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Kaiser (1977)

photoreceptors: UV

receptor Apax = 339 nm, Blue receptor Ay, = 440 nm, Green receptor An., = 540 nm ; Backhaus and

Menzel, 1989

wavelength-specific behavior Labhart (1974)

Labhart A =350-360 nm

A =500-540 nm A =410-470 nm Menzel
Greggers (1985) sensory and

motivational state
Menzel  Greggers
Amax = 540 nm
e.g. Bertholf, 1931ab; Sander, 1933; Wolf and
Zerrahn-Wolf, 1935; Weiss, 1943; Heintz, 1959; Labhart, 1974; Kaiser et al., 1977

Menzel and Greggers, 1985
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Figure 1. Arrangement of the set-up for measuring honeybee phototactic responses. Before each
experiment, the honeybees were firstly put into the side chamber 30 cm X 30 cm x 15 cm of the
black tunnel 30 cm X 30 cm X 91 cm for 20-min dark-adaptation. Then the gate of the side chamber
was open for phototactic tests. (a) To specify the wavelength of light stimulus, an Xenon arc lamp was
used as the light source, and the wavelength and intensity was controlled by a monochromator and a
neutral density wedge, which were both controlled by a PC. When the honeybees were attracted to a
brighter side, the orientation of the black tunnel could be changed by turning the turning table beneath
the tunnel. (b) Experiments for contrast sensitivity were done with the same black tunnel. The light

source were two lamps which one on each side.
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(a) monochromator, Spectrapro 150
Xenon arc lamp, Svx1000, Elektronik Optik Lampenversorgung
neutral density
filter wedge S50W,
Philip Model B 100AP, UVP Blak-Ray®

(b)

Spectrophotometer S2000, Ocean Optics Inc. Lux meter 1335, TES
UV Radiometer UVX-36, UVP Blak-Ray® Michelson contrast
C=0-L)/(1+]) L, L

m R

335 nm 435 nm 540 nm
6:00  18:00 2
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18:00 14-15

8:00 16:00

15 lux
0.3
30 %
Weber’s Law (Wandell, 1995; Wyszecki and Stiles, 2000)
15 lux 8-10 lux
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Figure 2. Minimal intensity required to elicit honeybee phototactic behavior measured with a 2-hour

interval from 6 to 18 o’clock. The visual stimulus used in the experiment was monochromatic light.

Three wavelengths were used: 335 nm, 435 nm and 540 nm, which are the wavelengths the three types

of honeybee photoreceptors most sensitive to.

2 x 10° Wem?
14 % 2 x 107° Wem?

Weber’s Law 0.35

1.5~1.8 x 10° Wem?
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Figure 3. Contrast sensitivity of the honeybees when they were adapted by different light intensity
levels. ® light source was halogen lamp and the unit of light intensity was lux A light source was UV

lamp and the unit of light intensity was 107 Wem®  Each of data point is mean + SE (n=10)
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Figure 4. Contrast sensitivity of the ocelli-covered honeybees when they were adapted by different light

intensity levels. The light source was halogen lamp and the unit of light intensity was lux Each of data

point is mean + SE (n=10)
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Weber’s Law 15
lux

(cone cell) (rod cell)
(Wandell, 1995)
(Goodman, 1981) (Kien and
Menzel, 1977; Menzel and Backhaus, 1989)
Weber’s Law 0.3
30%
(optic lobes) lamina monopolar cells (LMCs)

(Laughlin and Hardie, 1978; Srinivasan et al., 1982; Laughlin and Osorio,

1989; Laughlin, 1989) (depolarization)
LMC LMC LMC
(hyperpolarization) medulla (Mengzel,
1974; Ribi, 1981) retino-lamina system lens eye
bipolar cell lens eye
resting potential (repolarization
) bipolar cell (Wandell, 1995)
lens eye  bipolar cell compound eye  LMC
LMC (Menzel, 1974; Ribi, 1976; de Souzaet et al.,
1992)
LMC (Shaw, 1975; Laughlin and
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(inhibitory inputs) (Laughlin and
Osorio, 1989; Yang, 1994)
(Laughlin and Osorio, 1989)
(Laughlin, 1989)

(NO) visual
system (retrograde) (Bicker and
Schmachtenberg, 1997; Jones and Elphick, 1999) medulla  lobula

(Miiller, 1994)
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Phototactic Behavior of Honeybee:

Contrast Sensitivity and Possible Visual Neural M echanisms

En-Cheng Yang™, Shang Chuan Huang?, Yi-Ling Chen® Jia-Fang K uei*
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? Taipei Municipal Li Shan Senior High School

ABSTRACT

Honeybee has strong phototaxis. Previous studies have shown that honeybee phototactic
behavior was highly sensitive to UV light, but some demonstrated that the three types of
photoreceptors of honeybee compound eye were involved in the phototaxis. In spite of the
different action spectra of honeybee phototaxis among those different experiments, the
contrast sensitivity of honeybee phototaxis is not yet clearly known. In this article we mainly
focus on the experiments to reveal (1) the changes of the sensitivity of phototaxis during a day,
and (2) the relationship between the phototaxis and the intensity contrast. Our results show
that the sensitivity of honeybee phototaxis is time-dependent, indicating this behavior is
influenced by the circadian rhythm of photoreceptor sensitivity. Besides, the contrast
sensitivity of honeybee phototaxis shows that the honeybees were most sensitive to light
change under dim light condition, about 8-10 lux; while the honeybees were adapted by the
light intensity more than 15 lux, the contrast sensitivity of the phototaxis was a constant,
suggesting the behavior follows the Weber’s Law under a bright condition. By covering the
ocelli, we also demonstrated that the high contrast sensitivity in the dim light condition was
due to the high sensitivity of the photoreceptors in the ocelli. Possible visual neural
mechanism involved in the contrast sensitivity of insect compound eye vision is also

discussed.

K ey wor ds: honeybee, phototaxis, contrast sensitivity.
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