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INTRODUCTION

The khapra beetle, Trogoderma granarium Everts, is 

one of the world's most important pests of stored grain.

It is found on all continents wherever grain and grain pro

ducts are stored except South America (Lindgren et. al., 

1955). In the United States it has been found in at least 

23 counties of California, Arizona and New Mexico. Since 

its discovery in Tulare County, California, in October, 1953 

(Allen and Linsley, 1954), it has caused extensive damage to 

a wide variety of stored products. Considerable work has 

been accomplished on the food preferences and feeding habits 

of the khapra beetle, although much of it has dealt with 

grains and related products (Nutting, 1959, 1960; Strong et. 

al., 1959; Lindgren and Vincent, 1959). Noon (1958) tested 

the preferences of the khapra beetle with a variety of food 

substances of both plant and animal origin. However, no 

refined studies have been made with respect to the reactions 

of this insect to the odors of various organic substances. 

Any knowledge from this area should fill an important gap in 

our knowledge of its biology and perhaps lead to innovations 

in its control.
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Shortly after the khapra beetle was discovered, pro

grams to eradicate this pest were launched by agencies of 

the federal government and the states involved. Strict 

quarantine regulations were placed on known infestations. 

These programs and regulations, together with the constant 

possibility of escape from laboratory cultures, have made it 

very difficult or impractical to use this insect freely for 

research purposes. Trogoderma parabile Beal is a close rel

ative of the khapra beetle and occurs commonly throughout 

the southwestern United States (Beal, 1960; Burges, 1961; 

Loschiavo, 1960). It is also a serious but unquarantined 

pest of stored grain and appears to have food habits and pre

ferences very similar to those of the khapra beetle. For 

these reasons, this insect was chosen as a substitute for the 

khapra beetle in the present studies. It is hoped that some 

of these tests can be repeated in future work on the more 

important khapra beetle.

Carbon dioxide is known to influence the behavior of 

certain insects and a very intensive study has been made on 

the reactions of mosquitoes toward COg. Willis and Roth 

(1952) confirmed that at certain concentrations, COg is actu

ally attractive to mosquitoes; however, it is not a strong 

attractant for most insects and may even be a repellent.



Weiting and Hoskins (1939) found COg to have no appreciable 

effect on houseflies in concentrations below about two per 

cent. At concentrations above two per cent, it proved to be 

a weak attractant. Mclndoo (1933) found all concentrations 

of CC>2 repellent to blowflies in an olfactometer. Willis 

and Roth (1954) found the red flour beetle, Tribolium 

castaneum Herbst, to be strongly.attracted by low concentra

tions of COg and strongly repelled by high concentrations.

In contrast, they found the confused flour beetle, Tribolium 

confusum Duval, to be only moderately attracted by,Tow con

centrations of CC>2 , although the females of this species 

were more strongly attracted by high concentrations. Lindgren 

and Vincent (1959) ,found that some khapra beetle larvae could 

survive for 14 days in pint mason jars filled with pure -COg 

and held at room temperature. There was no survival after 

19 or more days' exposure.

A number of insects have also been shown to be affect

ed in varying ways by the vapors of certain alcohols. 

Richardson (1917) found the housefly to be attracted to ethyl 

alcohol in four- and ten-per cent solutions, the former being 

the stronger attractant. He also found "amylic" alcohol to 

be considerably more attractive than ethyl alcohol in a four- 

per cent solution. Mclndoo (1933) found that concentrations



of "alcohol" (ethyl?) up to six per cent were attractive to 

blowflies but higher concentrations were repellent. A four- 

per cent concentration was the most attractive and a 20-per 

cent concentration was the most repellent. Working with 

blowflies, Dethier and Yost (1952) found that in terms of 

molecular concentration, alcohols are rejected at logarith

mically decreasing concentrations as chain length is in

creased. Beyond decanol he found no further stimulation.

Another area' of study involves the attractive qual

ities of various food substances. Although the host mater

ials of the khapra beetle are fairly well known (Strong et. 

al ■ 1959), no work has been done to determine whether the 

adults or larvae seek out food by homing toward attractive 

odors. If the larvae do not seek out food by odors, then it 

is possible that the adults seek out the food on which to 

oviposit. Willis and Roth (1950b) .tested the attractiveness, 

of whole wheat flour to the red flour beetle, Tribolium 

castaneum. They used a circular arena with a screen floor 

and placed the attractant under the floor. It was found that 

the moisture content of the flour was a very important factor 

in these tests; beetles that had not been starved were re

pelled by flour with 5 and 15 per cent moisture content. 

