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INTRODUCTION 

The control of insect pest populations is very important for 

successful agricultural production. The use of many insecticides 

has been severely restricted in recent years because of their unde

sirable effects on our environment. With such restrictions placed on 

the use of pesticides, there exists a need for other means of insect 

control. In recent years a great deal of research effort has been and 

is being spent to study the use of many different stimuli for the 

control of insects. . In the past many have considered use of stimuli 

such as sound, radiation, and pheromone. Even though some of the above 

mentioned stimuli show some promise, it is important that possible use 

of other stimuli be explored. Since research has shown that artificial 

magnetic environments produce a wide variety of effects on several life 

forms, the use of magnetic fields for the control of insects has 

become a hopeful possibility. Unfortunately, the information available 

on the effects of magnetic fields on insects is limited, and is often 

contradictory. Also, very limited research has been conducted to 

determine the effects of low magnetic fields on insects. Therefore, 

this study was conducted to determine the possible use of low magnetic 

fields for insect control. 

For the research described in this thesis, a single insect species, 

the cabbage looper, TpichopZusia ni (Hubner), was chosen. This partic

ular species was chosen due to: (1) availability of information on 

rearing, handling, and effects of various stimuli; (2) experience and 
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convenience in handling; and (3) available supply of insects. The 

specific objectives of this research were to determine the effects of 

low strength magnetic fields on: 

1. the IDeational preference of the adult looper. 

2. the hatchability of looper eggs when continuously exposed 

to homogeneous magnetic fields. 

3. the activity level of the adult looper. 



REVIEW OF LITERATURE 

Magnetic Fields 

General Discussion 

A magnetic field, by definition, exists at a point if a force, in 

addition to any electrostatic or gravitational force, is exerted on a 

moving charge at that point. Moving electric charges exert forces 

called magnetic forces on one another. These forces are entirely 

independent of electrostatic and gravitational forces. Steady magnetic 

fields may be produced by permanent magnets or by constant direct 

current in a fixed path. There is no difference in the nature of the 

magnetic field produced by either method (Gibson, 1969). 

The basic phenomenon of magnetism is caused by the motion of 

electric charges. Such motion of electric charges, each producing a 

magnetic field, include the motion of ions or charged micromolecules 

in a solution, electrons flowing along a conductor, an electron orbi

ting a nucleus, and the intrinsic spin of an electron, proton, and 

neutron. The neutron is an exception having no net charge, but still 

produces a tiny magnetic field (Posch, 1970). 

A magnetic field may vary in both direction and magnitude as a 

function of location and time. The instantaneous trajectories of 

motion of an element of current in a magnetic field are called the 

magnetic lines of force. These lines representing the vector direction 

of the field can best be visualized by observing the orientation of 

iron filings or small permanent magnets in steady magnetic fields. 
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Magnetic field intensity, or magnetizing force (H), is the force with 

which the field acts on an element of current located at a particular 

point in a vacuum. Units for H are ampere-turns per meter. An 

often used unit 250/n times larger is the Oersted (Oe). 

Flux density (6) is the magnetic field induced in any region by 

the magnetizing field (H). 6 is expressed in units of gauss (G) or 

a unit 104 times larger, Webers per meter square. The flux density 

depends on the permeability of the material in which the field 6 is 

induced by H. In a vacuum 6 expressed in G is equal to H expressed in 

Oe. For air and for many other materials which are not strongly 

paramagnetic, 6 is approximately equal to H. 

Each material placed in a magnetic field exhibits either para

magnetism or diamagnetism or both. The property, diamagnetism, exists 

when an opposing magnetic field B proportional to and opposed to Hand 

independent of temperature is produced in a material placed in a 

magnetic flux H. Diamagnetic materials therefore are repelled from 

areas of stronger magnetic field. Paramagnetism exists when a magnetic 

field 6 aligned with H is produced in a material placed in a magnetic 

flux H. Paramagnetic materials are attracted to areas of stronger 

field. At ordinary temperatures any substance containing atoms or 

molecules (free radicals) with one or more unpaired electrons will 

exhibit paramagnetism. Ferromagnetic materials are materials which 

exhibit strong paramagnetism. Substances exhibiting paramagnetism may 

contain diamagnetic species, but the diamagnetism is effectively masked. 
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Living cells contain some species of paramagnetic molecules. However, 

the paramagnetism is masked by diamagnetic species such as water. 

Although living cells are primarily diamagnetic, they have free radical 

intermediates with surprising stability which exhibit paramagnetism 

during many biological reactions. Such radicals are often present 

during oxidation-reduction reactions (Gross, 1963, and Posch, 1970). 

Geomagnetic Field 

Presman (1970) convincingly postulated that magnetic fields, 

especially the earth's field, normally serve as conveyors of informa

tion from the environment to living organisms, within organisms, and 

among organisms. The earth's magnetic field undergoes variations with 

time. These variations appear as small random magnetic fluctuations 

and can occur sporadically either locally or simultaneously over the 

whole planet. Most fluctuations are the result of solar activity and 

are periodic in nature corresponding to solar activity. Gibson (1969) 

indicates that the earth's magnetic field varies with geographic 

location from 0.4 to 0.8 gauss. If Presman's hypotheses are correct, 

low magnetic field stimuli well below 1000 gauss could noticeably 

affect living organisms. 

Magnetic Field Generation 

No in depth treatment of design of magnetic field producing units 

will be attempted. Instead, recommendation of references and a few 

guidelines for satisfactory designs are included. 

