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Chapter 4

Responses of the housefly
(Musca domestica L.) to odours of 

natural products, single chemicals and
synthetic mixtures

SUMMARY

Several odours were tested in a flight chamber for their attractiveness to young
and mature houseflies (Musca domestica L.), well-fed or deprived of food
during 24 hours. No positive anemotaxis was observed in the absence of an
odour. The attractiveness of the odour sources appeared to depend more on
the state of ‘hunger’ than on the age of the flies: no significant differences were
found between young and mature houseflies. However, food-deprived flies
were more active than well-fed flies, the average numbers of landings in
response to an odour were higher, and more odour sources appeared to be
attractive when the flies had been deprived of food during one day.

The odour of tainted meat (chicken and pork) and chicken manure, products
that may serve as protein sources and oviposition media for houseflies,
attracted both well-fed and food-deprived females, either young and mature.
Also fly food (a mixture of skim milk powder, sugar and yeast) and bread
soaked in water or milk attracted all groups of flies tested. Yeast-containing
odour sources (bread and marmite) and fruits, suitable energy resources, were
only occasionally visited by food-deprived flies. Young flies were also attracted
to foul eggs of houseflies.

Single synthetic chemicals hardly induced a response. Of three synthetic
mixtures mimicking manure, meat, and bread (natural products that appeared
to be attractive to houseflies), the manure-mimic turned out to be the only
attractant. However, it was less effective than natural chicken manure.

Interestingly, the odour of lemon, and probably also that of the lemon
component R-limonene, is repellent to houseflies.

It was also shown that an attractive ambient odour may affect the
attractiveness of an odour to houseflies. When the air of a flight chamber was
loaded with the odour of chicken manure to mimic a poultry farm, male
houseflies, both well-fed and deprived of food during 24 hours, and well-fed
females were not attracted to odours of natural products which were known to
be attractive in clean air. With odour of chicken manure as background odour
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food-deprived females were only attracted to the odour of tainted chicken
meat. Volatile compounds of tainted chicken meat, which are not present in
chicken manure and in the other two types of meat which were tested (pork
and beef), may have been responsible for this attractiveness and are therefore
candidate volatiles to use in odour-baited traps in poultry farms.

INTRODUCTION

Although traps provided with fluorescent lamps seemed to be promising
devices for indoor control of houseflies (Musca domestica L.) (Lillie and
Goddard, 1987), the results described in the previous two chapters clearly
indicate that light traps alone do not suffice. Especially ambient illumination
decreases the efficiency of these traps. In addition it was found that flies
younger than 3 days are hardly or not attracted to a light source. A means to
improve the attractiveness of traps may be to load them with attractive odours.
Natural substances which may serve as oviposition substrates and/or food
sources were shown to be attractants for houseflies, especially putrefying and
fermenting substrates emanating amines, aldehydes, ketones and alcohols,
and dairy products and sugar-containing substances (e.g., Awati and
Swaminath, 1920; Brown et al., 1961; Künast and Günzrodt, 1981; Skoda and
Thomas, 1993: see Cossé and Baker, 1996). However, existing commercially
available odour baits show variable and often contradictory results (Browne,
1990).

In this chapter behavioural experiments are described in which several
natural products were tested for their attractiveness to female and male
houseflies, either young or mature, well-fed or food-deprived. Most of these
products are related to food sources, oviposition media or conspecifics of
houseflies and some were already shown to be attractive to houseflies or other
dipteran species by other researchers (e.g., Hewitt, 1910; Morrill, 1914;
Richardson, 1917; Awati and Swaminath, 1920; West, 1951; Brown et al.,
1961; Frishman and Matthyse, 1966; Larsen et al., 1966; Carlson et al., 1971;
Mulla et al., 1977; Künast and Günzrodt, 1981; Pickens and Miller, 1987;
Pickens et al., 1994; Cossé and Baker, 1996; Mackie et al., 1998). We also
tested some single chemicals of which is known that they attract Diptera (e.g.,
Richardson, 1917; Brown et al., 1961; Frishman and Matthyse, 1966; Mulla et
al., 1977; Vale, 1980) or elicit electrophysiological activity in housefly antennae
(Kelling and Den Otter, 1998; Kelling, 2001).