Starved beetles were attracted to both dry and moist flour.



with the strongest attraction being.toward the moist flour. 

Beetles starved under dry conditions were more strongly 

attracted to moist flour than those starved under humid con

ditions .

A number of types of olfactometer were studied 

before one could be designed which was suited to the rela

tively sluggish behavior of the larvae used in the present 

tests. Mclndoo (1926) used a Y-tube olfactometer in testing 

certain plant odors on the potato beetle. Odorless air was 

allowed to diffuse through one arm in the direction of the 

stem, while odorous air from a trap containing the.test sub

stance diffused through the other. Insects passing into the 

stem in response to light were thus presented with a choice. 

The reaction of the insects to different substances could be 

determined from the number of insects entering each arm.

This type of apparatus is most effective when active insects 

are used which respond positively to light. Mclndoo (1933) 

developed another olfactometer for experimentation with blow

flies which consisted of a wooden box 12 inches square and 

three inches deep with a screen top. Two special cups were 

placed in the bottom through which odors entered the box.

This model allowed for some control of temperature and humid

ity and permitted more freedom of movement of the insects.
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Several workers have used modified, venturi-type ol

factometers for testing flying insects (Hoskins and Craig, 

1934; Weiting and Hoskins, 1939; Willis, 1947; Dethier, 

1952), In all of these olfactometers, the influent ports 

entered the side of the insect chamber and the exhaust ports 

exited from the bottom. This system forces the gas streams 

to change direction in the insect chamber which does not in

sure good distribution.

Willis and Roth (1950a, 1954) developed an olfac

tometer for use with flour beetles of the genus Tribolium 

which consisted of a small oval cage with a 40-mesh brass 

screen bottom. A modification of the. venturi-type olfac

tometer, this design had twin buchner funnels serving as 

influent ports directing the gas stream down on the insects 

with exhaust through the bottom. A unique feature of this 

system was the oval cage which closely fitted the influent 

and exhaust ports thus causing a high percentage of insect 

participation. As there was no changing of the direction of 

gas flow in the cage, positive control over the distribution 

of odors could be maintained. After several trials, a modi

fication of this type of olfactometer was finally developed 

for use with the larvae of Trogoderma parabile.
it #  -X-



MATERIALS M D  METHODS

Insects. Laboratory cultures of Trogoderma parabile 

Beal have been maintained on oatmeal in gallon jars for 

about two years. This stock, held at room temperature, was 

started with larvae from various sources in Tucson,' Arizona. 

Large larvae, probably in the fourth instar or later were 

used in all tests. In most cases the lafvae were starved 

for ten or more days before testing and were routinely kept 

in an incubator at 30° C. The only exceptions were those 

insects from which the antennae were removed and those used 

for testing replete larvae. . The larvae which had their 

antennae removed were starved.two days prior to testing.

Those used for testing replete larvae were taken directly 

from.the stock culture.

' Apparatus. Plate I illustrates the modified, venturi- 

type olfactometer which was constructed as follows. The 

sheet metal arena measured 3.2 x 5.8 x 4.5 cm. deep and was 

fitted with a 30-mesh Saran screen floor. This design was 

decided upon after experimentation proved it to be best suit

ed to the size and speed of the test insects. A special



twin-funnel arrangement was created by cutting a hyperbolic 

section from two polyethylene funnels. The funnels were 

then cemented together with a thin sheet of plastic between 

the cut surfaces. Horizontal baffles were made of fine 

mesh .screen and placed in the funnel throats to distribute 

evenly the gases passing through them.. The twin funnels 

were placed beneath the arena with the thin center partition 

bisecting the bottom of the arena. This arrangement provided 

a separate flow of gas to each half of the arena.

The air used in this study was obtained in cylinders 

from.the Linde Company, Division of Union Carbide Corporation, 

and was made by mixing liquid oxygen and liquid nitrogen.

The oxygen (99,5+ per cent pure) contained about ten parts 

per million of hydrocarbons and a small amount of argon.

The nitrogen contained approximately 20 parts per million of 

oxygen and 1200 parts per million of argon, but no hydrocar

bons. The air was "driox" pumped (not water pumped) and pre

sumably, for all practical purposes, contained no water vapor 

(Dunn, 1962, in .litt,). The carbon dioxide used had been 

manufactured for medical purposes.

The flow of all gases was measured with Matheson 

flowmeters, model 640 B . Two hundred cubic centimeters of 

gas per minute were run through each side of the arena



during all tests. This rate of flow of air was maintained 

in one side as a standard against which all gaseous mixtures 

and other materials were tested. In tests involving carbon 

dioxide, a third flowmeter was incorporated into the system 

to obtain the reguired percentage of carbon dioxide in air 

while still maintaining the same rate of flow.