Gibson (1969) provides sufficient basic theory and discussion on 
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magnetic fields and design of magnetic field producing units to bridge 

the gap between the simple theory in elementary physics texts and that 

found in advanced texts on electricity and magnetism. Gibson's mono

graph provides a good number of cookbook designs and is excellent as 

a first reference for biomagnetic experimenters. Gibson's monograph 

provides information sufficient for the design of Helmholtz coils, but 

may contain errors in Helmholtz design information. Rurark and Peters 

(1926), Franzen (1962), and NAVORD Report 3768 give correct and supple

mental information on Helmholtz designs. Coil system designs for more 

than two circular air core coils are given by Barker (1949) and 

Pittman and Waidelich (1963). Unfortunately, these designs are based 

on the assumption of negligible winding cross section and should be 

used with great caution for designs requiring specific homogenity. 

Square air core coil systems, providing ease of construction of coil 

forms, are discussed by Gibson (1969) and Firester (1966). Probably 

the best reference for actual magnetic field strength calculations 

from tables is by Hart (1967). These tables are self-explanatory and 

provide easy calculation of both on and off axis magnetic field 

strength for any arrangement of circular coils with rectangular cross 

sections. 

Abler (1969) discussed the selection of units to produce homoge

neous fields and instruments needed for measuring their field strength. 

A uniform field over a large volume may be generated by Helmholtz 

coils, horseshoe permanent magnets, or iron core electromagnets with 

either fixed or adjustable air gap. When extended exposure of a 
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specimen is required, permanent magnets are desirable to avoid power 

consumption or heating problems. Use of permanent magnets may be 

limited since the field strength of permanent magnets is not adjustable 

and the volume of uniform field is often inadequate. Therefore t air 

core coils or iron core electromagnets are often used. Since electro

magnets produce heat t their design should include adequate means for 

temperature control when they are used for biological experiments. 

According to Gibson (1969) if the current is maintained below 1000 

amperes per square inch of actual cross-section of copper wire, undue 

heating can be prevented. However, a temperature rise can be expected 

even if coils are designed to meet the suggested requirement. 

Magnetic Field Effects 

Physical Phenomena 

Many magnetic field effects summarized by Barnothy (1960) can 

directly or indirectly apply to living systems. These effects may 

disrupt the delicate chemical balance in living systems and are the 

normal basis for explaining observable biological effects of steady 

magnetic fields. All systems or bodies acting as a conductor con

taining electrolytes, paramagnetic, and diamagnetic substances and 

having electric and thermal currents should experience several effects 

when placed in a magnetic field. Electric currents will be induced 

in such a body moving perpendicular to the magnetic field lines of 

force. Flowing electrolyte within the body will experience a force 

exerted perpendicular to the magnetic field lines of force and 
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perpendicular to the electrolyte flow. A similar force is exerted on a 

conductive fluid at rest when an electric current flows in the fluid. 

S,uch a force can cause a propelling action on the fluid. tVhen a 

thermal gradient exists between two points in a body, an electrical 

potential difference will be produced perpendicular to the thermal 

gradient and perpendicular to any applied magnetic field lines of force. 

Similarly, when an electrical potential difference exists between two 

points in a body, a thermal gradient will arise. Both the electrical 

and thermal conductivity properties of a body will undergo changes 

when located in magnetic fields. These effects are considered as Hall 

effects. 

Chemical reactions are theoretically accelerated if the end-product 

is more paramagnetic than the starting material, and vice versa. This 

effect is especially applicable to delicate balances of hormone and 

enzyme productions. Spherically symmetric paramagnetic blood corpuscles 

elongate and other paramagnetic corpuscles orient in the direction of 

the magnetic field vector. 

All the above phenomena occur in any magnetic field, while the 

next phenomenon occurs only in inhomogeneous fields. Paramagnetic 

materials experience a force directed towards stronger magnetic field 

strength, and diamagnetic materials are pushed away from stronger 

magnetic field areas. 

Insect Effects 

Although a wide range of literature pertinent to possible biologi

cal effects of magnetic fields has been published, only limited 
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information on the effects of magnetic fields on insects is available. 

Forssberg's (1940) paper appears to be the first convincing demonstra

tion of a magnetic effect on an insect with adequate experimental 

description. 

Forssberg exposed fruit fly, DrosophiZa meZanogaster, eggs to a 

magnetic field of 6000 Oe for 60 minutes. No observable effects were 

found for homogeneous, inhomogeneous, or interrupted fields. However, 

when the eggs were placed in a steady magnetic field after exposure to 

165 r of X-rays, a higher mortality rate was observed as compared to 

control eggs treated only with X-rays. By the bionomial test it was 

concluded that the magnetic field enhanced the kill effect of X-rays 

with 1890:1 reliability. Forssberg felt that a small biomagnetic effect 

became detectable since X-ray treatment to reduce egg viability placed 

experimental and control populations at a point of greater variability. 

Chevais and Manigault (1942) reported that fruit fly mutations were 

increased by 24 hour egg exposure to magnetic fields of over 1000 Oe. 

Data and experiment description were not reported. 

Levengood and Shinkle (1962) exposed fruit fly cultures to magnetic 

fields. Culture bottles with media 2.5 cm deep were placed on pole 

faces of horseshoe magnets. These magnets yielded very inhomogeneous 

fields varying from 1000 G at the pole faces to 350 G or less one inch 

above. A significant correlation was shown between barometric pressure 

and progeny yield of three control generations grown outside the arti

ficial field. Magnetically treated progeny yields from several genera

tions disclosed only a low correlation between yield and barometric 
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pressure. Solar flare activity was considered to affect the magnetic 

environment, but no direct correlation between daily sun-spot numbers 

and progeny was observed. 

