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Neural mechanism of multi-sensory integration related for deciphering the waggle
dance of honeybee
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Honeybees share information concerning profitable flowers by a species-specific
behavior, the waggle dance (von Frisch, 1967). During waggle-dance communication, hive-mates of the
dancer are able to decipher the positional and floral information contained within the dance, and
subsequently, they arrive at the indicated flower patch. We have investigated how the hivemates encounter
the waggle dancer and what neural mechanism controls the searching behavior toward the dancer. It was
found that the honeybee is attracted to the dancer by both floral scent and air-borne vibration caused by
wingbeats of the dancer, and a possible candidate of a descending neuron related with the searching
behavior. Moreover the center for detecting positional vector information encoded in waggle dance was
identified morphologically. These results will be the clue for understanding the neural mechanism related
with deciphering the positional information and floral odor encoded in the waggle dance.



(15H2)

30Hz

a, A BEAIICIES (5% TH S fiRAE)

SEABAIENEE
B ﬁ C 0
@ 0 I
p 270@ 90 %
| | : 180 | 180
C FRDENEAL 4 EHEICHEC rmpel spme
—SERRRENEIIL ~SEEFRRENEL | (W) any
remersnE( ) H Efﬁ\JEPQe%
b, EAERIHLS (B LA STRAE) EEfE— - E%@U%J
—EESREN B
1. A:
3



(@ (b)
(c, d)

[
N
o
o
o
N W
S =)

O F1000 | 3 .

2o N
o unn o

gt
[=2]
<}
IS)
covered area(cm?)

o
o wun

@ PO

®

locomotion
(€)) ) (O locomoation),
3) (O  locomotion)

€Y)

@ -5 e (mm)

— phase ll

) '15 @ — phase I

300

1)

200

)

100 @ @
N‘

body angle(”

2 -100 odor stimulus time(s)

-200




rCa TR ICa

- medio-ventral PPL

a-lobe

2 medio-ventral PPL

con\ra/-' <
dSEG . == T6l
and PPL G /}}%"\AMMC

/ >-T6 dorsal ior =

SEG / Tell | posterior T6 J SEG

Lsoma lateral ventral

C
‘ 40mv
ipsilateral
aomna 5= ees e ol
citral |
3s

antenna

4

)

dorsal NHs
central NHs
ventral NHs
JO

®




dancer

trans

A
m \foﬂower
L2
ferring
the vector information

Johnston’ s organ distance: 1 km

airborne
vibration

up

follower
5 deciphering
o the vector information

distance: 1 km

direction:; 90 degree/ neck hairs
westagainstine suf

body angle

distance: 1 km \

right dorsal NHs
fight central NHs
right ventral NHs

left dorsal NHs
- _ .
57, S

left ventral NHs

1973

9

Rautenberg, P. L., Ai, H., Ikeno, H. 10

8 10 : NeuronDepot: Keeping
your colleagues in sync by combining modern
cloud storage services, the loca file system,
and simple web applications. Frontiers in
Neuroinformatics 01/1900; 8:55, 2014, doi:
10.3389/fninf.2014.00055,

Okada, R., Ikeno, H. 6 2 . Error
in the honeybee waggle dance improves
foraging flexibility. Sci. Rep.,4, 4175, 2014,

doi: 10.1038/srep04175,

Kimura, T., lkeno, H. 7 7 :
Development of a New Method to Track
Multiple Honey Bees with Complex
Behaviors on a Flat Laboratory Arena. PLoS
ONE  9(1): €84656, 2014, doi:
10.1371/journal .pone.0084656,

Ikeno, H., Akamatsu, T., Hasegawa, Y., Ai,
H.: Effect of Olfactory Stimulus on the Flight
Course of a Honeybee, Apis mellifera, in a
Wind Tunnel. Insects, 5, 92-104, 2014, doi:
10.3390/insects5010092,

Ai, H.: Sensors and Sensory Processing for
Airborne Vibrations in Silk Moths and
Honeybees. Sensors, 13, 9344-9363, 2013,
doi: 10.3390/s130709344,

Ai, H., Hagio, H.: Morphological analysis of
the primary center receiving spatia
information transferred by the waggle dance

of honeybees. J Comp Neurol.
521:2570-2584, 2013, doi:
10.1002/cne.23299,

Okada, R., Ikeno, H. 8 4 : Waggle

dance effect: dancing in autumn reduces the
mass loss of a honeybee colony. J. Exp. Biol.
215, 1633-41, 2012, doi: 10.1242/jeb.068650,

18, No. 2, 73-84, (2011),
Ai, H.: Vibration-processing interneurons in
the honeybee brain. Frontiers in System
Neurosci. 3, doi: 10.3389/neuro.06.019.2009
(2010),

Ai, H.: The parallel systems in the primary
auditory center of the honeybee. 11th
Gottingen Meeting of German Neurosci. Soc.,
Gottingen, Germany, 18-21 March, 2015.

