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Abstract: Surveys of managed honey bee colony losses worldwide have become fundamental for
engineering a sustainable and systematic approach to protect honey bees. Though China is a member
of the world’s apiculture superpowers, the investigation of honey bee colony losses from Chinese
government was not formally launched until recently. In this study, we investigated the colony winter
losses of the western honey bee (Apis mellifera) of four consecutive years in 2013–2017 from 19 provinces
in China, with a total of 2387 responding Chinese beekeepers (195 hobby beekeepers, 1789 side-line
beekeepers, 403 commercial beekeepers) providing the records of overwintering mortality of honey
bee colonies. The calculated colony losses were 8.7%, a relatively low mortality below the world
average. There still exist considerable variations in total losses among provinces (ranging from
0.9% to 22.0%), years (ranging from 8.1% to 10.6%) and scales of apiaries (ranging from 7.5% to
10.0%). Furthermore, we deeply analyzed and estimated the effects of potential risk factors on the
colonies’ winter losses, and speculated that the queen problems, the operation sizes and proportion
of new queens are leading causes of the high honey bee colony mortality in China. More research
and advanced technical methods are still required for correlation analysis and verification in future
surveys of managed honey bee colony winter losses.
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1. Introduction

Honey bees, important pollinators, have been demonstrated to be capable of increasing yield
in 96% of animal-pollinated crops, creating a value of 212 billion dollars annually [1,2]. However,
feral and managed honey bee colony losses consistently maintained a very high level worldwide
in recent years, and substantial concerns have been raised about the future availability of honey
bee pollination services [3]. As a consequence, global surveys on the mortality rate of honey bee
colonies continue to be carried out by scientists from various perspectives [4–8]. National surveys
of managed honey bee colony losses have been performed and reported continuously in the United
States for several years [9–14], as well as in Europe [5,6,15–18], Asia [19,20], and Africa [21]. It has
been revealed in the United States, Europe, and other regions that honey bee colonies have a high
mortality rate. The mortality of honey bee colonies is caused by multiple factors and these potential
risk factors are also interacting, so the measures to lower colony decline should be as diversified as
the causes [4,5,13,14]. These survey results show that potential risk factors driving honey bee colony
decline could involve queen problems, diseases and parasites, the environment, beekeeping practices,
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etc., with a geographic bias toward several different regions, but the underlying causes still remain
ambiguous [12–14,22,23]. To cope with inestimable colony losses and prevent population crashes,
major beekeepers generally increase the number of honey bee colonies by purchasing package swarms
of bees or splitting existing colonies. The protection and management of core colonies have been
widely recognized as an increasingly extensive hedge against severe colony losses. China is one
of the largest beekeeping countries with an estimated nine million managed colonies. Honey bee
colonies overwintering in northern China (central, east, and west) usually occur in November to
March, including Beijing, Hebei, and Shanxi provinces, etc. An overwinter period of higher latitude
provinces in northern China will extend 10 days to a month and the temperature will be lower. But in
southern China, some provinces are warm throughout the year without overwintering. For example,
honey bees breed largely from December to February, collecting nectar from litchi and longan in
Hainan. Queen replacement, migration, treatment against Varroa destructor, pollination, etc. are likely
to affect colony status before overwintering. Chinese beekeepers feed the colonies with honeycombs or
sugar for winter supply. Other management includes heat preservation, moisture, and rodent control,
etc. Surveys of honey bee (A. mellifera) colony losses in China have been conducted since 2009 [19].
Previous studies have shown the western honey bee colony mortalities in China were at a relatively low
level, which may be associated with China’s special practices of beekeeping [19]. Here, we reported
the results of a continued survey of the colony winter losses from 2013 to 2017 and explored possible
influencing factors using linear models.