Levengood (1966 and 1967) showed magnetic effects on fruit flies 

carried through several generations. Levengood used a magnet probe 

with 125 micron diameter tip to expose reproductive areas of pupae and 

adult Drosophila. Measurements by model 110 Bell gauss meter indicated 

150 G at the probe tip and 55 G/mm gradient in the first two millimeters. 

Levengood reported an "effective" field strength of about 24 kG at the 

surface of the probe tip. This strength was calculated from the ratio 

(about 160:1) of the gauss meter sensor area to the probe tip area. 

Adult fruit flies were exposed for five minutes or less while some 

pupae were exposed up to thirty minutes at various of developmen t • 

Fruit fly generations started from 110 hour old pupae which were 

magnetically treated for 30 minutes resulted in longer development time 

through thirty generations. As the development time decreased in later 

generations, progeny yield increased to approach control levels. The 

effect on development time was greater when pupae were treated in 

earlier stages of growth. Even a few minutes exposure of very young 

pupae approximately one hour old usually caused death. Adult virgin 

flies from treated pupae were mated with untreated virgin flies. When 

the male treated flies were mated with untreated female flies, the 

development time was increased. Treatment of pupae in the head region 

for ten minutes caused 50% mortality before maturity. Of those which 

did mature 5-10% were severely deformed. Results from magnetic 
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treatment of fertilized adult female flies were not conclusive. Experi

mental procedure and analysis of data were described in detail. 

Posch (1970) reproduced the experimental conditions of Levengood 

as closely as possible and used fruit fly stock obtained from Levengood 

as well as other strains. Under these conditions no evidence of a 

biomagnetic effect of any type was found. Modified conditions were used 

in search for a possible cause of discrepancy between Posch's and Leven

good's results. Still no magnetic effect on fruit flies was found by 

Posch. Discussion between Posch and Levengood revealed no valid 

conclusive reason for their contradictory results. 

Work by Tegenkamp (1969) with low magnetic fields revealed effects 

on sex ratios of fruit flies. Magnetic exposures of ' adult flies for 

periods of 24 hours or 72 hours prior to mating significantly (pooled 

X
2 

at 5% level) altered the sex ratio in favor of male offspring at 

the end of three generations for both low and high gradient fields. 

Not all field gradients affected the sex ratio of progeny. Exposure 

of virgin flies to null field produced by Helmholtz coils of less than 

0.05 G for 48 hours prior to mating significantly altered sex ratio in 

the third generation but not for the first two generations or the three 

generations pooled. With similar treatment and continuous exposure of 

the female after two days mating in the natural earth field, highly 

significant increases of male offspring occurred in the second and third 

generations as well as for the three generations pooled. Tegenkamp 

felt that the major mutagenic effects of magnetic fields occurred in 

gonadal tissue even though some other mutations were observed. 
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Amer and Tobias (1965) reported that the percentage of abnormali

ties in radiation treated adult flour beetle, TriboZium oonfusum~ 

decreased with increasing magnetic field strength exposure over the 

entire insect up to 8 kG. At higher fields the magnetic post-irradiation 

protection decreased again. The magnetic field exposures provided pro

tection against temperature as well as X-ray induced abnormal develop

ment •. The protective effect also depended on the partial pressure of 

oxygen. At low oxygen partial pressure, the effect of magnetic exposure 

was to predominantly protect against radiation induced abnormalities. At 

higher pressures, the magnetic field enhanced the normal oxygen toxicity 

effect of radiation treatment. 

Greenberg (1972 and 1973) surveyed populations of springtails and 

three groups of mites - the predominant soil arthropods - by extracting 

soil samples from various plots. These plots were located either 

adjacent to a power substation or along the Navy's Sanguine antenna in 

northern Wisconsin. The purpose was to determine if operation of the 

antennae had an effect on soil arthropods. Operation of the antennae 

produced ground current flow, electromagnetic fields, and extremely 

low frequency (45 or 75 Hz) radiations. Plots which were a good 

distance away from the test plots and having similar vegetation and soil 

conditions were chosen as control plots. These plots received much 

lower electric field gradients and negligible magnetic fields as com

pared to the electric and magnetic fields induced on test plots by 

antennae operation. The magnetic field produced by antennae operation 

was less than 0.1 gauss at all test plots. Arthropod populations from 
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the plots were sampled and compared. Fourteen of sixteen tests re

vealed no significant difference in arthropod abundance at test and 

control sites. The other two tests showed only marginal significant 

differences. Arthropod abundance was found to be unaffected by 

operation of the antennae or power substation. 

Brown (1971) reported that planarium worms, Dugesia dorotoeephala~ 

and mud-snails, Nassariu8 ob8oZetus~ were able to distinguish compass 

direction during experiments in the geomagnetic field. Experiments 

using artificial magnetic fields of 10 gauss or less indicated that 

these worms and snails oriented their path of motion in response to 

the vector direction of the magnetic field. If insects possess similar 

sensory capabilities as these worms and snails, they too might move 

or locate themselves in a fashion depending on an artificial magnetic 

field. 



METHODS AND MATERIALS 

Pupae of the cabbage looper were received by air mail from the 

USDA Insect Attractants, Behavior, and Basic Biology Research Labora

tory in Gainesville, Florida. These were desilked and sexed. The 

sexed pupae were placed separately in 6x6x6 inch wire mesh cages. 