In the case of liquids > a wad of Pyrex wool filter

ing fiber was wetted with the substance being tested and 

placed in a calcium chloride tube connected in series with 

one of the air lines beyond the flowmeter. No attempt was 

made to control the molecular concentration of these odorous 

substances in the gas stream. The odors of solids were 

tested by placing a small amount of the material in a calcium 

chloride tube between, wads of Pyrex wool. The wool prevented 

entrainment of particles in the air stream to the influent 

funne1.

The arena and twin-funnel arrangement were supported 

by ring stands and clamps. A cardboard shield enclosed the 

apparatus on three sides to minimize the influences of light, 

air currents and other extraneous factors. Before the start 

of each test, the arena was leveled with the aid of a univer

sal surface leveler.
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Materials tested. The materials tested may be divid

ed into three main categories as follows:

(I) Carbon dioxide: concentrations ranging from

2,5 per cent CO2 in air to 100 per cent COg.

(II) , Selected organic compounds:

A. Alcohols

Methyl 

Ethyl 

n-Propyl 

iso-Propyl 

n-Butyl 

iso-Butyl 

sec-Butyl 

tert-Butyl 

n-Amyl 

iso-Amyl

sec-Amyl

tert-Amyl

n-Hexyl

n-Heptyl

n-Octyl

n-Nonyl

n-Decyl

n-Undecyl

n-Dodecyl

B, Organic acids 

Formic 

Acetic 

Propionic

Butyric

Valeric
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C. Miscellaneous materials

Acetoin- 2-Furaldehyde

Diacetyl Propionic anhydride

(III) Food Materials:

Alfalfa, dried hay 

Barley, rolled, dry 

Barley, rolled, moist 

Brewer's yeast, dry 

' Brewer's yeast, moist 

Fish meal (feed additive)

Meat scraps (feed additive)

Test methods« Each test was begun by distributing 

the larvae as evenly as possible across the bottom of the 

arena with ten on each side of the center. Ten minutes after 

the gas flow was started, and after each successive ten- 

minute interval, the distribution of the insects was recorded. 

Using 20 insects in each test allowed for rapid and accurate 

visual counts of their distribution. A total of 15 counts 

was taken over a period of 2.5 hours. This rather lengthy 

period between counts was allowed because of the sluggish 

manner in which this insect behaves. It was found that a 

shorter period was generally insufficient for any significant



redistribution of larvae within the arena. After each 2.5- 

hour test, the two gas streams were reversed so that each 

stream flowed through the opposite half of the arena.

After allowing time for the re-establishment of stable test 

conditions within the arena, another 2.5-hour test was begun. 

Reversing the gas streams between tests was done to cancel 

any bias which may have resulted from unknown or uncontrol

lable factors. In all runs using carbon dioxide, the entire 

testing procedure was repeated, giving a total testing time 

of ten hours for each gas mixture.

It has been shown that many insects may become con

ditioned to odors and their responses thus affected (Dethier, 

1947). Because of the length of time the larvae were exposed 

to the odorous substances, different groups of insects were 

used during each successive test with a material to reduce 

the possible alteration of the results due to any condition

ing effect.

The successive tests conducted with each material 

are believed to differ in no way other than those involving 

deliberate reversal of the gas streams and the use of differ

ent individual insects. For analysis, the data of all tests 

run with one material were lumped together. This gave a 

total of 30 recorded counts in most cases. In tests involving
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COg, the entire procedure was repeated to give a total.of 60 

counts per test for each concentration.

The mean reaction (MR) for each substance has been 

calculated by using the formula MR=OtA/N, in which 0 is the 

sum of the positions occupied by the insects in the odorous 

gas, A the sum of positions in pure air and N the total num

ber of recorded counts. Since 20 insects were used in each 

test, a maximum reaction of +20 or —20 is possible in each 

case. A value of zero indicates no reaction, where equal num

bers of insects have been recorded on each side of the arena. 

A positive value indicates a preference for the substance 

being tested, and a negative value indicates a preference for 

pure air. The standard error of the mean has been calculated 

for each test while the significance of each at the five.per 

cent level has also been determined.

As there was no practical way of controlling tempera

ture during these tests, all were run at room temperature.

This ranged between 24° and 32°, but in most cas.e:s averaged 

2,9° to 30° C. The approximate relative humidity of the room 

air was recorded for all tests but since the only air influ

encing these insects during each test was coming from the com

pressed air cylinders, this factor has not been taken into 

consideration. Reactions of these insects to moisture is
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considered in the following section under Relative 

humidity.