At places where houseflies are usually found, like houses, restaurants, food
factories, piggeries, poultry farms and cowhouses, the flies are confronted with
several visual and olfactory attractants (Hansens, 1963; Lillie and Goddard,
1987; Kettle, 1995). These attractants may negatively influence the
effectiveness of visual or olfactory stimuli added to a fly trap. The air in stables,
for example, contains volatiles originating from manure which are known to
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attract houseflies (Hewitt, 1910; West, 1951; Larsen et al., 1966; O’Neil and
Philips, 1992; Cossé and Baker, 1996). These ‘background’ odours may thus
decrease or even neutralize the attractiveness of the odours in the trap.
Therefore, the effectiveness of attractive odours should also be determined in
the presence of other volatiles.

Electrophysiological research showed that the olfactory system of houseflies
still responds to odours of single synthetic substances (1-octen-3-ol, 2-
pentanone, and R-limonene) while at the same time odour of chicken manure
or 1-octen-3-ol is led over the antenna of a fly to mimic a ‘background’ odour
(Kelling, 2001). However, it still has to be determined whether the flies will be
attracted to an olfactory bait in an environment loaded with attractive volatiles.
Therefore, in the present chapter natural odour sources which had been
shown to be attractive to the flies in ‘clean’ ambient air (see ‘Results’ and
Chapter 5), were also tested for their attractiveness in the presence of an
attractive background odour (chicken manure).

MATERIALS AND METHODS

Insects
Musca domestica L. adults of the ‘Pesse strain’ were used in the experiments.
See Chapter 2 for details.

Flight chamber
Experiments were done in the flight chamber described in Chapter 2,
illuminated by a 36 Watt white fluorescent tube (Osram L36W/20 coolwhite),
30 cm above the chamber. The experiments took place from 9 a.m. to 5 p.m.
at 24°C. The R.H. varied between 50 and 90%.

Initially, air flowing at 0.7-1.0 m/s was sucked through two bottle traps
(Knols et al., 1994), each with an entrance of 1 cm diameter, which were
placed in transparent plastic cylinders (i.d. 8.1 cm; 11 cm apart, 25 cm from
the bottom of the flight chamber) at the upwind side of the chamber. The
cylinders protruded through a plastic plate which was covered with white
cardboard (60 cm wide, 60 cm high). In one of the traps an odour source was
placed. A gauze screen was placed halfway the chamber to reduce the
distance between the flies and the cylinders to approximately 100 cm.
Although the flies seemed to be attracted to several of the odour sources
tested, the numbers of flies entering the bottle traps were very low. Therefore,
the bottle traps were replaced by glass tubes (i.d. 3.5 cm) sealed at both ends
with plastic gauze to prevent flies from contacting the odour source which was
placed in one of the tubes. At the upwind end the cylinders had been closed
with a perspex plate. The glass tubes protruded through a hole in these plates.
The disadvantage of this new approach was that flies landing in a cylinder
were able to leave and revisit it.
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To get an idea of the odour plume, the movement of the air through the
tubes into the flight chamber was visualized with exhaled smoke from a cigar.
The airstreams appeared to be turbulent after passing the glass tubes. The
two airstreams mixed with each other and reached the side-walls of the flight
chamber a few centimetres before they reached the gauze screen.

Survey for candidate baits
The odours of several ‘natural’ products, individual synthetic substances and
mixtures of chemicals were tested in the flight chamber to determine the
possibility to use odours in general and these odours in particular as an
attractant to houseflies, preferably inclusive of the immature ones. 