These cages were located in an incubator in which emergence took place. 

Pupae were transferred daily into empty cages. In this way virgin 

moths of known age were available. Moth age given by two numbers with 

hyphen between indicate the minimum and maximum possible age respec

tively of a moth or group of moths. Prior to testing the adults were 

stored in the incubator. The temperature and relative humidity inside 

the incubator were maintained at 80°F and 60% respectively with the 

help of an Aminco air conditioning unit. The photoperiod of the moths 

was altered by turning a fluorescent light inside the incubator on 

at 6:00 p.m. and off at 6:00 a.m. This was done because cabbage 

loopers are nocturnal. Tests could therefore be conducted during the 

moths conditioned period of darkness. Moths maintained in the incuba

tor were supplied tap water from a vial with a paper towel wick strip. 

Effects on Locational Preference 

Apparatus 

A cylindrical chamber, shown in Figure 1, was constructed for 

testing the adult cabbage looper's locational preference in response to 

a magnetic field stimulus. The test chamber, 15.25 inches inside 

13 
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Figure 1. Test Chamber Used for Locational Preference 
Tests. 
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diameter and 6 inches deep, was constructed of plexiglas and plastic. 

Drop gates were provided to divide the test chamber into quadrants. 

A plexiglas sample tube (Figure 2) 3.5 inches outside diameter by 

six inches deep with a spring loaded piston was used to introduce the 

moths into the test chamber through the bottom. The sample tube could 

be locked into place under the test chamber as shown in Figure 3. A 

slide gate was provided to restrict moth movement between the sample 

tube and the test chamber. When the slide gate was opened and the lock 

pin was removed from the piston rod of the sample tube, the compressed 

spring raised the piston to a level flush with the inside bottom of the 

test chamber. In this position moths could easily leave the piston by 

crawling or flying to any preferred location in the test chamber. A 

vacuum system was developed to collect the moth samples from the wire 

mesh cages and from the test chamber into the sample tube. 

After completion of control tests to determine locational prefer

ence due to test conditions, an artificial magnetic stimulus was used 

to determine moth preference in a magnetic gradient. An electromagnet 

(Figure 4) was used to generate a magnetic gradient in the test chamber 

for these tests. It was constructed by winding 12 layers of number 21 

Heavy Po1ythermoleze insulated copper wire in the center six inch 

length of a 1 inch diameter, 10 inch length iron core. A Hewlett

Packard t Model 6438B D.C., Power Supply was used to activate the electro

magnet. The magnetic field produced by a 2 ampere current input was 

measured using a Bell 610 Gaussmeter and probes. Contours of equal 

magnetic field strength and their measured values on a horizontal plane 
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Figure 2. Sample Tube with Spring Loaded Piston and 
Lock Pin used for Introducing Test Samples. 
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Figure 3. Sample Tube in Place Under Test Chamber. 
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Figure 4. Electromagnet Used for Locational Preference 
Tests. 
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3 inches above the inside bottom of the test chamber are shown in 

Figure 6. The field produced was observed to be directly proportional 

to the excitation current up to 2 amperes and was assumed to be aXially 

symmetric about the long axis of the electromagnet. 

The test chamber was permanently positioned with the earth's 

magnetic North-South meridian bisecting two opposed quadrants. Each 

quadrant section was designated by the compass direction (N,S,E,W) from 

the center of the chamber. One 150 watt white bulb was centered at 

approximately two feet above the top of the chamber. The chamber bottom 

and sides were painted black inside. Tests were conducted in a separate 

room which was acoustically conditioned. Thus, certain variables such 

as background noise and light could be controlled. The temperature 

inside this test room ranged between 70° and 80°F. 

The electromagnet was located close to the chamber wall just out

side the South quadrant as shown in Figures 5 and 6. This condition 

was simulated by locating wooden rods which were 1 inch in diameter and 

10 inches long outside all other quadrants. All rods and the electro

magnet were painted black on the surface extending above the top of the 

test chamber. 

Procedure 

For consistency, tests were conducted between 11:00 a.m. and 3:00 

p.m. Also tests with male moths were completed before testing female 

moths on the same day. Each cage of virgin 1-2 day old moths to be 

tested was covered by a cardboard box and transferred from the incubator 
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Figure 5. Location of the Electromagnet with Respect 
to the Test Chamber. 
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Figure 6. Magnetic Field in the Plane Three Inches Above the Inside 
Bottom of the Test Chamber Produced by the Electromagnet 
Receiving 2 Amp. Current. 
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to the test room. There, under illumination of two 25 watt red bulbs, 

moths were transferred into the sample tube using the vacuum system. 

The moths collected in the sample tube were considered as the total 

sample. The sample tube containing moths was locked in position under 

the test chamber with the slide gate closed. All lights in the test 

area were then turned off for five minutes. Then the power was turned 

on for the magnet stimulus and the 150 watt bulb. The slide gate was 

opened as the lock pin in the piston rod of the sample tube was removed, 

allowing the piston to move up. After the piston head came flush with 

the bottom of the test chamber, the moths were free to move around in 

the chamber for five minutes. At the end of five minutes, the piston 

of the sample tube was lowered, the drop gates were dropped, and the 

slide gate was closed. The moths in each quadrant were then counted. 

Finally, the moths were removed from the test chamber using the vacuum 

system and were discarded. 