*  *  •*



EXPERIMENTAL RESULTS

Control test. A control test was conducted to deter

mine whether any extraneous factors, or even the configura

tion of the arena itself, might have any effect on the dis

tribution of the larvae. Twenty insects were placed in the 

arena and a test was run in the normal way except that no 

air flow or odor was allowed to pass through the influent 

ports. A total of six runs was conducted with 90 counts over 

a period of 15 hours. The results of this test are shown in 

Table 1. There was no significant bias or attraction toward 

either side of the arena.

Results of control test showing the reactions of 20 larvae of 

Trogoderma parabile in arena without any air flow or odor.

See page 13 for explanation .of the treatment of data in all 

tests.

Table 1

Mean reaction Significant 
reaction at 
5% level+ standard error Number of counts

+0.35+0.373 90 no

15
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Relative humidity. It was felt that humidity might 

well have some influence on the behavior of the insects 

during the tests. The effect of relative humidity on larval 

behavior was not studied in detail; however, in order to 

gain some measure of its effect, a test was run using dry 

versus humid air. The stream of air running to one side of 

the arena was passed through a calcium chloride tube filled 

with calcium chloride which effectively insured a relative 

humidity close to zero. The opposite stream was passed 

through a calcium chloride tube containing Pyrex wool satu

rated with distilled water and delivered air at or close to 

100 per cent relative humidity. • As can. be seen from Table 7 

and Plate IX, the larvae showed a distinct preference for 

the drier air. Where humidity is involved in tests of certain 

moist food substances, its effect on those results is consid

ered.

Carbon dioxide. All tests using COg were ten hours 

in length which gave a total of 60 counts per test. This in

creased number of counts, higher than all other tests except 

the control, was felt advisable because of the low level of 

response demonstrated by the larvae toward many of the con

centrations. The results of these tests are given in Table 

2. The lowest concentrations of COg used, 2.5 and 5 per cent.
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Table 2

Results of tests showing the reactions of 20 larvae of 

Trogoderma parabile toward different concentrations of.car

bon dioxide„

CC>2 per cent 

by volume

Mean reaction 

+ standard error

Number 

of counts

Significant 
reaction at 
5% level

2.5 —2,46 + 0.659 60 yes

5 -2.03 + 0.601 60 yes

10 -0.60 + 0.642 60 no

20 0.23 + 0.666 60 no

30 0.57 + 0.648 60 no

40 1.07 + 0.570 60 no

50 3.17 + 0.695 60 yes

60 2,42 + 0.747 60 yes
70 2.83 + 0.609 60 yes
80 6.20 + 0.906 60 yes '
90 9.40 + 1.001 60 yes

100 11.67 + 0.832 - 60 yes
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proved to be moderately repellent„ Repellency disappeared 

above the 5-per cent concentration and at concentrations of 

10, 20, 30 and 40 per cent COg there was no significant 

effect either as an attractant or repellent. Concentrations 

of 50, 60 and 70 per cent were moderately attractive. At 

higher concentrations attractiveness increased sharply, with 

90 and 100 per cent COg being very attractive.

The regression line plotted in Plate II shows that 

the reversal concentration for these larvae is approximately 

25 per cent COg. According to Dethier (1947) reversal con

centration is "that at which 50 per cent of the insects' re

spond positively and 50 per cent respond negatively." Know

ing that CC>2 .is anesthetic to many insects, one might suspect 

this factor to have influenced the results. At all concen

trations below 100 per cent, the larvae were active throughout * 

each of the tests and showed no visual signs of being anes

thetized. In 100 per cent COg, larval activity was accentuated 

temporarily, increasing the probability of escape to the air 

zone, although the insects which remained in this concentra

tion soon became anesthetized. Plate III illustrates the 

ranges, means, and 95-per cent confidence limits for each 

concentration of COg.

Alcohols. The results of tests involving alcohols 
are shown in Table 3. Plates IV and V illustrate the results
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Table 3

Results of tests showing.the reactions of 20 larvae of 

Trogoderma parabile toward the vapor of certain alcohols.

