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Abstract; In recent years, large-scale losses of honeybee (Apis mellifera) colonies have taken place in Europe and North
America. Apiculture scientists have organized a CoLoss Network to investigate and explain these losses. This article presents
survey results and analyses of honey bee (Apis mellifera L.) colony mortality from 2009 to 2013 in 12 provinces in China,
analyses of the proportions of colony mortality, and their possible causes. Standard questionnaires were used in this survey,
as supplied by Coloss, and financial support was provided by the European Cooperation in Science and Technology
(COST). All statistical analyses were performed using R statistical software. A generalized linear mixed effects model
(GLMM) was used to analyze potential risk factors. In total, more than 5,300 beekeepers responded to the survey. This

included less than half of the Apis cerana survey data set. A total of 3,742 apiaries, which were part of the valuable Apis
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mellifera dataset that contains 520,653 colonies, were also statistically analyzed in this paper. Average mortality over the
winters of 2009 - 2013 was estimated to be 8.9%. The loss (12%) during the winter of 2011 - 2012 was higher than in
other years. This level of mortality was considered acceptable by beekeepers and apiculture scientists. There was substantial
variation in total loss by province (range 2.3 - 19%). Xinjiang Province and Henan Province differed significantly from
other provinces in their average loss. Average loss also differed significantly by type of operation, such as commercial, part-
time, and sideline operations, although part-time and sideline operations did not differ significantly from each other during
most surveyed years. Xinjiang Province and Henan Province have large numbers of commercial beekeeping operations.
Province and operational data were calculated collectively, and the results supported the hypothesis that commercial
beekeeping operations caused frequent honeybee queen failure and fostered the spread of other diseases, confirming that
these were the two causes of colony loss. Colony collapse disorder ( CCD) was not a common problem in China until
recently. Overall rates of colony loss were low in general, with differences among operations of different sizes and among
different provinces. The GLMM results highlighted several factors that have a significant effect on winter losses. The
frequency of comb renewal and problems with the queens were responsible for most losses. The rates of colony mortality were
considered acceptable, and the symptoms of colony mortality did not match those of CCD. The parasitic mite Varroa
destructor was not found to be the main cause of these losses. This is because beekeepers regularly treat colonies for Varroa
destructor in early spring before the queens lay most of their eggs and again in late fall. This twice-yearly treatment kept the
colonies in normal or better conditions before the onset of winter. Improving the frequency of comb renewal, strengthening
the prevention and control of bee mites and other diseases, monitoring the queens, and increasing the use of the new queens
may keep colony mortality within acceptable ranges. This is the first nationwide investigation of Apis mellifera colony losses.

These results could help prevent and control honey bee colony losses in China.

Key Words: Apis mellifera L.; colony mortality; CCD; China
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Table 1 Colony losses from 2009—2013
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Period N N, col. s N. col. Median (95% B {5 IX.[a])
ere - op- - col sum (Interquartile range) Overall loss% (95% CI)

2009.10—2013.4 3,742 520,653 90 (60—150) 8.9 (8.4—9.4)
2009.10—2010.4 652 105,693 97 (64—150) 9.0 (8.7—10.5)
2010.10—2011.4 939 129,943 92 (62—150) 9.7 (8.7—10.7)
2011.10—2012.4 1,050 143,575 90 (60—150) 12.0 (10.7—13.4)
2012.10—2013.4 1,101 141,442 100 (69—150) 8.5 (7.8—9.3)

Bl A8 GETT A SR MR T - RO T GE T, AR T AR 2270 509 (3740 TG 10 IR
N.op. : ##fEi i Number of apiary operations; N. col. sum : ¥ B840 Number of colonies summary ; N. col. median ; % %0ie PU 437 54 Median number

of colonies
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Table 2 Colony losses from 2009—2013 by operation size
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N o N. col. N. col. Overall N o N. col. N. col. Overall N o N. col. N. col. Overall
- op sum  (interquartile  loss% - ob- sum  (interquartile  loss% - op- sum  (interquartile loss%
range)  (95% CI) range)  (95% CI) range ) (95% CI)
40 6.9 100 8.0 20 104
.1 134 1 23,31 2 2 1 4
2009.10—-2013 613 3317 (30—48  (59—80) /650 20,87 (15—135 (76—86) 7 25,465 (240—400)  (88—123)
40 72 100 8.5 282 113
2009.10—20104 128 SU6 h g (sese 030 s (1992 X 12T oa—a00)  (86—131)
40 7.8 9% 9.6 300 10.0
10.1 114 14: 1 2 1
20101020 P @ oo TP g e P P aoan 609
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2011.10—2012.4 189 6,608 (2—50) (T4—11.7) 736 71,572 (T1—130) (72—-9.1) 125 59,335 (H0—400)  (128—232)
40 53 100 9.0 270 8.1
12.1 134 1 42 1 49,117
2012102013 5 589 (30—30) (3.8—74) 8 86,426 (76—130) (8.1—9.9) ¥ & (238—39%0)  (6.3—10.3)
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Table 3 Colony losses from 2009_2013 by operation size and province
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Provinee . op. N, col. sum N col. median Overall loss% (95%
(inter quartile range) Confidence Interval )
B 430 116,721 190 (121—300) 19.0 (17.7—20.4)
T 7 296 22,909 75.5 (64—85) 16.2 (13.6—19.2)
AR 533 44,005 80 (65—100) 8.5 (7.2—10.0)
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How 321 38,484 50 (32—90) 2.3 (1.6—3.4)
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Table 4 Odds/odds ratios for individual potential risk factors

540 5 3 Term PR H (95% EA51X 8] ) Odds ratio of loss (95% CI)
HREH 3R Brood comb renewal 0.69 (0.53—0.89)
% T &K Queen problem 1.14 (1.11—1.16)
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N. affected : 42314012 Number of affected
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