The piston of the sample tube was lowered before counting moths 

to remove inactive moths which did not leave the piston head. The test 

sample size thus consisted of the total number of moths remaining in 

the test chamber when the piston was lowered. Two series of tests were 

conducted following the procedure described above. The difference 

between the two series was that the control tests were conducted in the 

absence of either the electromagnet or the wooden rods. A summary of 

sets of replications analysed is given in Table 1 rather than the 

actual test data. 
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TABLE 1 

Summary of Tests Conducted to Determine the 
Locational Preference of Loopers 

Number of Average Size Average Size 
Test Stimulus Sex Replications of Total Sample of Test Sample* 

None (Control) M 15 57 47 

None (Control) M 20 49 41 

None (Control) M 11 39 34 

None (Control) F 15 54 42 

None (Control) F 15 48 42 

Electromagnet (1 amp) M 25 42 37 

Electromagnet (1 amp) F 21 41 37 

Electromagnet (2 amp) M 25 49 39 

Electromagnet (2 amp) F 25 45 38 

*Test samples equaled the total samples less the number of moths failing 
to leave the piston. 
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Results and Discussion 

Raw data consisted of number of moths in each of the four quadrants 

for each replication. These numbers were expressed as percentage of the 

test sample. The percentage data was then transformed by the inverse 

sine transformation. Analysis of variance for two-way classification 

with single observation was applied to each set of transformed data. 

The F statistic was used at the 5% level of significance to determine 

the effect of location (N,S,E,W) on moth preference. Summaries of 

analyses for the effect of location on moth preference are given in 

Tables 2 and 3. These tables give the means of transformed data for 

each quadrant location. These means indicate the relative preference 

of moths to their respective quadrants. The locations indicated by any 

two means not underscored by the same line are significantly different 

in moth preference at the 5% level. 

Results of analysis of control replication data (Table 2) revealed 

no consistent locational preference at the 5% significance level for 

either male or female virgin 1-2 day old moths. 

Data collected in the presence of a magnetic stimulus generated by 

1 ampere current indicated that male moths had a significant preference 

at the 5% level to the W quadrant as compared to the E quadrant as shown 

in Table 3. This preference between E and W quadrants could not have 

been due to the magnetic field since the field was symmetric about the 

axis of the electromagnet. No other tests in the presence of the mag

netic stimulus revealed any Iocational preferences at the 5% significance 

level. The magnetic stimulus was therefore considered to have no effect 

on locational preference of either male or female 1-2 day old moths. 
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TABLE 2 

Results of Control Tests Conducted to Determine the 
Effect of Testing Conditions on the Locational Preference of Loopers 

Test Description 

15 male 

replications 

20 male 

replications 

11 male 

replications 

15 female 

replications 

15 female 

replications 

W 

32.26 

W 

29.83 

W 

30.46 

N 

33.01 

N 

32.79 

Locational Preference Results 

N 

29.68 

N 

31.68 

N 

28.34 

W 

31.39 

W 

29.54 

S 

27.99 

S 

31.51 

S 

28.99 

S 

27.32 

s 

29.23 

E 

28.34 

E 

25.68 

E 

30.68 

E 

26.84 

E 

27.02 
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TABLE 3 

Results of Tests with the Electromagnet to Determine its 
Effect on the Locationa1 Preference of Loopers 

Test Description Locationa1 Preference Results 

25 male W N S E 

replications 32.33 29.61 29.29 27.80 

electromagnet 

(1 amp) stimulus 

21 female W N S E 

replications 31.64 28.59 31.25 27.14 

electromagnet 

(1 amp) stimulus 

25 male W N S E 

replications 30.93 30.38 29.80 28.33 

electromagnet 

(2 amp) stimulus 

25 female W N S E 

replications 31.24 29.01 31.25 28.24 

electromagnet 

(2 amp) stimulus 
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Effects on Egg Hatchability 

Experiments were originally planned to determine the effects of 

low magnetic fields on various stages of the life cycle and on the 

following generations of loopers when they were exposed to low magnetic 

fields continuously. As a first step to determine sample to sample 

variability, control tests were conducted. For these tests one female 

and two male adult loopers less than four hours old were placed in 

one of several cages. These cages were made of aluminum wire mesh and 

plexiglas as sho\Vll in Figure 7. They were 5 inches in diameter by 2.5 

inches deep on the inside. A trough was provided in each cage with a 

cotton ball initially wetted with 15% sugar water solution. Tap water 

was thereafter used to moisten the cotton ball each day. The wall of 

each cage was covered on the outside by black charcoal paper to permit 

moths to lay eggs through the aluminum cage onto the paper. This paper 

was carefully removed each day and was replaced by a new strip of paper. 

Eggs on each paper were counted and the number was recorded. This paper 

with eggs was then attached to a sheet of plywood. Four days later the 

number of eggs hatched and the percent egg hatchability were determined. 

All of the tests were conducted in a room with temperature ranging 

between 72°F and 82°F. Four fluorescent lights were placed approxi

mately two feet above the egg laying cages. These lights were turned 

on at 6:00 a.m. and off at 6:00 p.m. The moths were discarded after 

removing the paper from a cage which had contained the moths for six 

days. The cage was then washed before reuse. 

Sixteen replications of control tests were conducted. Daily egg 
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Figure 7. Cages for Moths Shown with and Without Black 
Paper Covering. 
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production from three to six day old females varied from zero to 

several hundred. Egg hatchability varied from 0% to 100%. Moth life 

expectancy was highly variable even though suitable rearing conditions 

were maintained as recommended by Henneberry and Kishaba (1966). Since 

a large variation in recorded data was observed, it was felt that 

meaningful conclusions from originally planned tests may not be possible. 