Ai, H.: Topological organization of
vibration-sensitive neurons of honeybee,
Meeting Honeybee Standard Brain, 16-17,
Mar., 2015, Freie Universitit Berlin

Ikeno, H.: Segmentation of neuronal structure
from confocal image and its applications,
Meeting Honeybee Standard Brain, 16-17,
Mar., 2015, Freie Universitit Berlin

Ikeno, H. 13 1 Simulation
Platform: Application Server for Testing and
Sharing Mathematical Model and

Experimental Data, INCF Japan Node Int.
Workshop: Advances in Neuroinformatics
2014, 25-26, Sep., 2014, RIKEN, Wako

Kanzaki, R., Ikeno. H. 7 6 : The
Invertebrate Brain Platform (IVB-PF) -
Comparative Expositions and Data Collection
about Invertebrate Brain —, INCF Japan Node
Int. Workshop: Advances in Neuroinformatics
2014, 25-26, Sep., 2014, RIKEN, Wako



Ai, H., Kishi, N.: How does the waggle dance
communication mature after the adult
emergence? ICN/JSCPB 2014, Sapporo
Convention Center, Japan, 28 July - 1 August.
Harada, A., Ai,H. 5 2 : Sensory
responses to the oriental orchid odors in the
Japanese @ and  European  honeybees.
ICN/JISCPB 2014, Sapporo Convention
Center, Japan, 28 July - 1 August.

Kimura, T., Ikeno, H. 7 7
Improving tracking accuracy of the software
to track multiple honey bees, K-Track,
ICN/JISCPB 2014, Sapporo Convention
Center, 28 July - 1 August.

Ai, H., Kai, K., Ikeno, H.: Vibration
processing and olfactory locomotion related
to honeybee communication. 17th TUSSI,
Cairns, Australia, 13-18 July, 2014.

Ikeno, H. 6 1 Toward
collaboration in NIJC platforms: Standard
brain database linked with application server,

Front. Neuroinform. doi:
10.3389/conf.fninf.2013.09.00109, INCF
Congress 2013, Karolinska Institute,

Stockholm, Sweden, 27 Aug - 29 Aug 2013.
Ai, H., Hagio, H.: Morphological analysis of
the prmary center receiving spatial
information transfered by the waggle dance of
honeybee. JSCPB 2013 Egret Himeji, Japan,
13-15 July, 2013

Kai, K., Ikeno, H., Ai, H.: Physiology and
morphology of antenna-vibration sensitive
neurons in the dorsal lobe of the honeybee,
Apis mellifera. JSCPB 2013, Egret Himeji,
Japan, July 13-15, 2013

Kimura, T., Ikeno, H. 7 7 :
Development of a tracking program, K-Track,
for analyzing honeybee’s behaviors, JSCPB
2013, Egret Himeji, Japan, 13-15 July, 2013
Kimura, T., Ikeno, H. 6 6 :
Tracking of Multiple Honey Bees on a Flat
Surface, ICETET-12, Egret Himeji, 5-7 Nov.,
2012.

Takashima, A., Ikeno, H. 8 6
Interactive brain map in the Invertebrate
Brain Platform (IVB-PF), Neuroinformatics
2012, Munich, 10-12 Sep., 2012.

Ikeno, H. 11 1 : Improvement of
Simulation Platform for providing reliable
and easy use model simulation environment,
Neuroinformatics 2012, Munich, 10-12 Sep.,
2012.

Ai, H 4 1 : Neuroethological
analysis of vibration and olfactory processing
related to in-hive communication of the
honeybee. 35

18-21 Sep, 2012.
Ai,H. 7 1 : Specific locomotion
patterns induced by learned odors in the
honey bee (Apis mellifera L.). JISCPB 2012,

Q1

Q2

Q3

Q5

, Hayama, Japan, 6-8 July, 2012

Ikeno, H. 4 1 : Spatiotemporal
change of honeybee fanning property in an
observation hive, JSCPB 2012, ,
Hayama, Japan, 6-8 July, 2012.
Takashima, A., Ikeno, H. 8 6 :
Recent advances of the Invertebrate Brain
Platform (IVB-PF) JSCPB 2012, ,
Hayama, Japan, 6-8 July, 2012
Ai, H., Ikeno, H. 6 1 5 :
Two types of odor-triggered walking
behaviors of honeybees controlled by
classical  olfactory  conditioning. gt
International Congress of Comparative
Physiology and Biochemistry.

, Japan, May 31-June 5, 2011
Ai, H., Ikeno, H. 6 1 2
Modelling and comparative analysis of an
identified vibration-sensitive interneuron of
honeybee brain. Japan-Germany Joint
Workshop on “Computational Neuroscience”.
OIST, Okinawa, March 2-5, 2011.
Ai, H.: The Auditory System of the Honeybee.
International Symposium in  Honeybee
Neuroscience, Berlin, June 10-13, 2010.
Ai, H., Ikeno, H. and Itoh, T.: Parallel
processing in the auditory center of the
honeybee brain. 9™ ICN, Salamanca, Spain,
Aug. 2-7, 2010.
Akamatsu, T., Hasegawa, Y., Ai, H., Ikeno
H.: Analysis of flight trajectory of honeybee
(Apis mellifera) for the olfactory stimulus in a
wind tunnel., 9™ ICN, Salamanca, Spain, Aug.
2-7,2010.

1
Ai, H., Itoh, T.: The Auditory System of the
Honeybee. In “Honeybee Neurobiology and
Behaviors. (Eds.: Eisenhardt, D., Galizia. C.
G. and Giurfa, M.)” Chapter 4.3, 2nd ed.
Springer Verlag. Berlin Heidelberg. Germany,
2012, pp. 269-283,

https://invbrain.neuroinf.jp/modules/newdb11
2/list.php?id=2&n=20&sort=1&sort _method
=desc&item=0&ml_lang=ja
https://projects.g-node.org/ginjang/description
.html

o

Al, Hiroyuki

@

IKENO. Hidetoshi