2. Materials and Methods

2.1. Survey and Data Acquisition

The questionnaire of our survey is designed in accordance with the standardized questionnaire
template from the COLOSS (prevention of honey bee COlony LOSSes) network, published by van
der Zee et al. in 2013 and modified for the apicultural situation of China [24]. The questionnaire can
be divided into two parts, that is, basic questions for collecting colony losses and apiary information,
and optional questions for bee management and production. Optional questions include food,
migration, bee race, queen replacement, pollination services, treatment against V. destructor, etc.
All the data from this survey were collected through the questionnaire as shown below (Figure 1).
Paper versions of the questionnaire were distributed to local beekeeping organizations, that delegated
surveyors to randomly select and communicate with beekeepers face-to-face in daily visits or at an
annual conference. All the completed questionnaires are then returned back to our center for a database
update between October of the current year and April of the following year.
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Figure 1. An example of a modified questionnaire based on the standardized questionnaire from
COLOSS monitoring working group combined with beekeeping situations in China. The asterisk
indicates required questions that would not allow a blank response on the questionnaire.

2.2. Calculation and Statistical Analysis

Data were filtered to remove duplications and those with invalid entries (number of losses >

original colony number, or number of overwintering colonies = 0), and the remaining data were used
for data statistics. Regarding loss rates, “total loss” and “average loss” are two methods of loss rates
calculation mentioned in van der Zee or others’ articles [10,24]. The average loss is the mean of the
individual colony winter losses of all beekeepers. The total loss is the percentage of the total number
of colonies lost divided by the total number of colonies in our sample. The author recommends the
total loss rate, because “total loss” can reflect the loss situation of a whole group more accurately
than “average loss”. Therefore, this study adopts the calculation method of the total loss rate and the
formula is listed as below.

Total loss =

∑
number o f colony lost∑

number o f colony
× 100% (1)

Regarding the operation size, the apiaries of China can be classified into the following three
groups: hobby (1–50 colonies), side-line (51–200 colonies) and commercial (>200 colonies) using the
criteria outlined by Chen et al. (2017) and Liu et al. (2016) rather than other surveys from foreign
countries [11,13,14], because of the diversity of management style and scale between China and other
countries. Confidence interval (CI) was calculated using an intercept-only generalized linear model
(GLM) with a quasi-binomial distribution and a logit link function, reducing its overdispersion effect.
Kruskal-Wallis rank sum test was used to explore the differences within sub-groups of respondents by
“dunn” package. Confirmed by large quantities of investigations and studies, generalized linear mixed
models (GLMMs) with binomial distributions are recommended to detect the impact of potential risk
factors on honey bee colony losses, which incorporate both fixed and random effects, and this statistical
analysis method is still adopted in this manuscript [5]. For further model fitting, we considered
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proportion of new queens, queen problems, migration, the operation size, pollination, frequency of
requeening, comb renewal and treatment against V. destructor as fixed effects into the model, and
random effects such as provinces, years and beekeepers were also included.

All statistical analyses were performed in R statistical software (R Development Core Team, Vienna,
Austria, 2015). GLMMs analysis was carried out through the glmer function in the “lme4” package [5].

3. Results

3.1. Survey Data

From the surveyed years, we collected the most data in 2013–2014 (Figure S1a). The majority of
respondents in our survey were side-line and commercial beekeepers (Figure S1b). Over half of the
respondents replied that they changed queens once a year (Figure S1c), and all of the beekeepers treated
V. destructor mites of their colonies (Figure S1d). The percentage of new combs built by honey bees was
concentrated at 21–40% (Figure S1e). The percent of respondents or colonies with a 0–20% proportion
of new queens made up roughly 80% (Figure S1f). Over 99% respondents or colonies limited the
number of disabled queens to 30 (Figure S1g). Regarding the origins of queens, the beekeepers who
bought queens from companies were more than the ones who reared queens by themselves in the
side-line and commercial beekeepers (Figure S1h).