Mean reaction Number Significant
reaction at

Alcohol + standard error of counts 5% level

Methyl 0.20 + 0.781 30 no

Ethyl ■̂0 .80 + 1.277 30 no

n-Propyl —5 .40 + 0.850 30 yes

Iso-Propyl -2.40 + 0.768 30 yes

n-Butyl -11.73 + 0.927 30 yes

iso-Butyl -9.60 + 0.600 30 yes

sec-Butyl -9.80 + 0.993 30 yes

tert-Butyl. -6.47 .•+ 0,675 30 yes

n-Amyl -11.60 + 1.016 30 yes

iso-Amy1 ,-12.80 + 0.494 30 yes

sec-Amyl -12.40 + 0.792 30 yes

tert-Amyl -11.74 + 0.723 30 yes

n-Hexyl -6.27 , + 1.078 30 yes

n-Heptyl -3.80 + 0.885 30 yes

n-Octyl 0.60 + 0.940 30 no

n-Nonyl -0.93 + 0.708 30 no

n-Decyl -1.20 + 0.808 30 no

n-Undecyl -2.13 + 1.285 30 no

n-Dodecyl 0..00 + 0.635 30 no
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of the normal alcohols only. Methyl and ethyl alcohol elicit

ed no significant reactions from the insects either as at- 

tractants or repellents, and although n-propyl alcohol was 

strongly repellent, iso-propyl alcohol was only moderately 

so. All of the butyl alcohols were strongly repellent with 

n-butyl being the most repellent and tert-butyl being the 

least repellent. The four amyl alcohols tested were very 

strongly repellent with the reactions toward each being very 

close. The butyl and amyl alcohols were the most repellent 

alcohols tested. Beyond these, alcohols with longer carbon- 

chain lengths showed decreasing repellency. Hexyl alcohol 

was strongly repellent, but much less so than any of the amyl 

alcohols. Heptyl alcohol.was only moderately repellent. All. 

of the remaining alcohols tested, octyl, nonyl, decyl, undecyl 

and dodecyl had no significant effect on the insects either 

as attractants or repellents.

Organic acids. Table 4 shows the results of tests 

involving five normal organic acids. A special situation 

developed when testing formic and acetic acids. The larvae 

showed a very strong negative reaction toward the formic acid 

side of the arena. At the start of the test, five of the ten 

larvae placed in this zone failed to reach the air zone be

fore they were overcome. During the course of the test, six
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more larvae wandered into the acid zone and were also over

come. After completion of this test, all eleven of these 

larvae were isolated and never recovered. Similar results 

occurred in the test with acetic acid. Nine larvae were in 

the acid zone of the arena at the end of the test and during 

the isolation period of two weeks, they also failed to re

cover. Because of this lethal effect on the larvae, the 

results of these tests do not emphasize the strong negative

Table 4

Results of tests showing the reactions of 20 larvae of 

Trogoderma parabile toward the vapors of certain organic 

acids.

Acid

Mean reaction 

+ standard error

Number 

of counts

Significant 
reaction, at 
5% level

^Formic -0.53 + 0.984 15 no

*Acetic -10.00 + 1.537 ,15 yes

Propionic -17.13 + 0.327 30 yes
Butyric -16.34 + 0.761 30 yes

Valeric i—1COCDI + 0.881 30 yes

*These results not considered valid.
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reaction observed during the testing. Therefore, the second 

portion of these tests, with the gas streams reversed, was 

not conducted and the mean values were not included in 

figuring the regression line in Plate VI. For the same 

reason, the results of formic and acetic acid shown with 95 

per cent confidence limits on Plate VII are not considered 

to be valid indications of the true repellent value. There 

was no mortality or evidence of any .anesthetic effect on 

the insects during.tests of the other acids. Propionic and 

butyric acid were very strongly repellent. Valeric acid, 

although strongly repellent, was less repellent than either 

propionic or butyric acid.

Starved larvae vs. replete larvae. To detect any 

possible differences between the reactions of starved and 

replete larvae comparison tests were conducted with one 

neutral and one repellent substance. Larvae were taken dir

ectly from the stock cultures and subjected to the previously 

tested substances, n-dodecyl and n-butyl alcohol. The results 

are shown in Table 5 and Plate VIII. Dodecyl alcohol elicit

ed no significant reactions from either the starved or re

plete larvae. On the other hand, n-butyl alcohol, a very 

repellent substance when tested on starved larvae, was even 

slightly more repellent to replete larvae. This difference.



23
though not significant, suggests that the replete larvae may 

,have a. slightly lower sensory threshold to certain substances 

or that they respond with a higher rate of general activity 

. than the starved larvae« Such a difference in .the level of 

activity might also be due to a facultative diapause of the 

starved larvae. The extrinsic cause of this diapause appears 

to be the low total volume of food available to the larvae 

while disturbance may also increase the number of larvae 

entering diapause (Burges, 1961). Larvae of the khapra 

beetle, Trogoderma granarium, show minor, differences in this 

respect, for low.temperatures and fecal material in the food 

appear to be the main factors inducing diapause (Burges, 1962).