Experimental procedures
Thirty minutes before the beginning of a series of experiments, 50 - 300 flies,
males and females of one and the same age, were introduced into the flight
chamber. The flies were <1 to 10-days old and either deprived of food for 24
hours (‘food-deprived’) or offered food until introduction into the flight chamber
(‘well-fed’). First, an experiment was done during which empty tubes were
present in the cylinders or with both tubes containing a small black plastic
bottle cap (i.d. 2.3 cm, 1.0 cm deep) filled with a solvent (see below). In
subsequent experiments an odour source was placed in one of the tubes
(‘odour-loaded tube’). When the odour source was a ‘natural’ product, the
other (‘control’) tube was empty. When the odour source was a solution of a
synthetic substance, the control tube contained a bottle cap filled with an equal
amount of the solvent only. Several odour sources were tested on one day in
subsequent experiments with one and the same group of flies. Between
experiments clean air was led through the flight chamber during 30 minutes.
To avoid effects such as ‘learning’ or habituation, every odour source was
tested only once for each group of flies. To rule out positional effects, an odour
source was presented alternately in the left and in the right cylinder at
subsequent days in experiments with different groups of flies.

During an experiment the number of landings in each cylinder was recorded
during 20 minutes (in experiments with natural products or synthetic single
chemicals) or 30 minutes (in experiments with mixtures of chemicals), using
the computer programme 'The Observer' (version 3.0, Noldus Information
Technology b.v., Wageningen, the Netherlands). If possible, the sex of the flies
landing in the cylinders was noted.

Odour sources
Odours of 25 ‘natural’ products, related to food sources, oviposition media or
conspecifics of houseflies, were tested for their attractiveness. In these
experiments a tube was loaded with cow manure or chicken manure (one
fourth of the tube filled with these substances), a 2 cm thick piece of apple,
banana or mango, a 1 cm thick slice of lemon, one part of an orange, 50 g
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tainted chicken meat or tainted pork, 4 teaspoons dry fish powder, moist fish
powder, honey, syrup, fly food, marmite or moist yeast, 5 ml cow urine, beer or
milk, one fourth of a slice of whole-wheat bread, one fourth of a slice of whole-
wheat bread soaked in 5 ml water or milk, approximately 130 dead houseflies
which had or had not made contact with fly food, or approximately 100 foul
housefly eggs.

In addition, some synthetic substances were tested which had been shown
to evoke electrophysiological activity in housefly antennae (F.J. Kelling, pers.
comm.; Kelling and Den Otter, 1998): muscalure, 6-methyl-5-hepten-2-one, 1-
octen-3-ol, indole, skatole, 3-methylphenol, 2-pentanone, amylacetate, acetic
acid, and R-limonene. All synthetic chemicals were dissolved in silicon oil (0.1
mg in 25 µl) with the exception of acetic acid which was dissolved in water. Of
each solution 250 µl was pipetted into a bottle cap which was placed in one of
the tubes. The ‘control tube’ contained a cap filled with 250 µl of the solvents
silicon oil or water. In both caps a double folded piece of filter paper (3 cm
long, 1.5 cm wide) projected above the solution to increase the evaporation of
the chemical.

Finally, three mixtures of chemicals were tested. These chemicals (see
Table 1) have been identified in chicken, pig, and swine manure, in bread, and
in beef and pork meat, respectively (Burnett, 1969; Mottram et al., 1982;
Yasuhara et al., 1984; Mottram, 1985; Mottram, 1991; Grosch and Schieberle,
1991; Cossé and Baker, 1996; Seitz et al., 1998). Since the ratios in which
these substances occur in natural mixtures are unknown, the substances were
mixed in equivoluminar proportions. Of each mixture 125 µl was pipetted into a
cap. The ‘control tube’ contained a cap filled with 125 µl water. To remove the
penetrating smell of the synthetic mixtures, clean air was led through the flight
chamber for 2 hours between the experiments. When a synthetic mixture
appeared to be attractive it was also tested against the natural product which
this mixture was mimicking.

