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Effect of social behaviour on carbon budget of honeybee colony under climate change
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Honeybee keeps their colony under dramatic change of environment by using social
behavior. This study aimed to evaluate honeybee adaptation to environment by measuring energy budget of
the hive. The energg budget was estimated from inflow and outflow of carbon from the hive. We found clear
daily change of carbon inflow, increasing in evening in summer and increasing noon in autumn. It also
decreased from summer to autumn. Total amount of carbon inflow during 3 months was 2.4 kg. Carbon outflow
decreased linearly with the decrease of temperature, increasing from summer to autumn. Total amount of

the outflow was 0.82 kg.



CO2

33-36

1)

80kg

)
@ -

1) / /

Apis mellifera 3
(Ohashi et al. 2009)

1cm

(Cin, g hr-1
colony-1)
C,=N P

X X X
forage nector Qnector Cnector+Nforage

x I:)pollenx onllen>< Cpollen ( 1)
Nforage 1
Pnectar, Ppollen
Qnector, onllen 1
(g) Chector, Cpollen
(9 g9

(Cout, g hr-t
colony1)
Cout = PV/RTx gCx ((dBcoz)/dt + 1/ax
Bcoz) ( 2
Bco2 CO2 ( )
CO: (ppm V (¢
T K P (atm) R
gC (gmol! a
270sec COq
1 P 1
R 0.082 gC 12

() ()
CO2 (ppm)
(hPa)



(2)
) 26
1
2013 9 20 10
9 2
100g
9
25
(CV-83200,1stVision,USA) 1
5
(
IN )
(Iwata et al., 2010)
40 60
10mg
30
40mg
C12H22011 40
COz (GMP221,
Vaisala, Finland)
(SY1225SL12M, SCYTHE,
Japan) COq
0.1 CO:
1
()
CO2

(FG-30KAM,AND,Japan)

10

10
3
8 14 10 31
IN
7 17
7
17 40
IN
1 IN
IN 1 IN
IN )
8 10 3
40 8 9
9 3 10 18
27 9
4
65
1

()
8 10
8 10
15
8 9 10
8
9



10 1.8kg
IN
(6)
8
(2) IN 9 10
IN 3g
13g
(N 65,
r  0.65,p<0.01)
8 10 3
IN
0.82kg
8 IN
(7)
9 10 IN 8
8 10
10 8 14
3.85kg 10 28
4.34kg 9 7 9
10 29
4.68kg
8
(3) IN
IN 1
IN
(4) IN
IN
8 9 10
(5)
15 17 IN IN
(N=36,
r=0.83, p <0.01) 15 17
IN IN
15 17
IN
(N=36, r=0.59,
p<0.01) IN
15 17 1 IN 8
1. Ikeno, H., Akamatsu, T., Hasegawa,
Y., Ai, H. Effect of olfactory stimulus
on the flight course of a honeybee,
IN Apis mellifera, in a wind tunnel, 2014,
Insects, 5, 94-102
d01:10.3390/insects5010092,
2.47kg 2. Kodama, N., Kimura, T., Yonemura,
3 S., Kaneda. S., Ohashi, M., Ikeno, H.
5.4kg 2014. Automated  analysis  of



two-dimensional positions and body
lengths of earthworms (Oligochaeta);
MimizuTrack. PLoS ONE, 9, e97986,
doi:10.1371/journal.pone.0097986.,

Rautenberg, L. P, Ikeno, H. 10

10 NeuronDepot: Keeping your
colleagues in sync by combining
modern cloud storage services, the
local file system, and simple web
applications. Front in
Neuroinformatics 8, 55, 2014. doi:
10.3389/fninf.2014.00055,

Okada R, Ikeno H, Kimura T, Ohashi
M, Aonuma H, Ito E. 2014. Error in
the honeybee waggle dance improves
foraging flexibility. Scientific Report 4,
4175; DOI:10.1038/srep04175,
Kimura, T., Ohashi, M., Okada, R.,
Crailsheim, K Schmickl, T., Ikeno, H.
2014. Development of a New Method
to Track Multiple Honey Bees with
Complex Behaviors on a Flat
Laboratory Arena. PLoS ONE, 9(1):
e84656.
doi:10.1371/journal.pone.008465,

T. Kimura, M. Ohashi, K. Crailsheim,
T. Schmickl, R. Okada, H. Ikeno,
Tracking of Multiple Honey Bees on a
Flat Surface , Proceeding of the 2012
Fifth International Conference on
Emerging Trends in Engineering and
Technology ICETET-12), 36-39, 2012,

R. Okada, H. Ikeno, T. Kimura, M.
Ohashi, H. Aonuma, E. Ito 2012.
Mathematical analysis of the
honeybee waggle dance Acta Biologica
Hungarica, 63, 75-79,

R. Okada, T. Akamatsu, K. Iwata, H.
Ikeno, T. Kimura, M. Ohashi, H.
Aonuma, E. Tto 2012. Waggle dance
effect: dancing in autumn reduces the
mass loss of a honeybee colony. 2012.
The Journal of Experimental Biology
215, 1633-1641, .