Table 5

Results of comparison tests showing the reactions of 20 

replete larvae of Trogoderma parabile toward two alcohols. 

Compare reactions with those for same substances- in Table 3 

(page 19).

Mean reaction Number Significant 
reaction at 
- 5% levelAlcohol + standard error of counts

n-Butyl -13.73 ± 0.962 30 yes

n-Dodecyl 0.60 + 0.755 30 no
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Food substances. From a long list of materials,

Trogoderma parabile has been found living on fish meal and 

rolled barley. The khapra beetle, Trogoderma granarium, was 

reported from dry alfalfa hay (Strong, 1959.). Table 6 and 

Plate IX illustrate the results obtained in testing these 

and a few other food substances. Only two, fish meal and dry 

brewer's yeast were found to be significantly attractive. 

Although the yeast was attractive when dry, it became dis

tinctly repellent when moistened to the consistency of thick 

paste. Rolled barley, while not significantly attractive in 

the dry state, also became repellent after being dipped in 

water and drained. These tests show results similar to the 

test comparing humid air with dry air in which the larvae 

were repelled by•the humid air.

Table 6
Results of tests showing.the reactions of 20 larvae of Trogo- 
derma parabile toward certain food substances.

Food Substance
Mean reaction 

d- standard error
Numbe r 
of counts

Significant 
reaction.at 
5% level

Alfalfa 0.53 + 0.958 30 no
Barley, rolled. dry 1,00 + 0.839 ■ 30 no
Barley, rolled. moist O00 + 0.810 30 yes
Fish meal 2.33 + 1.033 30 yes
Meat scraps 1.67 + 0.943 30 no
Brewer's yeast. dry 3.27 + 0.901 30 yes
Brewer's.yeast. moist -2.20 + 0.763 30 yes
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Miscellaneous materials. Many more known host mater

ials and other foods might profitably be tested. Even more 

important should be the testing of various organic compounds 

found in such -materials. Although time did not permit fur

ther investigation'in this direction/ a few miscellaneous 

materials in .this latter category were briefly considered 

as shown in Table 7. For example, Merory (I960) listed two 

substances, diacetyl and acetoin, believed to be the prin

cipal flavoring agents in white bread. These substances 

were tested in the usual manner for.testing liquids and 

found to be strongly repellent. Two other substances, pro

pionic anhydride- and 2 - fur aldehyde were also tested. The 

former substance was strongly repellent while the latter 

proved to be one of the more highly repellent substances in

vestigated.

Table 7
Results of tests showing the reactions of 20 larvae of Trogo-
derma parabile toward miscellaneous materials.

Material .i-
Mean reaction 
standard error

Number 
of counts

Significant 
reaction at 5% level

Moisture
(air at ca,100% R.H. i—1 i—1COo+1oCOI* 30 yes

Acetoin -6.53 + 0.898 30 yes:
Diacetyl -5.80 + 1.442 30 yes
2-Furaldehyde -14.00 ± 0.818 30 yes
Propionic anhydride -5.34 ■+ 0.940 30 yes



THE ROLE OF THE M T E N M E

The olfactory receptors of insects are commonly 

located on.the antennae although they may also be found on 

the maxillary and labial palpi (Dethier, 1953). These sites 

have been discovered through observation on the reactions 

of insects from which .specific appendages or parts have 

been extirpated. Such insects have then been exposed to 

food, water and various odors and their behavior compared 

with that of normal insects. For example, Valentine (1931) 

found that mealworm beetles, Tenebrio molitor, fail to 

respond to odors of food or of the opposite sex if the 

antennae are amputated, but responses to the vapors of 

essential oils persist. Mclndoo (1933) attempted to locate 

the olfactory organs of the blowfly Toy pulling off complete 

antennae or certain segments therefrom. The mutilated flies 

were then tested with,substances to which normal flies had 

been subjected. He concluded.that the antennae of blowflies 

do not bear olfactory organs. Willis and Roth (1954) ,found 

that successive removal of the antennal club segments grad

ually reduced the reactions of both male and female Tribolium

26
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castaneum .toward COg. After removal of all club segments, 

these reactions ceased.