Statistics
The results of the experiments with flies of <1- to 2-days old and with those of
3- to 10-days old were analysed separately because of differences in
phototactic response of these groups: houseflies up to 2 days after emergence
were hardly attracted to a light source, in contrast to older flies (Chapter 2).
Because this change in phototactic response at the age of three days
coincides with the moment the flies become sexually mature (West, 1951;
Dillwith et al., 1983; Blomquist et al., 1984), the flies <1- to 2-days old will be
referred to as ‘young’ and the 3- to 10-days old flies as ‘mature’.

For each odour the total number of landings in the control and in the odour-
loaded cylinder in all experiments with flies of the same age group and same
state of ‘hunger’ were compared using the Fisher’s exact test of independence
(2-tailed) to analyse whether the distribution of total number of landings was
significantly different from a 1:1 distribution, which may be expected when the
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flies do not distinguish between the odour source and clean air. A P-value less
than 0.05 was assumed to indicate attractiveness of the odour source causing
the highest number of landings. This test was also used to analyse the
numbers of males and females that had landed in the odour-loaded cylinder.

As a measure of attractiveness of a natural complex odour source the
quotient of the total number of landings in the cylinders and the total number of
flies in the chamber was taken (see Baker and Cardé, 1984) and averaged
over all the experiments with the same odour source and flies from the same
age group and state of ‘hunger’. These quotients give an indication of the
attractiveness of an odour compared to the other ones tested, although these
may have been tested with other groups and numbers of flies. A Generalized
Linear Model (GLM) was used to investigate the effect of age, state of
‘hunger’, and the type of odour source. Two-sided t-probabilities were
calculated to test pairwise differences of means. Effects were considered to be
significant at P<0.05 (Oude Voshaar, 1994; Sokal and Rohlf, 1998).

Table 1. Chemicals present in the synthetic mixtures of ‘manure’, ‘bread’, and
‘meat’.

MANURE BREAD MEAT
acetic acid 2,3-butanedione 2,3-butanedione
benzene ethanol 1,1-diethoxyethane benzaldehyde
butanoic acid dimethylsulfide dimethylsulfide
dimethyldisulfide dimethyldisulfide dimethyldisulfide
4-ethylphenol ethanal (acetaldehyde) methanethiol
3-hydroxy-2-butanone ethanol methional
indole 3-methylbutanal 1-octen-3-ol
3-methylbutanoic acid 3-methylbutanol
3-methylphenol 2-methylpropanal
4-methylphenol 2-methylpropanol
pentanoic acid phenylacetaldehyde 1
phenol 1-propanol
phenylacetic acid
3-phenylpropanoic acid
propanoic acid
skatole

1 in solution with diethylphtalate
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Effect of an attractive ambient odour
In contrast to the experiments that have been described in the previous
section, flies are never found in an environment without ambient odours; they
are usually confronted with several olfactory attractants. It has to be
determined whether an olfactory bait will attract flies in an environment loaded
with other attractive volatiles. Therefore, we tested several ‘natural’ products
for their attractiveness in the presence of an attractive background odour. As
an example we used the odour of chicken manure to create the ambient
odour, mimicking poultry farms in which houseflies can be found in high
numbers.

Experimental procedures
The experiments were performed in the flight chamber illuminated by a white
fluorescent tube. They were done from 9 a.m. to 5 p.m. at 24°C. The R.H.
varied between 60 and 75%.

The odours of ripe banana, ripe mango, tainted chicken meat, tainted pork,
tainted beef, marmite, fly food, moist yeast, whole-wheat bread, and whole-
wheat bread soaked in water, milk, beer, or vinegar were tested in the
presence of chicken manure as ‘background’ odour. To create this background
odour, chicken manure was put in each of the glass tubes in the two cylinders
at the upwind end of the flight chamber. Experiments were done with both
tubes empty (clean air), with one empty (clean air) and one loaded with
chicken manure, with both tubes filled with chicken manure, and with one of
the above mentioned substances added to the manure in one of the tubes and
the other tube filled with chicken manure.

