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3.1 Summary

Electroantennographic (EAG) responses from New World screwworm flies

were recorded as dose-response curves to the components of swormlure and to

isobutyric acid, butanol, 1-hexanol, l-oeten-3-ol, 3-propylphenol and 3-

methylindole. Among the swormlure components, good responses were obtained to

valeric acid, phenol, 4-methylphenol and indole. Only weaker responses were

obtained to the butyl alcohols, dimethyldisulphide, acetic, butyric and

benzoic acids. A strong response was obtained to l-octen-3-ol, and the

response to 3-methylindole was greater than that to indole. Responses of male

and female flies were generally similar, except for those to dimethylsulphide

and 4-methylphenol where responses of males were greater than those of

females. These studies indicate that EAG linked to gas chromatography should

be a useful technique for detection of the biologically-active components in

naturally-derived, volatile attractants, and suggest l-octen-3-ol and 3-

methylindole should be tested for behavioural effects on NWS.

3.2 Introduction

Insects are capable of perceiving and responding to a wide range of

olfactory cues, and the New World Screwworm fly, Cochliomyia homxnivorax, is

no exception. A highly attractive blend of synthetic compounds, swormlure-4

(Hackley and Brown, 1984), has been devised which is capable of attracting

large numbers of C. homxnivorax and has a greater degree of specificity than

previously used natural baits, such as liver.

The range of chemicals originally tested as potential components of the

synthetic lure was based on the assumption that the compounds constituted

likely degradation products of animal proteins and fatty acids (Jones et al.,

1976) and were therefore potentially attractive to screwworm flies. From the

original thirty compounds tested ten were successfully incorporated into the

lure.

The present study was designed to look at the ability of C. homxnivorax

to perceive these compounds using electroantennography (EAG) as a prelude to

examining natural attractant sources for new, behaviourally active, compounds

by EAG linked to a gas chromatograph (Cork et al., 1990). The EAG technique

can provide a sensitive and specific method for determining which compounds an

insect can perceive through its antennae. However, it is important to

discriminate between compounds that are EAG-active and those that elicit a

behavioural response. The EAG technique only provides information on the

ability of an insect to perceive a compound and can not predict what

subsequent behavioural actions an insect would undertake after perceiving a

compound or blend of compounds.

3.2 Materials and Methods

Insect Material

C. hominivorax pupae were air-freighted from the US-Mexico Screwworm

Eradication Commission, Tuxtla Gutierrez, Chiapas, Mexico, and maintained at

20 С and 30% RH until emergence. Adults were maintained in mixed sex groups

and provided with a 10% sugar solution.
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Electroantennography (EAG)

GAG recordings were made from intact adults of between two and six days

old. Flies were immobilised with CO
2
 and laid on their dorsal surfaces in a

small depression cut in a block of plasticine, and then secured in place by a

strip of polystyrene and mounting pins in such a way that the antennae

remained visible. The antennae were teased from their resting position and

secured with U shaped copper wires onto the plasticine with the ventral

surfaces exposed. Two glass micro-electrodes were filled with saline (Roelofs

and Comeau, 1971) and mounted on Leitz micro-manipulators. The indifferent

electrode was implanted into the base of one antenna and the recording

electrode brought into contact with the distal surface of the other antenna

(Den Otter et al., 1988; Bursell et al., 1988). Electrical continuity between

the micro-electrodes and a high impedance Grass P16 DC micro-amplifier was

obtained with Ag/AgCl junctions in the glass electrodes. Output from the

amplifier was displayed on a Tektonix type 502A dual-beam oscilloscope and

recorded onto a dual-pen Linseia type 2045 chart recorder.

Stimuli were prepared from 1 fil aliquots of hexane solutions syringed

onto filter papers (1.2 cm diameter circles, Whatman No. 1) and placed in

disposable Pasteur pipettes. Solvent was removed from the filter papers by

passing charcoal filtered nitrogen through the pipettes for 5 sec (500

ml/min). Because of the high volatility of some of the compounds tested, each

filter paper was not used for more than six stimulations before replacement.

Each sample was presented to an EAG preparation in three 1 sec pulses of

charcoal filtered nitrogen (500 ml/min) with 1 min intervals between each

stimulation. Compounds were tested in groups of up to six compounds and

presented in a random order with the lowest concentrations presented first.

Each group was preceded and ended with a standard, 1 /jg of hexan-1-ol, and an

untreated filter paper. Responses to each sample were averaged, subtracted

from the average response to an untreated filter paper and normalised with

respect to the averaged 1 цд hexan-1-ol response. No account was taken of the

relative volatility of each compound.

3.3 Results

EAG responses were recorded from adult male and female С hominivorax to

all the swormlure-4 components at doses of 1, 10,100 and 1000 ng. For

convenience the compounds were grouped according to their terminal functional

group; alcohols, carboxylic acids, indoles and phenols.

No significant differences were found between the EAG responses recorded

from male and female flies to the alcohols, carboxylic acids and indoles and

these results have been combined in Figs. 3.1 to 3.3. EAG activity was found

to increase with dose for each compound, except benzole acid which did not

elicit a significant EAG response, even with a 1000 ng dose.

The only compounds to elicit significant differences in EAG-activity

between male and female flies were dimethyldisulphide and 4-methylphenol

(Figs. 3.4 & 3.5). In each case the males produced a larger response than the

females.