Also, results of additional tests indicated that the variability in 

percent egg hatchability could be minimized if eggs laid by a single 

female in one day were used for testing. Based on these observations, 

the research effort was reoriented to determine the effect of low mag

netic fields on egg hatchability due to continuous exposure. 

Apparatus 

Five separate units (Figures 8 through 12) were used for producing 

magnetic environments for egg exposure tests. The magnetic field 

strength variation in the region used for locating egg samples was 

determined by measurement with a Bell 610 Gauss meter and probe, The 

field strengths for each unit are listed in Table 4. 

The coils in units Band D required forced air from a fan to 

minimize the temperature difference between the test and control egg 

samples. The average temperature at the location of the test and 

control egg samples for each unit are listed in Table 4. Egg .samples 

were placed in either plastic cylinders or styrofoam cups for easy and 

safe handling. Only unit D allowed forced air flow directly over 

exposed control and experimental egg samples. The power for the-coil 

in unit D was pulsed on for one minute and off for nine minutes. ~fuen 
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Figure 8. Unit A; Barker Four Coil Electromagnet Shown 
with Cups for Housing Egg Samples. 
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Figure 9. Unit B; Barker Four Coil Electromagnet and 
Fan with Cups Housing Test Samples in Their 
Testing Location. 
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Figure 10. Unit C; Permanent Magnet Composed of Four 

Horseshoe Hagnets and Pole Pieces with Plastic 

Cylinders Housing Test Samples in Their Testing 
Location. 
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Figure 11. Unit D; Single Coil Electromagnet, Fan, and 
Tube with Egg Sample Locations Indicated. 
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Figure 12. Unit E; Horseshoe Permanent Magnet with Plastic 
Cylinder Housing One Test Sample in Its 
Test Location. 
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TABLE 4 

Field Strength and Average Temperature 
in the Units Used for Egg Hatchability Tests 

Average Temperature Average Temperature 
Test Field at the Location of at the Location of 
Unit Strength Control Samples Test Samples 

A lOG± 2% 80°F 80°F 

B 48G± 2% 72°F 74°F 

C 200G±lO% 72°F 72°F 

D 450G±l2% 72°F 74°F 

E l850G±lO% 72°F 72°F 



36 

this power was on, unit D produced a steady magnetic field. All other 

units produced continuous steady magnetic fields. 

Unit A was a four coil air core electromagnet based on design 

specifications indicated by Barker (1949). The electromagnet was con

structed by winding three layers of number 21 Heavy Polythermaleze 

insulated copper wire for each of the four coils on a 11.5 inch diameter 

cardboard cylinder. The two inner coils each contained 45 turns per 

layer wound in 1.4 inch width. The two outer coils each contained 

101 turns per layer wound in 3.2 inch width. The inner coils began 

0.7 inch from a plane through the center of the system. The outer coils 

began 4.0 inches from this plane. The coil wires received 0.5 ampere 

direct current from Kepco, Model ABC 40-0.5, D.C. Power Supply. Three 

sealed styrofoam cups were used to house egg samples in the center of 

the coil system in a cylindrical space of 2 inches diameter by 6 inch 

length. 

Unit B was a four coil air core electromagnet with a fan located 

underneath. This electromagnet was the same design as the electromagnet 

of unit A. The coil wires received 2.4 ampere direct current from ACME 

Power Supply type PS-S508S. Egg sample containers and locations were 

the same as for unit A. 

Unit C was a permanent magnet composed of four horseshoe magnets 

with 1/4 inch thick soft iron plates as pole pieces above and below the 

egg sample locations. These 4 by 7 inch plates reduced the air gap and 

strengthened the field between the plates. Five plastic cylinders were 

used to house egg samples between the plates. 
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Unit D was a single coil air core electromagnet with a fan and 

tube for forced air flow. The electromagnet was constructed by winding 

approximately 1600 turns of number 14 Heavy Polythermaleze insulated 

copper wire on a coil form 3-7/16 inches in diameter and 3 inches wide. 

The cross sectional dimensions of the wound section were 3 inches by 

2-5/8 inches. The coil wires received 4.25 direct current from AC}ill 

Power Supply Type PS-55085. Three plastic cylinders containing egg 

samples were located in the center of the coil. Control egg samples 

were located in the tube carrying forced air from the fan through the 

center of the coil. In this way the exposed egg 

approximately the same air velocity. 

received 

Unit E was a horseshoe permanent magnet manufactured by Eclipse 

Major Magnet Company. The test sample was located between the poles in 

a plastic cylinder. 

Cages used for the tests were the same as those shown in Figure 7. 

Moths in the cages were located in an air conditioned laboratory where 

the temperature averaged 72°F. 

Procedure 

Groups of one female and two male moths 0-1 day old were placed in 

separate cages. A trough was provided in each cage with a cotton ball 

initially wetted with 15% sugar water solution. Tap water was thereafter 

used to moisten the cotton ball each day. The wall of each cage was 

covered on the outside by a strip of black charcoal paper permitting 

moths to lay eggs through the aluminum cage wall onto the paper. This 
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paper with any eggs it contained was carefully removed each day and was 

replaced by another strip of black paper. Eggs laid on each paper were 

counted when the paper was removed. Moths were discarded after removing 

the paper from a cage which had contained these moths for five day. 

Cages were washed before reuse. 

Any paper removed from a cage containing 3-4, 4-5, or 5-6 day old 

moths which had 100 or more eggs was used for tests. Egg samples were 

taken by removing two sections each containing 50 eggs from the paper. 

