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Abstract. A novel method was used in the study of magnetosensitivity in model insects. The
equipment was self-made in our laboratory to detect the magnetic choice behavior of insects. The
device includes a perspex frame, a coil system, an illumination system and a choice apparatus. The
perspex frame is used to support the whole device and the coil system works to provide the specific
magnetic field environment for the experiment. The illumination system produces specific light
wavelength to assist the detection of magnetic choice behavior in the choice apparatus. By using the
experimental equipment, we can study a variety of light—-dependent magnetosensitivites in model
insects with specific light wavelength.

Introduction

Although the average strength of the magnetic field on the surface of the earth is less than 0.05mT, its
existence and change have a significant impact on the life organism and their activities [1]. In recent
years, the effect of magnetic field on the organism, especially on the magnetosensitivity behavior of
model insects is getting more and more attention. The experimental method is the key factor for the
study of magnetosensitivity in the model insects.

One theoretical model proposes that geomagnetic fields are perceived by chemical reactions
involving specific photoreceptors [2]. Gegear et al. presented the evidence that selective behavioural
responses to the magnetic field of Drosophila required the ultraviolet-A/blue light, which matched the
action spectrum of cryptochrome [3, 4].

In this paper, we develop a set of experimental equipment to apply to the study of light-dependent
magnetosensitivity in model insects.

Experimental M agnetic Field

Magnetic Field Generator. There are four kinds of magnetic generators commonly used in the
study of biological magnetic effect: permanent magnet, Helmholtz coils, electromagnet and solenoid
coils [5]. According to the physical characteristics of the four magnetic generators, the permanent
magnet can only produce static magnetic field that cannot be controlled, and the uniformity of magnetic
field is not good. The magnetic field generated by the electromagnet isn’t uniform either, and it needs
many ancillary installations. Compared with Helmholtz coils of the same radius, solenoid coils can
produce more uniform magnetic field and stronger magnetic intensity. In addition, the current heat
within Helmholtz coils is difficult to disperse, which may introduce some changes of temperature into
the experiment environment and eventually exert an influence on the experiments.

We chose solenoid coils to produce the required magnetic field for the experiment. Fig. 1 shows the
schematic structure of the solenoid coils. In order to set a control group, we designed a double coil
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system including two identical solenoid coil. The radius of the solenoid coil is 45mm and the height is
88mm with a diameter of 0.8mm for the copper wire and a total of 110 turns. The coil system consists
of bifilar windings which can help control the non-magnetic effects of the solenoid coils used in the
equipment. In this design, coils were wrapped in parallel with two separate, adjacent strands of copper
wire, rather than a single strand as normally used. When the currents are flowing in parallel directions,
the magnetic fields generated by each strand will yield an external magnetic field, when the currents are
flowing in antiparallel directions, no external magnetic field is generated. Both cases will produce the
same non-magnetic effects of electrical heat, and this method can reduce the small vibration and
electric field differences. The only major difference between the two solenoid coils is the presence or
absence of the magnetic field [6]. Fig. 2 shows the schematic diagram of the double coil system.

Figure 2. Schematic diagram of the double coil system. The current always flows in the same
direction in the solid loop, and the DPDT switch can change the direction of current flow in the dashed
loop. With the switch positioned as shown, a magnetic field will be generated in the right-hand coil.
Changing the switch setting will reverse the field and no-field positions [6].

The Calculation M ethod of M agnetic Field. The magnetic field produced by the double solenoid
coil can be considered as a superposition of two solenoid magnetic fields. The calculation formula of
single-layer solenoid magnetic field is shown as follows [7]:
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where = current in wire; L= solenoid length; N= number of turns per unit length; r= radius of the
solenoid; Z= the distance from point to the center axis of solenoid; and p 0 = permeability constant of
vacuum space.

When the currents are flowing in parallel directions with 0.45A intensity, the solenoid coil can
produce 5x10-4T magnetic intensity in the center (5x10-4T is the magnetic field strength used in
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experiment). The magnetic field strength of the solenoid coils is measured by Gauss meter. Fig. 3
shows the measured data which are consistent with the calculated results.
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Figure 3. Measurement of magnetic field in the coil. The starting point is the center of the coil.
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[llumination System

The illumination system in the experimental apparatus includes a light source, an electronic
transformer, a lamp and an optical filter. Fig. 4 shows the schematic diagram of illumination system.
Electronic transformer gives electric supply into the working voltage of the light source. The light
source was placed in the lampshade which is light tight. At the outlet of the lampshade, there is a
long-wavelength filter which can be changed according to the experiment requirements. The whole
illumination system is attached at the outer side of the solenoid coil. The light emitted from the lamp
irradiates on the experimental area in the solenoid coil. There are three kinds of long-wavelength filter
which can transmit wavelengths of light >500nm or >420nm or >370nm.

€

e

A

Figure 4. Schematic diagram of the illumination system. a. electronic transformer; b.
long-wavelength filter; c. light source; d. lantern; e. solenoid coil.
The wavelength transmittance of filters was measured by spectrophotometer as shown in Fig. 5.
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Figure 5. Wavelength transmittance of filters

Choice Apparatus

Referring to the choice apparatus used in the study of Drosophila melanogaster [8], we made the
choice apparatus suitable for our experiment. The choice apparatus includes a fixed base, two fixed
plates, four experimental tubes and two T-pipes. The two fixed plates were inserted into the grooves
on the fixed base. The T-pipes were located between the two fixed plates and inserted into the holes on
the fixed plates. The experimental tubes were inserted into the same holes from both sides. In order to
keep the continuity of experiment, we set up two holes on fixed plate to avoid dismantling choice
apparatus when we carry out anther experiment immediately. Experimental tubes were connected with
T-pipe through fixed plate. Fig. 6 shows the schematic diagram of the choice apparatus.
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Figure 6. Schematic diagram of choice apparatus. a. fixed base b. fixed plates c. T-pipes d.
experimental tubes.

| nsects Experiment

Fig. 7 shows the schematic diagram of whole experiment equipment. Apart from coil system,
illumination system and choice apparatus, a frame to support the whole equipment was necessary. The
frame included two plates, two bases, and a baseplate. The choice apparatus was fixed in the central of
baseplate. There were two E-grooves in each plate, the coils system were fixed between the two plates
through E-grooves and the coils system can slide along the grooves.
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Figure 7. Schematic diagram of experiment equipment. a. plates; b. E-grooves; c. bases; d.
baseplate.
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We used brown plant hopper as experimental objects. A certain number of brown plant hoppers
were placed in the T-pipes of the choice apparatus. After turning off the power for 20 minutes, the
experiment results were recorded. The choice data were collected with different magnetic field and
light wavelength for the insects. The numbers of insects in magnetic region, non-magnetic region and
T-pipe are shown in Table 1.

Table 1. Experiment results of brown plant hoppers.

_ wavelengths of light (nm)
Region
>500 >420 >370
Magnetic field 10 12 20
T-pipe 21 29 22
Non-magnetic field 19 16 13

The results showed that some factors may influence the behavior of the brown plant hopper. These
included, in no particular order of importance, (1) the opposite sex attraction, (2) pregnant brown plant
hopper were fallow, (3) brown plant hoppers showed the strongest activity in 1-3 days after eclosion.
As only long-winged brown plant hoppers are migratory, we will use the same gender long-winged
insects for the future experiments.
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