3.2. National Total Losses in Winter

In total, this survey recorded 2463 responses, from which 76 duplicates or invalid responses
were removed. The remaining 2387 responses formed the analytic sample and comprise a total
of 333,107 managed honey bee colonies for loss rates calculation, of which 1166 responses were in
2013–2014, 362 responses were in 2014–2015, 453 responses were in 2015–2016, and 406 responses
were in 2016–2017 (Figure S1a). The colony numbers of each year were 178,802 (2013–2014), 44,799
(2014–2015), 57,928 (2015–2016), 51,578 (2016–2017), respectively (Figure S1a). Of the all valid responses,
37.0% respondents reported that they did not suffer colony winter losses. Total losses we calculated
were comparatively low (8.7%, 95% CI: 8.2–9.2%) and varied from year to year, with the highest annual
losses in 2014–2015 (10.5 %, 95% CI: 9.2–11.8%) and the lowest annual losses in 2016–2017 (8.1%, 95%
CI: 7.1–9.1%), as shown in Figure 2. Kruskal-Wallis rank sum test was used for exploring potential
differences within annual losses (χ2 = 54.5553, df = 3, all p-value < 0.005), and only the loss rate in
2013–2014 had significant differences compared with other years (Figure 2).

Figure 2. Total colony winter losses for the different periods of years. Means and 95% confidence
intervals are shown.
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3.3. Losses by Operation Size (Apiary Size)

From the dataset of our survey, we figured out that the percentages of hobby, side-line and
commercial beekeeping were 8.2% (N = 195), 74.9% (N = 1789) and 16.9% (N = 403), respectively
(Figure S1b). The hobby managed a total amount of 6282 (1.9%) honey bee colonies with a 10.0% (95%
CI: 7.7–12.3%) loss rate and 70.3% (N = 137) of this group reported no loss (Figure S1b). The side-line
managed a total amount of 188,098 (56.5%) honey bee colonies with an 8.9% (95% CI: 8.3–9.4%) loss
rate and 27.7% (N = 496) of this group reported no loss (Figure S1b). The commercial managed a
total amount of 138,727 (41.6%) honey bee colonies with a 7.5% (95% CI: 6.0–8.9%) loss rate and 50.6%
(N = 204) of this group reported no loss (Figure S1b). In accordance with the above data, nearly 60%
of the colonies represented in our study were approximately managed by the side-line beekeepers
or respondents. There exists an apparent difference among diverse types of apiaries. Four-year total
losses suffered by commercial beekeepers tended to be lower than those suffered by side-line and
hobby beekeepers. Larger scale apiary owners have lower mortalities. But for annual losses of different
apiaries, the loss rate of commercial apiaries varies from 1.7% (95% CI: −0.02–3.3%) to 9.0% (95%
CI: 6.8–11.2%) with the obvious fluctuation and the lowest value occurred in 2014–2015 (Figure 3).
The difference was significant (χ2 = 27.2078, df = 3, all p-value < 0.001). The annual colony losses of
hobby beekeepers came up to the peak of 13.3% (95% CI: 9.2–17.3%) in 2016–2017 with its other annual
colony losses holding stably. The mortality of hobby beekeepers in 2016–2017 has significant difference
with other years, tested by Kruskal-Wallis rank sum test (χ2 = 29.8676, df = 3, all p-value < 0.005).
Shown in Figure 3, side-line beekeepers in 2013-2014 had significantly lower colony losses than hobby
and commercial beekeepers (χ2 = 18.4817, df = 2, p-value < 0.01). In contrast to the total losses of
different types of apiaries, the loss rate of side-line apiaries in 2015–2016 was significantly lower than
the rest of the two types of apiaries (χ2 = 37.9973, df = 2, p-value < 0.001) (Figure 3). In conclusion,
although special cases may occur in a certain year, theoretically, a general tendency is that larger
operation size with smaller colony winter losses is evident and worthy of attention. Our previous
survey reported that smaller apiaries tend to have lower mortalities, which disagrees with these current
results [16]. But we found that the mortality trends of different operation sizes in a certain year was
not always consistent with the overall trend, which appears in both of our surveys. We believe the
factors that contribute to the results are very complex and more data and methods should be applied
afterwards. Regardless of the operation size, colony losses are lower in China than in most of the other
countries or regions of the world [5] (Figure 3).