In each experiment 50 males or females of one and the same age (3-10
days old), well-fed or deprived of food during 24 hours prior to the
experiments, were introduced into the chamber. After 30-45 minutes of
acclimatisation, a number of experiments of 10 minutes each were done with
the same group of flies. The experiments were alternated with periods of 10
minutes during which clean air was led through the flight chamber. At the end
of these ‘cleaning’ periods the smell of manure was still perceptible by the
human nose.

Statistics
The number of landings in both cylinders made during an experiment was
noted, using the computer programme 'The Observer' (version 3.0, Noldus
Information Technology b.v., Wageningen, the Netherlands). Of each type of
experiment the total number of landings in the cylinders was subjected to the
2-tailed Fisher’s exact test of independence to analyse whether the distribution
of total number of landings was significantly different from a 1:1 distribution
which may be expected when the flies do not distinguish between the two
cylinders. A P-value less than 0.05 was assumed to indicate attractiveness of
the odour source causing the highest number of landings.
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RESULTS

General
When neither of the tubes was loaded with an odour source the flies were not
active or walked and flew around in any direction. Hardly any fly landed in a
cylinder.

Natural complex odours
In general, the locomotor activity of the flies increased as soon as an attractive
odour source was placed in one of the cylinders. When the odour of lemon
was tested, the flies became also more active, but instead of being attracted to
this odour source the flies moved downwind. Obviously, lemon odour is
repellent to houseflies.

Analysis (GLM) of the quotient of the total number of landings during an
observation in both cylinders and the total number of flies in the chamber
showed an effect of the state of ‘hunger’ and the type of odour source and
interactions between age and odour source, ‘hunger’ and odour source , age
and ‘hunger’, and age, ‘hunger’ and odour source. Food-deprived flies landed
more frequently in both the control and odour-loaded cylinders than well-fed
flies did. The number of landings of young and mature flies did not differ
significantly. The number of landings of well-fed flies was significantly higher
when one of the tubes contained chicken manure, tainted chicken meat,
tainted pork, fly food, bread soaked in water and bread soaked in milk than
when both tubes were empty. Food-deprived flies were attracted to these
same substances and, in addition, to apple, banana, mango, marmite and
bread. Table 2 shows the total number of landings in the two cylinders of
young and mature, well-fed and food-deprived flies when attractive natural
complex odours were tested. All other substances did not appear to be
attractive. The Fisher’s exact test showed that foul eggs of houseflies and
moist yeast attracted only young flies.

Chicken manure, tainted chicken meat and tainted pig meat seemed to be
especially attractive to females; about 70 to 85 percent of the flies that could
be identified after landing in the cylinders with a tube loaded with these
substances were females. About equal numbers of males and females landed
in the cylinders with the other attractants. The attractiveness of some odours
to males and females is examined in more detail in Chapter 5.
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Table 2. Total numbers of landings of houseflies of the four different groups in
the cylinder through which clean air was flowing (control) and in the odour-
loaded (odour) cylinder during 20-minutes experiments with natural odour
sources (mentioned in the first column). Asterisks indicate significant
differences (Fisher’s exact test, 2-tailed, P<0.05). Total: total numbers of flies
tested with each odour source. Chick. manure: chicken manure.

WELL-FED FOOD-DEPRIVED
odour source control odour total control odour total

                          YOUNG FLIES
clean air 0 1 ns 830 7 7 ns 502
apple 0 1 ns 200 2 15 * 207
banana 1 11 ns 370 6 38 * 185
mango 7 15 ns 370 6 66 * 185
chick. manure 0 66 * 275 4 107 * 317
tainted chicken 8 59 * 370 2 69 * 185
tainted pork 5 160 * 370 2 88 * 185
fly food 1 40 * 370 5 42 * 185
marmite 0 9 * 200 10 57 * 295
bread 1 7 ns 175 4 44 * 207
bread + water 0 34 * 370 3 116 * 185
bread + milk 5 62 * 370 3 34 * 207

