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A Study on Reproductive and Wax-Moth Defense Abilities of
Honeybees (Apis cerana cerana) in Multiple-layer Hives
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Abstract: [ Objective | Chinese honeybees Apis cerana cerana is an important economic and pollination
insect species in China.The Langstroth standard beehives are widely used for western honeybees Apis mellifera.
However, Chinese honeybees have many hive types and there are no standard hives specifically for them.In this
study a multiple-layer hive was used, and the reproductive and wax-moth defense abilities of Chinese honeybees

reared in this type of hives were measured. [ Method ] The temperature and humidity inside the multiple-layer
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hive and Langstroth standard beehive were measured and compared with a hygrothermograph; and the
reproductive and wax-moth defense abilities of Chinese honeybees reared in these two types of hives were
measured and compared. Eventually, the gene expression of two antioxidative genes in newly emerged workers
from these two types of hives were compared.[ Result] The results showed that Chinese honeybees kept in this
new hive had a better reproductive ability than those reared in Langstroth standard beehives.The multiple-layer
hive had a better effect on in-hive temperature and moisture maintaining. Furthermore, multiple-layer-hive
colonies had significantly less bold pupae and cells with wax-moth eggs compared to those in Langstroth
standard beehives, and no wax moth larvae were detected in the multiple-layer hives.qPCR results revealed that
newly emerged worker bees from the multiple-layer hives had significantly higher expression of Cu-Zn SOD gene
than that of Langstroth standard beehive group, while another gene GST4 was not significantly differentially
expressed between the two groups.[ Conclusion ] This study indicates that the multiple-layer hive is better for
China honeybee survival and reproduction, and can increase China honeybees’ oxidation resistance and wax-
moth defense ability, compared to the Langstroth standard beehive.

Keywords: Apis cerana cerana; multiple-layer hive; reproductive ability ; temperature and humidity ; wax-

moth defense ability ; oxidation resistance
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Tab.1 Comparison of in-hive temperature and humidity between two hive types

[} 8] Date

F5F5 Indexes

8 H7H 7" August 9H 19 H 19" September 9 H 26 H 26" September

07:00 11:00 14:00 19:00 07:00 11:00 14:00 19:00 07:00 11:00 14:00 19:00

WG IR
Temperature R 33.7£0.6* 34.3+0.8" 22.9+1.6" 24.4+0.9° 26.2+1.3* 253+1.6" 25.2+0.9° 25.2+1.3* 30.0+0.6* 31.8+0.2* 30.4+0.3* 27.8+0.7
LSH

B
R 34.1+0.8" 34.1+0.7* 24.9+1.2* 29.7+1.7° 32.2+0.2" 30.1£1.5" 26.1+0.6* 27.4+1.3* 29.8+0.5* 30.7+0.5° 31.0+0.6* 29.9+1.1°
MLH

W% WChRE
Humidity R 67.423.5° 67.6£3.0° 78.4+5.6" 62.0+7.1° 59.0+9.0° 59.2+7.9* 61.6+8.6° 74.4+3.5° 60.0+£5.6° 57.2+8.2* 59.227.9* 61.6+8.6"
LSH

ZIATHHE
WA 82.0+4.3" 77.4+3.7" 85.0+1.9* 80.2£2.7" 82.6+2.1" 77.8+2.5" 74.2+2.5" 73.6£0.6"° 78.4+1.9" 75.2+1.1* 76.6x1.7* 80.4£3.3"
MLH

R TR 22T A (P>0.05) , AR FHREROR 2257 % (P<0.05) . BAMEAUR SAMEY) A A i) P [ hnifEDR

Same letters indicate no significant difference (P>0.05) , whereas different letters indicate significant difference (P<0.05).

LSH : Langstroth standard hive , MLH : multiple-layer hive.Each value indicates the mean+SE of five replicates
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Tab.2 Comparison of wax moth defense ability between two hive—type colonies

& INTIE N SR 1Sk i A
o] Groups
Wax—moth—egg cells No. of wax—moth larvae No. of bold pupae
Z R HE R , ,
0.40+0.89" 0.00+0.00 0.67+0.21"
MLH
BT PR v e A
]:SH 33.40+29.89" 1.40+1.95" 3.50+4.77"

HAR) P EER R 28 52 1.3 (P>0.05) , A Al FRER IR 28 53 .35 (P<0.05) o B MEANER 5 AN EY) - # AL P B (H R 2E
Same letters indicate no significant difference (P>0.05) , whereas different letters indicate significant difference (P<0.05).

LSH : Langstroth standard hive ,MLH : multiple-layer hive.Each value indicates the mean+SD of five replicates
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Tab.3 Gene-specific primers used in real time quantitative PCR

BN AR Em5 %) B 1514
Gene names Forward primer Reverse primer
GST4 CTTCTTAGTTATGGAGGTGTTG GCCATCTGAAATCGTAAAGAG
SOD AAACTATTCAACTTCAAGGACC CACAAGCAAGACGAGCACC
B-actin GGCTCCCGAAGAACATCC TGCGAAACACCGTCACCC
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