Figure 3. Comparison of colony winter losses by different type of apiaries for the years 2013–2017,
2013–2014, 2014–2015, 2015–2016 and 2016–2017. Means and 95% confidence intervals are shown.
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3.4. Losses by Province

The number of the apiaries and the colony losses in any surveyed provinces that operated
exclusively in that province were summarized with a visible variation across 19 provinces of China
(Table 1). The total losses calculated from the respondents’ records also varied substantially across
provinces. The total losses experienced by several surveyed provinces ranged from 0.9% to 22.0% with
a highest loss rate in Jiangxi (JX) province and a lowest loss rate in Yunnan (YN) province (Table 1 and
Figure 4). The provinces surveyed with significantly low colony losses include Gansu (GS) 1.7% (95%
CI: 1.1–2.5%) and Yunnan (YN) 0.9% (95% CI: −0.06–1.9%), which fell far below all other provinces
surveyed. Jiangxi (JX) and Henan (HN) can be classified into one group with higher loss rates and their
losses were 22.0% (95% CI: 13.2–30.8%), 19.4% (95% CI: 18.4–20.5%) (Table 1 and Figure 4). But only
data of Jiangxi (JX) province for 2016–2017 and Yunnan (HN) province in 2013–2014 were collected
and calculated, the colony losses may be biased and specificity in a given year cannot be completely
ruled out (Figure S2). The following six provinces, Zhejiang (ZJ), Shanxi (SX), Beijing (BJ), Anhui (AH),
Xinjiang (XJ) and Guangxi (GX) revealed that the colony losses were kept at a moderate level (Table 1).
In accordance with the discrepancy of clime and geographical environment of China, we selected
several representative provinces from this survey to analyze and compare the annual colony losses.
As shown in the following table (Table 2), the candidate provincial loss rates for a single year were also
calculated and these provinces are Hainan (HN), Sichuan (SC), Gansu (GS), Henan (HEN), Jilin (JL)
and Liaoning (LN), respectively. The loss rate of four consecutive years in Jilin (JL) province was
basically maintained at a low level, which was lower than the total colony winter loss of this survey.
Accidentally, Sichuan (SC) province demonstrated extremely low mortality in 2014–2015, which was
possibly caused by the favorable climate in that year, the abundant nectar and pollen plant resources
or the policy welfare. The specific reasons are still to be determined. The loss rates of Gansu (GS)
province were also comparatively stable and maintained the lowest level of six selected provinces
over the years, which cannot be separated from the long apiculture history and excellent beekeeping
skills. Henan (HEN) province showed the highest loss of 22.5% (95% CI: 21.4–23.7%) in 2014–2015,
which exceeded the losses in 2013–2014 and 2016–2017. In Liaoning (LN) province, annual loss was
highest in 2013–2014, followed by declines in 2015–2016 and 2016–2017.

Table 1. Provincial total winter losses (%, CI 95%) and number of apiaries in 2013–2017.

Province
No. of

Apiaries
(2013–2014)

No. of
Apiaries

(2014–2015)

No. of
Apiaries

(2015–2016)

No. of
Apiaries

(2016–2017)

No. of
Apiaries

(2013–2017)

Total Losses
(%)

Hainan
(HN) 20 16 17 * 53 7.9 (2.8–13.1)

Zhejiang
(ZJ) 83 * 61 * 144 9.8 (7.7–11.9)

Shanxi (SX) 88 * 50 * 138 14.2
(11.6–16.8)

Beijing (BJ) 52 37 * * 89 11.3
(8.7–13.8)

Gansu (GS) 48 * 45 44 137 1.8 (1.1–2.5)

Anhui (AH) 51 * * * 51 10.7
(8.5–12.8)

Yunnan
(YN) 50 * 1 * 51 0.9

(−0.06–1.9)

Sichuan
(SC) 73 52 37 * 162 4.3 (3.1–5.6)

Jilin (JL) 36 100 101 77 314 5.5 (4.8–6.3)
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Table 1. Cont.

