the market value, which can produce a hundredfold multiplier benefit. In
developing countries, there is a large gap in the development of beekeeping, and there is
great potential. Therefore, we should refer to the methods we proposed in the previous
paragraph to strengthen the development of beekeeping in their countries and regions in
terms of talent team building, protection and utilization of nectar source plants, beekeeping
subsidies, and insurance. In developed countries, it is necessary to strengthen the research
and development of climate change technologies and the coupling of new and traditional
technologies to achieve breakthroughs in modern beekeeping.
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