                         MATURE FLIES
clean air 7 10 ns 1221 13 20 ns 899
apple 1 14 * 258 7 112 * 352
banana 4 13 ns 343 3 18 * 262
mango 6 11 ns 343 4 38 * 262
chick. manure 25 201 * 681 14 74 * 329
tainted chicken 6 120 * 356 11 93 * 329
tainted pork 4 113 * 266 7 101 * 262
fly food 3 42 * 378 1 19 * 225
marmite 1 10 ns 237 2 76 * 285
bread 0 9 * 213 5 66 * 315
bread + water 7 53 * 383 5 76 * 262
bread + milk 7 63 * 356 10 132 * 504
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Individual synthetic odours
The experiments with individual synthetic odours were only done with mature
flies. Again, food-deprived flies landed more frequently in the cylinders than
well-fed flies. However, the responses to individual chemicals were lower than
to the natural complex odours; the total number of landings ranged from 1 to
25 for well-fed flies (n= 85-349) and from 2 to 41 for food-deprived flies (n =
91-160). When in the last experiment of the day the odour of chicken manure
was offered to the same group of flies, the flies became more active and much
more flies were attracted to this natural, complex odour than during all
preceding observations when individual chemicals were tested.

Well-fed flies landed significantly more in the control cylinder when the tube
in the other cylinder contained a cap with R-limonene (15 and 2 landings,
respectively, n = 190). Although the numbers are low, this may indicate that
this monoterpenoid, which is a component of lemon, is repellent to houseflies.
Food-deprived flies were attracted to the odour of 1-octen-3-ol; they landed
significantly more frequently in the cylinder with the odour of 1-octen-3-ol than
in the control cylinder (33 and 8 landings, respectively, n = 91). The other
chemicals tested did not show any attractiveness or repellency, although it
was observed that acetic acid, 6-methyl-5-hepten-2-one and amylacetate
increased the locomotor activity of the flies.

Synthetic mixtures
The experiments with the synthetic mixtures were done with groups of 50
young flies, mature females or males, well-fed or food-deprived. When the
three synthetic mixtures were tested against water, the total numbers of
landings in the odour-loaded and control cylinder were only significantly
different for well-fed mature females in response to synthetic ‘manure’ (27 and
7 landings, respectively, n = 100). However, Figure 1 shows that natural
chicken manure was significantly more attractive to mature female flies, either
well-fed or food-deprived, than synthetic manure.

Effect of an attractive ambient odour
In the experiments to determine the effect of an attractive background odour,
chicken manure was significantly attractive to females only when tested
against clean air (30 and 0 landings, respectively, for n = 200 well-fed females;
10 and 0 landings, respectively, for n = 50 food-deprived females). Adding an
additional odour source to chicken manure did not increase the numbers of
landings of males and females, with the exception of the combination of
chicken manure with tainted chicken meat which attracted significantly more
food-deprived females than chicken manure alone (26 and 4 landings,
respectively, n = 50).
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Figure 1.  Total numbers of landings of mature female houseflies (n = 200),
well-fed and food-deprived, during 2-choice experiments with synthetic and
natural chicken manure in the flight chamber. Asterisks indicate a significant
difference in attractiveness between the two odour sources (Fisher’s exact
test, 2-tailed, P<0.05).

DISCUSSION

General
Electrophysiological studies showed that antennal olfactory cells of newly
emerged houseflies (<1 day old) respond to odours. The responses of the
cells of these flies do not differ from those of mature flies. In addition, males
and females appeared to be equally sensitive to odours (Kelling and Den
Otter, 1998; Smallegange et al., 1999; Kelling, 2001). Our behavioural studies
have revealed that young as well as mature flies not only perceive odours but
may also be attracted to them.