Province
No. of

Apiaries
(2013–2014)

No. of
Apiaries

(2014–2015)

No. of
Apiaries

(2015–2016)

No. of
Apiaries

(2016–2017)

No. of
Apiaries

(2013–2017)

Total Losses
(%)

Liaoning
(LN) 67 * 100 92 259 7.6 (6.9–8.2)

Guangdong
(GD) 4 * 0 23 27 4.7 (0.9–8.5)

Jiangsu (JS) 104 * * * 104 4.1 (2.8–5.3)

Xinjiang
(XJ) 181 * 2 * 183 11.8

(8.7–14.9)

Jiangxi (JX) * * * 16 16 22.0
(13.2–30.8)

Heilongjiang
(HLJ) 96 77 * * 173 7.7 (5.6–9.8)

Shandong
(SD) 81 * * 48 129 5.8 (4.2–7.4)

Henan
(HEN) 98 80 * 20 198 19.4

(18.4–20.5)

Guangxi
(GX) * * 39 77 116 12.9

(10.3–15.5)

Chongqing
(CQ) 34 * * 9 43 7.8 (3.8–11.9)

* No data were collected.

Figure 4. Total colony winter losses (%) by different provinces of China.
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Table 2. Annual total winter losses (%, CI 95%) in Hainan (HN), Sichuan (SC), Gansu (GS), Henan
(HEN), Jilin (JL), Liaoning (LN) province.

Province
Year

2013–2014 2014–2015 2015–2016 2016–2017

Hainan (HN) 4.5 (−4.9–13.8) 7.9 (−4.2–20.0) 12.1 (5.5–18.7) *

Sichuan (SC) 5.2 (3.4–7.0) 0.6 (0.1–1.1) 7.9 (4.4–11.5) *

Gansu (GS) 0.6 (0.2–1.1) * 1.2 (0.5–1.8) 3.8 (1.8–5.7)

Henan (HEN) 18.1 (16.4–19.8) 22.5 (21.4–23.7) * 13.7 (12.0–15.4)

Jilin (JL) 7.9 (2.7–13.1) 5.1 (4.5–5.7) 4.9 (4.4–5.5) 5.8 (4.2–7.3)

Liaoning (LN) 9.1 (7.6–10.7) * 7.5 (6.9–8.1) 6.5 (5.4–7.5)

* No data were collected.