The magnitude of the EAG response elicited by each compound for a given

dose was seen to increase as a function of boiling point. Thus for the

aliphatic carboxylic acids, plotting normalised EAG response for 1 nq doses

against boiling point shows an essentially linear increase in EAG-activity

with boiling point up to valeric acid (Fig. 3.6).

This was taken a stage further with the aliphatic alcohols with alcohols

of up to 14-carbon chain length being tested. This showed (Fig. 3.7) that the

optimum chain length for EAG-activity was probably eight.

In addition to the swormlure components a number of known tsetse fl}

attractants were tested, l-octen-3-ol and 3-n-propylphenol. Both compounds

elicited significant EAG responses from male and female flies, although 3-n-



propylphenol elicited EAG responses which were less than expected on the basis
of boiling point (Figs. 3.4 & 3.5), while l-octen-3-ol e l ic i ted responses
which were in excess of that expected from boiling point (Fig. 3.7) . 3-
Methylindole was also tested along with indole, a component of swormlure-4.
At each dose tested 3-methylindole waa significantly more EAG-active than
indole (Fig. 3.3).

3.4 Discussion

This study has demonstrated that i t is possible to record EAG responses
from male and female C. hominivorax and that, in general, both sexes responded
equally to the components of swormlure-4. However, there were two notable
exceptions, dimethyldisulphide and 4-methylphenol. In each case, these
compounds elicited greater responses from male fl ies than from female fl ies.
The presence of 4-methylphenol and/or dimethyldisulphide in swormlure-2 may
explain the ten-fold increase in sterile and wild male fl ies caught in traps
baited with swormlure-2 compared to traps baited with decomposing liver, while
the trap catch of female f l i e s was only increased by approximately thirty
percent (Coppedge et al., 1977).

In this study, no account was taken of the relative volati l i t ies of the
compounds tested, although these varied over a wide range for example, 2-
butanol has a boiling point of 98°C and 3-methylindole 265°C. This could have
affected the results in two ways. Firstly, significant amounts of the more
volat i le compounds may have been lost from the source prior to or during
application of the stimuli. To counter this, filter paper sources were used
for only six stimulations before replacement. Secondly, for a given source
concentration, the amount of material volati l ised and impacting onto the
antenna would be less for compounds with high boiling point than for compounds
with lower boiling point.

Even with these provisos, the results did suggest that higher source
concentrations of the more volatile compounds such as DMDS and the butanols
are required to produce a given EAG response, and this was illustrated by the
series of aliphatic carboxylic acids tested. If behavioural activity i s
correlated with EAG activity, this would suggest the more volatile components
of a lure should be released at higher rates than the l e s s vo la t i l e
components. This has certainly been the experience with tsetse fly where
acetone e l ic i t s a much weaker EAG response than l-octen-3-ol for example, and
is released from baits in far larger quantities; 100 mg/hr of acetone compared
to 0.5 mg/hr l-octen-3-ol (Hall, 1990).

With the homologous series of aliphatic alcohols tested, maximum EAG
activity was shown by the eight-carbon alcohol. It is worth noting that in a
related study on Calliphora vicina, Kaib (1974) demonstrated the presence of
an olfactory receptor, classified as a "meat-odour" receptor, that responded
to aliphatic alcohols. Tests with four- to nine-carbon alcohols showed that
for a given dose hexan-1-ol elicited the largest response. Such differences
in the response spectra of olfactory receptors of the Calliphoridae may
provide a means of designing lures which are more specific for C. hominivorax.

The present study has demonstrated that EAG should prove to be a
valuable technique for detection of olfactory stimulants for screwworm. Use
of single cell recording could enhance the value of such studies by providing
increased sensitivity and selectivity. It i s recommended that work should now
concentrate on analysis of natural attractants sources such as volatiles from
wounds and rotted liver using gas chromatography (GC) linked to EAG detection
(Cork et al., 1990). This will avoid some of the difficulties mentioned above
in that active components should be present in the natural attractant source
in quantities that are behaviourally active, and the components eluting from
the GC column are presented to the EAG preparation in a fully volatilised
form.
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EAG responses of New World Screw-worm to
a range of alcohols
Three replicates from each of six insects
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Fig. 3.2
EAG responses of New World Screwworm to
a range of carboxylic acids
Three replicates from, each of six insects
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Fig. 3.3
EAG responses of New "World Screw-worm, to
indole and 3—methylindole
Three replicates from. each, of six insects
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Fig. 3.4
EAG responses of female New World Screwworm to
a range of phenols and dimethyldisulphide
Three replicates from, each of three insects
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Fig. 3.5
EAG responses of male New World Scre-vnvorm to
a range of phenols and dixnethyldisulphide
Three replicates from each, of three insects
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Fig. 3.6
EAG responses of Nenv World Scre-wworm. to
lug samples of a range of carboxylic acids
Three replicates from, each of six insects

Valeric acid
a

S3

I5 -
Butyric acid

a
Iso-Butyric add

a
Acetic

•

Beozoic

100 150 200
Boiling point

250 300



н 2-5

Fig. 3.7
EAG responses of female New "World Screw-worm to
a range of alcohols
Three replicates from each of three insects

3.5 -

3

Й L5 h

Octea-3-ol
a

Octanol
a

Octan.-3-ol
•

Hexsuxoi
a Decanol

Q

Butanol
.5 - п Tatradecanol

a

100 150 200 250
Boiling point

300 350