In this study, successful removal of the minute, 

three-segmented antennae from the larvae of Trogoderma 

parabile proved rather difficult, A glass tube was drawn out 

at one end to allow only the head of the full grown larva to 

protrude. Carbon dioxide was allowed to flow in .the other 

end of this tube. The effect of the COg was two-fold, first 

it anesthetized the insect, preventing it from moving its 

head or retracting the antennae and, secondly, the pressure 

of the CO2 moving through the tube held the larva tightly 

,at the. constricted end. This glass tube was then placed 

with the head of the larva up under a dissecting microscope. 

Several methods of removing the antennae were tried including 

a high voltage electrode and a hot needle, but the best re

sults were finally obtained by simply plucking.the antennae 

off with.a pair of fine jeweler's forceps. In .all cases, the 

second and third antennal segments were removed. The first 

antennal segment was mutilated in all cases and completely 

removed in many cases.

These antennaless larvae were given 24 hours to 

recover and then subjected to two substances of known effect. 

The results are shown.in Table 8 .and Plate X. The first
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Table 8

Results of tests showing the reactions of 20 larvae of Trogo- 

derma parabile with .antennae removed. Compare reactions with 

those for same substances in Tables 3 and 6 (pages 19, 24).

Material +
Mean reaction 
standard error

Number 
of counts

Significant 
reaction at 
5% level

n-Butyl alcohol r-10.80 + 0.854 30 yes
Fish meal -0.47 + 0.640 30 no

substance to be used was n-butyl alcohol, known to be a strong 

repellent from previous tests (Table 3). The results of the 

tests using operated larvae did not differ significantly from 

the results of those using normal larvae. For the second 

test, fish meal was used since previous testing with normal 

larvae had shown it to be a distinct attractant (Table 6).

In this test using operated larvae, fish meal had no signifi

cant effect either as an attractant.or repellent.

From.the information gathered in .these preliminary 

tests, it seems probable that certain .olfactory organs con

cerned with food detection are located on the antennae. It 

is also possible that other receptors, perhaps even unspec

ialized epidermal cells, are sensitive to irritating repellents 

such as n-butyl alcohol.
* * *



DISCUSSION M D  CONCLUSIONS

• The life history of the khapra beetle, Trogoderma 

granarium, is better known than any other species in the 

genus; however, apparently no work has been done involving 

specific attractants and repellents. Trogoderma parabile, 

also a serious pest of stored cereal products in somewhat 

colder climates ('Loschiaro, 1960), is even less well known.

A better knowledge of the sensory physiology of both these 

insects should be a great aid in their control. The develop

ment of specific attractants would be of considerable value 

to the detection and eradication: programs. Repellents might 

then be used to insure against reinfestation.•

In this study, the larvae of Trogoderma parabile were 

moderately repelled by low concentrations of COg and strongly 

attracted by high concentrations. Since COg is an anesthetic, 

it may be objected that the air stream containing high con

centrations might> therefore, have trapped the larvae. Such 

anesthetized beetles would have been erroneously counted as 

having been attracted to COg. Several reasons oppose this 

possibility. The insects showed normal activity.throughout

29
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the tests at all concentrations of COg below 100 per cent..

This insect in the larval stage appears to be anesthetized 

more slowly than many other insects and, even in 100 per cent 

COg, a few larvae were observed to remain.active for one or 

two minutes before becoming anesthetized. Furthermore, they 

recover almost immediately upon return to air. In testing 

flour beetles of the genus Tribolium, Willis and Roth (1954) 

reported that these beetles remained active throughout the 

tests in all concentrations of COg including 90 per cent. 

Tribolium was anesthetized by.100 per cent CO^ but remained' 

immobile for several minutes after removal from the gas.

Khapra beetle larvae have been known to survive for 14 days 

in an atmosphere consisting of pure COg. (Lindgren and 

Vincent, 1959)

The larvae of Trogoderma parabile have been observed 

to exhibit defensive actions when attacked by certain pred

ators. This involves raising the abdomen in such a way as 

to threaten the attackers with the prominent tufts of barbed 

hastisetae (Nutting, 1963). It seems highly probable that 

this behavior can be initiated by the defensive secretions of 

various predatory arthropods such as the formic acid dis

charged by attacking formicine ants (Wheeler, 1910). Frequent 

displays' of defensive behavior occurred during exposure to
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the vapors of propionic, butyric and valeric acids, propyl, 

butyl, amyl and hexyl alcohols, and propionic anhydride.

The lethal effect of formic, acid in these tests was undoubt

edly due to the high concentrations reached inside the en

closed arena and may have been responsible for the lack of 

defensive action.