3.5. Potential Risk Factor

A total of 2387 respondents answered the questions about frequency of requeening, bee races,
comb renewal, treatment against V. destructor, queen problem, proportion of new queens, apiary size,
etc., in our survey. Based on the analysis methods previously presented by van der Zee et al. [5],
we also used the GLMMs method to evaluate the effect of candidate risk factors on colony winter
losses. Before assessment, a null generalized linear mixed model was adapted for our collected valid
data including provinces, beekeepers and years as random factors. Next, we screened the above
primary explanatory factors (as the covariates) for the risk of loss, one factor at a time, including
queen problems, frequency of requeening, comb renewal, treatment against V. destructor, proportion of
new queens and apiary size. Besides the treatment against V. destructor, the remaining factors were
highly-significant fixed factors on colony winter losses. In this survey, we referred to the test process of
modeling fitting in previous articles published by our group in 2016 [19], the results of which indicated
that a full model with provinces, beekeepers and years still provided a better fit, and this part of
the data is not shown. After examining the fixed factors individually, we constructed a full model
containing all of the above significant covariates and three random factors. However, comb renewal,
frequency of requeening or treatment against V. destructor showed no significant effect when taken
together rather than individually. Therefore, dimensionality reduction was carried out for the above
three risk factors to obtain the final model only with queen problems, proportion of new queens and
apiary size as the covariates (Table 3). From daily communication with beekeepers or respondents,
it can be seen that beekeepers who suspected queen problems as being responsible for colony winter
losses tended to suffer higher losses than those who suspected races or winter supply failure as the
major causes of colony winter losses, which to some extent is consistent with this survey’s results.
Our result indicates the colonies with queen problems have a higher risk of losses, which is consistent
with the results of previous surveys [19]. Indeed, in many studies, the queen problem is regarded as an
important negative factor for colony survival [18,25,26]. In this survey, we found that proportion of
new queens is significantly associated with colony winter losses. An Austrian survey proved that when
beekeepers exchanged more than one-fourth of their old queens before winter, then the colony losses
would be significantly reduced [18,27–29]. Apiary size also significantly affects colony winter losses.
Significantly different loss rates among apiary sizes were already summarized before [7,30]. We also
found that there is no significant correlation between treatment against V. destructor and loss rate,
which is in disagreement with many previous studies [8,9,11,14,17]. It has been reported that Varroa
spp. mites control failure has significant negative effects on colony losses [8,9,11,14,17]. V. destructor
mites are present in China [31,32]. We think that insufficient data may explain the insignificance of
treatment against V. destructor on colony losses in the GLMMs analysis. We only surveyed whether
the respondents treated V. destructor mites, and all of the respondents answered ‘Yes’ (Figure S1d).
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We recommend further studies so as to have better insight into this issue by adding the method and
the effect of treatment against V. destructor.

Table 3. Analysis of fixed effects in the final model.

Effects Regression Coefficient t Value Pr (>|t|)

Null −3.4738 (−4.2896–(−2.6580)) −8.35 <2 × 10−16 ***

Apiary Size −0.0017 (−0.0019–(−0.0016)) −23.98 <2 × 10−16 ***

Proportion of New Queen 0.9292 (0.8218–1.0366) 16.97 <2 × 10−16 ***

Queen Problem 0.0407 (0.0379–0.0435) 28.68 <2 × 10−16 ***

Significant codes: 0 ‘***’; 0.001 ‘**’; 0.01 ‘*’; 0.05 ‘.’; 0.1 ‘ ’.

4. Discussion

China has a large number of managed honey bee colonies and beekeepers. Our survey covers
2463 beekeepers, constituting ~0.8% of all beekeepers (including A. mellifera and A. cerana beekeepers).
The number of colonies involved is 333,107 constituting ~5.6% of A. mellifera colonies in China.
The coverage is lower than that of other studies [12–14], however, this study focuses on A. mellifera
beekeepers instead of A. cerana beekeepers, and therefore the representation is higher than this
figure. But without the knowledge of the number of A. mellifera beekeepers, it is hard to have an
estimate. Due to difficulties in surveying among beekeepers in China, our study represents great
efforts. Beekeepers in China are not required to register, and therefore contact information is not readily
available. In addition, email is not common for communications among beekeepers, and questionnaires
had to be distributed in other forms, such as printouts in meetings and training sessions, telephone
communication, etc. Such forms of communication are time consuming and expansion to a larger scale
is difficult. It is possible to expand the survey in digital form in the future with networking cellphone
applications such as Wechat, as it is important to establish a way to reach out to beekeepers, especially
to those located in remote mountainous areas with below average internet coverage. In China, apiaries
are mostly located in mountainous areas and beekeepers aging is significant, therefore coverage
deviation caused by the low internet/electronic access will arise if surveys are only done through the
electronic/network method. To our knowledge, this is among the largest surveys on colony winter
losses in China. Also, our respondents may be biased toward the more active beekeepers because we
are more likely to get in contact with the active beekeepers than those who are less active. To minimize
bias, questionnaires were sent to local beekeeping organizations who have better knowledge of local
beekeepers, and the beekeeping organizations were requested to minimize bias such as geographical
representation. However, inference in terms of the whole population is a possibility and thus data
should be approached with caution.