19
,2015 3 18 22
( )
,2015 3 18 22
( )
Hidetoshi Tkeno, Segmentation of

10.

neuronal structure from confocal
image and its applications, Meeting

Honeybee Standard Brain, 16-17
March, 2015, Berlin (Germany)
_ , A
2015 2 20
( )
) 4 b
2015 2 20 , (

)

Ikeno, H., Kamiyama, Y., Ishihara, A.,
Hirata, Y., Satoh, S., Yamazaki, T,
Wagatsuma, H., Okumura,Y., Inagaki,
K., Kannon, T., Asai, Y., Yamaguchi,Y.,
Usui, S., Simulation Platform:
Application Server for Testing and
Sharing Mathematical Model and
Experimental Data, INCF Japan
Node International Workshop:
Advances in Neuroinformatics 2014,
25-26 September, 2014, RIKEN
(Wako, Saitama)

Kanzaki, R., Kazawa, T., Takashima,
A., Shiga, S., Ikeno, H., Yamaguchi, Y.,
The Invertebrate Brain Platform
(IVB-PF) - Comparative Expositions
and Data Collection about
Invertebrate Brain —, INCF Japan
Node International Workshop:
Advances in Neuroinformatics 2014,
25-26 September, 2014, RIKEN
(Wako, Saitama)

Kazawa, T., Miyamoto, D. Goto, A.,
Park, H., Ikeno, H., Nishikawa, I.
Kanzaki, R. Constructing
Multi-Compartment Parallelized
Simulation from Olfactory Input to
Premotor Command Generation of
Silkmoth Brain INCF Japan Node
International Workshop: Advances in
Neuroinformatics 2014 25-26

September, 2014, RIKEN (Wako,
Saitama)
,2014 9 11 13
( )

Kimura, T., Ohashi, M., Crailsheim,
K.,  Schmickl, T., Okada, R,
Radspieler, G., Ikeno, H., Improving
tracking accuacy of the software to
track multiple honeybees, K-Track. ,
Joint  meeting of the 11th
International Neuroethology
Conference and the 36th Annual




11.

12.

13.

14.

15.

16.

17.

18.

Meeting of the Japanese Society for
Comparative Physiology and
Biochemistry, 28 July-1 August, 2014,
Supporo Convention Center, (Sapporo,
Hokkaido)

Miyamoto, D., Kazawa, T., Goto, A.,
Ikeno, H., Kanzaki, R., Constructing
a massively parallelized
morphological detailed neural circuit
simulation of silkmoth brain with
neuron database, Joint meeting of
the 11th International Neuroethology
Conference and the 36th Annual
Meeting of the Japanese Society for
Comparative Physiology and
Biochemistry, 28 July-1 August, 2014,
Supporo Convention Center (Sapporo,
Hokkaido)

Ai, H., Kai, K., Ikeno, H., Vibration
processing and olfactory locomotion
related to honeybee communication. ,
17th International Congress of the
Union for the Study of Social Insects,
13-18 July, 2014, Cairns ( Australia)

’

, 3
, 2014 2 20 ,
( )
Kimura, T., Okada, R., Ohashi, M.,
Crailsheim, K., Schmickl, T.
Radspieler, G., Ikeno H.
Development of a tracking program,
K-Track, for analyzing honeybee’ s
behaviors. ,
35 ,2013 7 13 15
( )

o

, 2

, 2013 2
22 ( )
T. Kimura, M. Ohashi, K. Crailsheim,
T. Schmickl, R. Okada, H. Ikeno.
Tracking of multiple honey bees on a
flat surface, The 5th International
Conference on Emerging Trends in
Engineering &  Technology, 5-7
November, 2012, University of Hyogo,
(Himeji, Hyogo)

, 83
2012 9 13 15 (
)
H. Ikeno, N. Nishimura, Y. Katada, M.
Ohashi. Spatiotemporal change of
honeybee fanning property in an
observation hive, 34
,2012 7 6 8
( )

19.

eY)

2

3

26

, 2012

OHASHI, Mizue

30453153

IKENO, Hidetoshi
80176114

KIMURA, Toshifumi
00316035

OKADA, Ryuichi

20423006

NAKAGIRI, Nariyuki

30378244

5

12