It was not surprising to find that the larvae of 

Trogoderma parabile prefer dry air and reject moist food 

substances. Although this insect is known to occur through

out much of the United States, it is prevalent only in the 

drier areas (Beal, I960)... Further work in this direction 

might profitably be conducted to determine precisely at 

what moisture content certain known host materials are re

jected. The finding in this study that a definite attrac

tion toward certain foods can actually/be demonstrated is 

encouraging. Future studies can now consider the testing of 

various specific organic compounds found in these substances. 

Although such an approach was begun here, the matter of 

molecular concentration of the various compounds should pro

bably be considered as well.

■)£



SIJBtoRY

The reactions of the larvae of Trogoderma parabile 

to COg, selected organic materials and certain food substances 

were tested using a specially modified, venturi-type ol

factometer.

1. The larvae were repelled by concentrations of 2,. 5 

and 5 per cent COg .in air. Concentrations of 10, 20, 30 and 

40 per cent had no significant effect. Concentrations of 50 

to 90 per cent in general were increasingly attractive. The 

effect of C02 as an anesthetic was considered and believed 

not to influence the test results at concentrations below 100 

per cent.

2. Of the normal alcohols tested, propyl, butyl, 

amyl and hexyl were strongly repellent to the larvae. Heptyl 

was moderately repellent. Methyl, ethyl, octyl, nonyl, decyl, 

undecyl and dodecyl appeared to have no effect either as 

attractants or repellents. The organic acids were generally 

repellent to the larvae, fhis repellency decreased as the 

length of the carbon chain increased.

3. Of the food substances tested, only fish meal and 

dry brewer's yeast were found to be attractive. High relative
32
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humidities and moist food substances were repellent,

4, In order to determine the role of the antennae 

in detecting odors, antennaless larvae were tested with 

substances which had been rated with normal larvae. The 

results suggest that the larvae probably use their antennae 

to some extent for locating food materials.
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PLATE I

Figure 1. Photograph, vertical view, showing the 

larvae of Trogoderma parabile in arena during a. test.

Figure 2. Lateral view of olfactometer showing 

insect arena on top of dual funnel arrangement.
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PLATE II

Mean reactions of the larvae of Trogoderma parabile 

to different concentrations of COg in the olfactometer. 

Solid regression line and circles represent insects in CO^ 

stream. Dotted regression line and open circles represent 

insects in air stream.
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PLATE III

Graphic comparison of the reactions of the larvae 

of Trogoderma parabile to different concentrations of COg in 

the olfactometer. The vertical lines represent the ranges 

and the cross lines represent the means while the rectangles 

show + 95 per cent confidence limits.
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PLATE IV

Mean reactions of the larvae of Trogoderma parahile 

to 12 normal alcohols in the olfactometer. Solid lines and 

circles represent insects in the alcohol vapor. Dotted 

lines and open circles represent insects in air stream.
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PLATE V

Graphic comparison of the reactions of,the larvae 

of Trogoderma parabile to 12 normal alcohols in .the olfac

tometer. The vertical lines represent the ranges and the 

cross lines represent the means while the rectangles show 

+ 95 per cent confidence limits.



NU
MB
ER
 

OF.
 .L

AR
VA
E 

RE
SP
ON
DI
NG

NUMBER OF CARBON ATOMS-



PLATE VI

Mean reactions of the larvae of Trogoderma parabile 

to certain normal organic acids in the olfactometer. Solid 

regression line and circles represent insects in the acid 

odor. Dotted regression line and open circles represent 

insects in air stream. The mean values of formic and acetic 

acids were not included when calculating the regression 

lines. (See text, page 20.)
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PLATE VII

Graphic comparison of the reactions of the larvae 

of Trogoderma parabile to five normal organic acids in the 

olfactometer. Zero represents the control test (page 15). 

The vertical lines represent the ranges and the cross lines 

represent the means while the rectangles show + 95 per cent 

confidence limits.
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PLATE VIII

Graphic comparison of the reactions of replete and 

starved larvae of Trogoderma parabile to n-butyl and n- 

dodecyl alcohol in the olfactometer. The vertical lines 

represent the ranges and the cross lines represent the 

means while the rectangles show + 95 per cent confidence 

limits.
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PLATE ‘IX

Graphic comparison .of the reactions of the larvae 

of Trogoderma parabile to moisture and moist and dry food 

substances in the olfactometer. The vertical lines represent 

the ranges and the cross lines represent the means while the 

rectangles show + 95 per cent confidence limits.
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PLATE X

Graphic comparison of the reactions of normal and 

antennaless larvae of Trogoderma parabile to n-butyl 

alcohol and fish meal in the olfactometer. The vertical 

lines represent the ranges and the cross lines represent 

the means while the rectangles show + 95 per cent confidence 

limits.
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