Investigations were done in the main beekeeping provinces of China, but it is still not practical
for us to cover all of the apiculture provinces. Handover of vulnerability or imperfect cooperation
sometimes leads to a lack of losses data in a certain year and province, causing an effect on the final
outcomes and conclusions. Despite these shortcomings, the present survey still had coverage of losses
feedback data from most parts of China. In the future, our methods of questionnaire collection could
be further diversified to ensure the randomness of data, by adopting new communication methods.

In this study we conducted a detailed investigation and analysis of colony winter losses status in
China for the four consecutive years from 2013 to 2017 with a comparatively low loss rate of 8.7%,
which is lower than the total colony losses (10.1%, 95% CI: 9.5–10.7%) of A. mellifera from 2010 to
2013 [19]. At present, China has about 6.8 million honey bee (A. mellifera) colonies and more than
three hundred thousand beekeepers. It is estimated from this survey that China suffers approximately
591,600 colonies losses each year on average. A loss of 12.8% in the current study can be considered
as acceptable by the respondents, and our total colony losses reported in this survey is within the
acceptable level [11]. First of all, it is shown that 62.6% of beekeepers replace the queens once a year
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and 96.5% of the colonies were ones with a replaced queen by beekeepers in this survey. With high
frequency and proportion of requeening by Chinese beekeepers, the stability and survival of honey
bee colonies can be greatly improved by the emergence of young queens [5,24,33]. Second, in the past,
most beekeepers in China were likely to choose self-rearing for several generations, but this will lead
to a simple genetic background, thereby not allowing for a varied environment, which is prejudicial
to the honey bee colony survival. Nowadays, more Chinese beekeepers will regularly buy different
commercial queens to enrich the genetic diversity of their colonies. Meanwhile, mating of the queens
was always free and polyandrous [34,35]. In this way novel genetic diversity and distant heterosis
could enhance the possibility of colony survival in harsh conditions [36,37]. Lastly, Chinese beekeepers
have regarded treatment against V. destructor as a routine operation to prevent the occurrence of
mite damage.

Colony losses variation among different provinces may be attributed to a number of reasons
including beekeeping practices, climates, human activities, genetic composition and enemies/food,
etc., [3,37,38]. Reasons for constant mortality level among the provinces need to be fully investigated.
This survey has revealed that the mortality of Henan province has continued to remain at a high
level compared with other provinces, which is in accordance with the survey results by Liu et al.,
who implied that the high mortality in Henan province may be related to the extensive use of pollen
substitutes [19]. The pattern of colony losses in one province mainly remaining consistent and stable
in all the surveyed years can be also observed in this survey. However, there is no such pattern of
colony losses in the United States or other regions [9,11,14]. It is possible that differences in beekeeping
habits are one of the key factors contributing to this gap. Afterwards, we should continue to track
the colony losses of each province. If the colony losses from one province fluctuates dramatically in a
single year, the crisis can be discovered without delay and effective intervention can be carried out to
provide suggestions to policymakers.

As mentioned above, despite some abnormal cases, the trend of larger apiaries having lower
colony winter losses can be still summarized (Figure 3). Beekeepers with a larger number of colonies
are at a lower risk of colony losses, which has also been mentioned in some Austrian studies [17,18,39].
We speculate the reasons for this trend in China may be contributable to the following factors. First,
in China, genetic composition of large apiaries is likely to be more diversified, resulting in the
colonies being more stable [40–42]. Commercial beekeepers of China are used to regularly buying
different commercial queens to supplement the genetic diversity of the colony (Figure S1h). Second,
more standardized management and comprehensive disinfection and epidemic prevention from large
apiaries help to reduce the probability of colony health problems, and then lower the colony losses
to some extent. Third, beekeepers in larger apiaries have better training and richer experience than
hobbyist beekeepers. However, the underlying causes are complex and further studies are needed to
test the hypothesis.