One of these samples was then located in an artificial magnetic envi

ronment provided by one of units A through E and was identified as the 

test sample. The other sample was used as a control sample. Test con

ditions for both samples were maintained the same except for the magnetic 

stimulus. After four days the unhatched eggs from both samples were 

counted with the naked eye. The percent hatchabilities were then 

recorded. 

Results and Discussion 

Raw data consisted of sets of percent hatchabilities of the control 

and test samples. A summary of test replications and average results 

is given in Table 5 rather than the actual test data. The percentage 

data was first transformed by the inverse sine transformation. Analysis 

of variance for two-way classification with single observation was 

applied to each set of transformed data. The F statistic was used at 

the 5% level of significance to determine the effect of treatments and 

replications on egg hatchability. 
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A 

B 

C 

D 

E 

39 

TABLE 5 

Results of Tests Conducted to Determine the Effect 
of Magnetic Fields on Egg Hatchability 

Number of Control Average Test 
Replications Sample Hatchability Sample Hatchability 

25 81.1% 80.8% 

20 65.2% 64.3% 

20 63.3% 63.0% 

15 53.5% 54.5% 

20 69.1% 71.1% 
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The effect of replications on egg hatchability was highly signifi

cant (1% level) for all sets of data. This further supported the 

findings during preliminary investigation of the variation between eggs 

laid by different female moths. 

None of the treatments (test versus control sample treatments) 

caused a significant difference in egg hatchability at the 5% level. 

The various magnetic exposures of eggs were therefore considered to 

have no effect 'on egg hatchability. 

Effects on Moth Activity Level 

The amount of CO
2 

or O
2 

exchanged by moths could be used as an 

indicator of their activity level. Initially CO
2 

production of four 

male moths enclosed in a sealed chamber was determined when they were 

continuously exposed to a 50 gauss + 5% and to a 150 gauss ± 5% mag

netic stimulus. Seven gas samples of 5 ml volume each taken at hourly 

intervals from the chamber were analyzed using a Beckman GC-2A Gas 

Chromatograph. CO
2 

production under magnetically exposed and control 

conditions were determined and compared. The results obtained were 

highly variable. Conclusive interpretation of results obtained using 

this method seemed improbable. Based on this observation, the research 

effort was redirected to determine the effect of a magnetic field on 

the activity level of moths by comparing O
2 

consumption of a single moth 

before, during, and after magnetic exposure. 

Apparatus 

Oxygen consumption analysis was done using standard Warburg 
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respirometers and methods as described by Umbreit et al. (1957). Each 

constant volume respirometer (Figure 13) was essentially a liquid filled 

U-tube manometer with a stop-cock and a standard Warburg flask on one 

end. The other end was open. The liquid volume in the manometers was 

adjustable. Therefore, a constant volume of gas could be maintained in 

the flask side of the manometer. Standard 5 ml size flasks were used. 

Changes of oxygen pressure and oxygen content in the flask could be 

determined if pressure changes of other gases were known or zero. Moths 

were assumed to exchange primarily O2 and CO2 , Potassium hydroxide 

solution was added to the flasks to absorb the CO2 produced by moths. 

The Warburg flasks were located in a temperature controlled water

bath at 77°F. This temperature was maintained by the Aminco Refriger

ation unit shown in Figure 14. The unit had a stirrer to agitate the 

water during tests. 

An electromagnet (Figure 15) was constructed to produce 500 

gauss ± 8% over the volume of the flasks in the test location. The 

electromagnet consisted of approximately 3460 turns of number 21 Heavy 

Polythermaleze insulated copper wire. The wire was wound in 18 layers 

on a copper coil form 2-7/8 inches in diameter. The wire was wound to 

a depth of 5/8 inch and to a width of 5-7/8 inches on the coil form. 

The electromagnet was wax coated to avoid shorting when placed in \Vater. 

The electromagnet wire received 2.1 ampere direct current from a 

Hewlett-Packard, Nodel 643BB, D.C. Power Supply. 

The electromagnet was located in the waterbath with over half of 

the coil submerged. When a respirometer was placed in the test position, 
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Figure 13. Warburg Constant Volume Respirometer Including 
Flask. 
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Figure 14. Aminco Refrigeration Unit with Two 
Respirometers Attached. 



44 

Figure 15. Electromagnet Used for Tests with Warburg 
Equipment. 
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as shown in Figure 16, its flask was held in the center of the 

electromagnet. 

Procedure 

On each day of testing, four moths 1-2 days old were placed in 

separate test flasks with 0.05 ml of 5 M potassium hydroxide (KOH) in 

the centerwell of the flasks. Each flask with one moth was locked 

onto a respirometer and placed in the waterbath away from the electro

magnet. The moths were left undisturbed in the waterbath for at least 

one hour before testing to let the moths settle down. Respirometers 

were moved one at a time to the test location for testing. 

In the test location the manometer was zeroed, and the stop-cock 

was closed. Four readings were taken at five minute intervals after 

closing the stop-cock and before applying the magnetic stimulus. As 

the last of these four readings were taken, the stop-cock was reopened 

long enough to rezero the manometer. The magnetic stimulus was then 

applied for five minutes. As the magnetic stimulus was turned off, the 

first of five manometer readings was taken. The remaining readings were 

taken at five minute intervals. Thus, during the test for each moth, 

a total of nine manometer readings were taken. The actual test duration 

for each moth was about 45 minutes with about 30 seconds required for 

zeroing the manometer. Several control tests were completed in a 

similar manner without the magnetic stimulus. 