By GLMMs analysis, we found that queen problems, apiary size and proportion of new queens
have significant influences on colony winter losses. Many previous studies have demonstrated that
there is a significant correlation between queen problems and colony losses, as is also shown in our
survey [5,25,33] (Table 3). Those respondents who claimed that they suffered more serious queen
problems often experienced higher colony losses. Queen problems partly reflect the health status of
existing colonies, such as in-hive parasites or pesticide residues, etc. In our survey, the proportion of
new queens is also one of the potential risk factors of colony losses, which is in accordance with van
der Zee et al., 2014 [5]. Increasing the proportion of young queens can improve colony health and
raise the brood and oviposition number of the colony [28,33,43]. It was mentioned that young queens
lowered the risk of colony loss [28,33,43]. Our data showed that colony loss rates are significantly
affected by apiary size. As mentioned above, larger apiaries of China have a lower risk of colony winter
losses. Most of China’s beekeepers are side-line or commercial beekeepers (Figure S1b). We analyzed
that genetic diversity, standardized management and beekeeping practice may explain this result,
and may even be caused by the combination of these effects. Further investigations into beekeeping
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management should be carried out in the future. Unexpectedly, judging by the GLMM analysis from
our survey the treatment against V. destructor showed to be insignificant for the impact of colony winter
losses (Table 3). First, A. mellifera are known to be more susceptible to V. destructor mites than A. cerana.
In China, A. mellifera beekeepers use V. destructor mite control as a routine practice, and the number
of colonies without treatment against V. destructor in the survey was not sufficient for the analysis of
V. destructor mites as a risk factor. In our survey, all of the respondents had at least once treatment
against V. destructor. Therefore, insufficient data resulted in low statistical ability. Second, the current
questionnaire does not include the types of treatment against V. destructor or the effects, and such
information can be informative for our future surveys.

5. Conclusions

Our survey has recorded the colony winter losses of 19 provinces in China and has showed that
loss rates vary among different years, provinces and the apiary sizes. We found that the national total
losses of Western honey bee (A. mellifera) colonies in China is at a low level. By generalized linear
mixed effects models (GLMMs) in this survey, queen problems, the apiary sizes and proportion of
new queens rather than treatment against V. destructor, frequency of requeening and comb renewal
were identified as risk factors with significant influences on colony winter losses. We concluded that
a healthy, young and well-mated queen is an important factor for colony overwintering survival,
probably because younger queens have stronger spawning ability and can build stronger colonies than
older queens. Larger apiaries with lower risk of losses may be attributed to beekeeping management,
colony genetic background or even a combination of these effects. In our survey, insufficient data led
to a lack of analysis results about the treatment against V. destructor. But we do not think the treatment
against V. destructor is irrelevant, as it is still a very necessary measure to reduce the loss rate. Although
there is a correlation between the above risk factors and colony winter losses in this survey, it does not
confirm a causal relationship without rigorous experiments that are yet to be performed and illustrated.
Concerning the objective existence of a high level of unexplained variation, wider potential risk factors
and more randomized sampling methods should be applied in future investigations.

Supplementary Materials: The following are available online at http://www.mdpi.com/1424-2818/12/9/318/s1,
Figure S1: Data distribution of the survey. (a) Annual distribution in four years. (b) Apiary size distribution.
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(e) Distribution of respondents with different percents of new combs. (f) Distribution of respondents with
different percents of new queens. (g) Distribution of respondents with different numbers of disabled queens.
(h) Distribution of respondents with different origins of queens in three kind of apiaries, Figure S2: Annual
colony winter losses (%) by the investigated provinces from 2013–2017. (a) Annual winter colony losses (%) by
the investigated provinces in 2013–2014. (b) Annual winter colony losses (%) by the investigated provinces in
2014–2015. (c) Annual winter colony losses (%) by the investigated provinces in 2015–2016. (d) Annual colony
winter losses (%) by the investigated provinces in 2016–2017.
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