Hanometer readings taken during tests indicated pressure changes 

due to 02 consumption of the test moth, atmospheric pressure changes, 

and temperature changes near the respirometer or flask. Since manometer 
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Figure 16. Electromagnet and Respirometer in Testing 
Position. 
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readings indicating only O2 consumption of a test moth were desired, 

the readings taken during the tests had to be corrected. The correction 

required due to changes in barometric pressure and room temperature was 

carried out using the readings taken from a second respirometer main

tained as a thermobarometer in the waterbath. This respirometer was 

placed on the side opposite to the test location. Corrections from 

this respirometer were recorded as all readings from a test manometer 

were taken. Another correction was also necessary. The electromagnet 

during activation caused an approximate 0.5°F temperature rise only 

around the test flask. In order to correct for this, a relationship 

between time and manometer readings due only to the influence of the 

electromagnet was developed. This relationship, as shown in Figure 17, 

was used to correct recorded manometer readings from moths during and 

after the electromagnet activation. 

Results and Discussion 

A set of four replications under either control or test conditions 

was completed during each day of testing. Appropriate corrections were 

applied to the manometer readings as described previously. The correc

ted results from each set of replications were plotted as shown in 

Figures 18 through 22. Actual moles of O2 consumed by the moths were 

not determined. Flask constants for the flasks used for tests ranged 

between 0.7 and 0.8. An approximate flask constant of 0.75 times the 

manometer change per minute would approximately give the micro-

liters of O2 at O°C and 760 rom Hg consumed per minute. 

Eight male and four female moths were tested in control tests to 
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Figure 18. Manometer Readings Indicating 02 Consumption as a Function 
of Time of the First Four Male Loopers Tested Under Control 
Conditions. 
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of Time of Four Female Loopers Tested Under Control Conditions. 
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Figure 21. Manometer Readings Indicating 02 Consumption of Four Male 
Loopers Before, During, and After Magnetic Stimulation. 
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determine changes in 02 consumption rates to be expected under the test 

conditions without magnetic stimulation. Results of these tests are 

shown in Figures 18 through 20. Four male and four female moths were 

tested to determine their response to the magnetic stimulus. Results 

of these tests are shown in Figures 21 and 22. Data from each of 

Figures 18 through 22 was replotted relating the rate of change of 

manometer reading to time as shown in Figures 23 through 27. 

From the results of tests shown in Figures 26 and 27, it can be 

seen that the 02 consumption rate as indicated by rate of change of 

manometer readings was different during and after the application of 

the magnetic stimulus as compared to rates before stimulation. Except 

for one, all moths had a decrease in 02 consumption during the applica

tion of the magnetic stimulus and increase during the following five 

minutes as compared to rates before stimulation. During magnetic 

stimulation the change in 02 consumption rate for the female moths was 

greater than the change for the male moths. 

The change in the rate of 02 consumption found among the male and 

female moths tested may not be attributed to the magnetic stimulus since 

similar changes can be seen in Figures 23 through 25 showing the results 

of control tests. Therefore, based on the results shown in Figures 23 

through 27, five minutes exposure of cabbage looper moths to a steady 

magnetic field of 500 G was considered to have no effect on their 

activity level as indicated by 02 consumption rate. 
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CONCLUSIONS 

1. Virgin cabbage looper moths 1-2 day old 'exhibit no loeational 

preference in response to areas of a stronger or weaker steady 

magnetic field ranging from slightly above the geomagnetic field 

strength to a strength of 120 gauss. 

2. Cabbage looper egg hatchability remains unaffected when eggs laid 

0-1 day previously are continuously exposed to constant 10, 50, 

200, or 1850 gauss or to pulsed 450 gauss steady magnetic fields 

while hatching. 

3. Five minutes exposure of 0.5-1.5 day old virgin cabbage looper 

moths to a steady magnetic field of 500 gauss does not affect 

their activity level as indicated by their oxygen consumption rate. 
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RECOMMENDATIONS 

Based on the results of the study reported here, further studies 

on the effects of low magnetic fields on cabbage loopers are not recom

mended. Future studies may be directed to determine the effects of 

high magnetic fields or of fields below the geomagnetic field strength 

on the cabbage looper. It seems appropriate for such studies to be 

conducted in search of possible hereditary effects through several 

generations. Such studies would be time consuming and expensive, but 

hereditary effects of magnetic fields may have practical use for the 

biological control of the cabbage looper. 

For studies of other insects, experiments reporting definite 

effects of magnetic fields on a particular insect should first be 

duplicated. If such duplications produce the reported effects, the 

experiments should be varied either to determine the nature and extent 

of these effects or to determine other unexplored effects. 
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EFFECTS OF LO\-J MAGNETIC FIELDS 

ON CABBAGE LOOPERS 

by 

William Duane Daugherty 

(ABSTRACT) 

Possible effects of steady low strength magnetic fields on in

sects were studied using the cabbage looper moth, TrichopZusia ni 

(Hubner). In the first tests t adult loopers were used to determine 

their IDeational preference in response to areas of stronger or weaker 

magnetic field ranging from slightly above the geomagnetic field 

strength to a strength of 120 gauss. In a second series of tests, 

looper eggs were continuously exposed to steady magnetic fields of 

various strengths ranging from 10 to 1850 gauss. In a third series of 

tests t individual adult loopers ,-;rere exposed to a steady 500 gauss 

field for five minutes. Oxygen consumption was'monitored to indicate 

the level of moth activity before, during, and after this exposure. 

Results of the tests conducted revealed no effect of low magnetic 

fields on moth locational preference, egg hatchability, or activity 

level. 