Hardly any fly landed in a cylinder when neither of the tubes was loaded
with an odour source. If a fly landed in the control cylinder when an odour was
tested, it left the cylinder quickly after entering it. It was observed that flies
were more active in the presence of the odours which appeared to be the most
attractive ones and spent more time in the odour-loaded cylinder than when
less attractive odour sources were tested. Upwind flight was only observed
when an odorous airflow was present. This indicates that houseflies, like other
flying insects (e.g. Torr and Mangwiro, 1996; Morris et al., 1997; Schofield et
al., 1997), locate distant odour sources by odour-induced anemotaxis. Visual
cues may provide the necessary stimulus for landing (Young and Silverstein,
1975; Dethier, 1976).
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The physiological state (for example age, reproductive development, and
protein deficiency) of insects appeared to affect the flies’ responses
considerably in olfactometer studies (e.g. Pospíšil, 1958; McIndoo, 1926: see
Frishman and Matthyse, 1966; Baker and Cardé, 1984; Mitchell and Soucie,
1993; Ashwort and Wall, 1994; Nakagawa et al., 1994; Wall and Warnes,
1994). Hence, many discrepancies in literature can be explained partly by
differences in the physiological state of the flies (Frishman and Matthyse,
1966). In our experiments no significant differences were found between
young and mature houseflies. However, food-deprived flies were more active
than well-fed flies, their average number of landings in response to an odour
were higher, and more odour sources appeared to be attractive to them than
to well-fed flies. This agrees with earlier findings (Green, 1964; Bursell, 1990;
Schofield and Brady, 1996) that starved insects generally are more active and
have lower behavioural response thresholds to odours and visual stimuli than
fed ones. From a control point of view it will be an advantage when a bait
attracts houseflies irrespective of their physiological state.

Responses to odour sources
It appeared that the odours of chicken manure, tainted chicken and pig meat,
fly food, and bread soaked in water or milk were attractive to well-fed as well
as to food-deprived flies, both young and mature. It was observed that
especially females were attracted to the odours of the first three products (78-
85%), suggesting that these odours may lead females to sites suitable for
oviposition or to protein sources necessary for the development of eggs
(Saccà, 1964; Goodman et al., 1968: see Chapman et al., 1998). The other
natural products which appeared to be attractive were either also protein-
containing products or sources of metabolic energy. Fruits, for example,
attracted food-deprived flies, whereas well-fed flies were hardly attracted to
them. Houseflies require carbohydrates in order to sustain flight (Busvine,
1980: see Chapman et al., 1998), and as a consequence volatiles indicating
the presence of carbohydrates may attract hungry flies of both sexes
(Chapman et al., 1998).

Frishman and Matthyse (1966) and Larsen et al. (1966) found bovine
manure and urine to be attractive to houseflies, and Kettle (1995) reports that
houseflies may breed in urine and manure-contaminated stable refuse, but do
not breed in pure cow manure. In our study cow urine and cow manure elicited
low responses compared to chicken manure. Honey which is often a
component of commercial baits for houseflies was hardly attractive during our
experiments. Milk alone did not show any attractiveness although it is also
considered to be a good fly bait (Morrill, 1914; Richardson, 1917; Dethier,
1947: see Mulla et al., 1977; Brown et al., 1961; Frishman and Matthyse,
1966); in some countries milk is used as bait, combined with pieces of the
toxic mushroom Fly Agaric (Amanita muscaria) to kill the attracted flies.
Possible explanations of the discrepancies between our results and those that
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are mentioned in literature may be that we may have used a different type of
honey and that we used pasteurized semi-skimmed milk that was not sour.

Rogoff et al. (1964) observed that dead and alive female houseflies were
attractive to males. Our experiments showed no long-range attractiveness of
dead houseflies. Only food-deprived young flies were attracted to dead
houseflies which had been in contact with fly food. However, since they were
also attracted to fly food alone, it is likely that the attractiveness of the dead
flies was solely due to the odour of the food.

Carlson et al. (1971) identified (Z)-9-tricosene as a compound of the sex
pheromone of M. domestica. This compound, also known as muscalure, was
isolated from cuticular waxes and faeces of mature unmated female houseflies
and was found to be attractive to male houseflies in laboratory experiments
and in field trials (Carlson et al., 1971; Van Oosten and Persoons, 1981, 1982,
1983; Chapman et al., 1998, 1999; N. Noorman, 2001). Like Mulla et al. (1977)
and Künast and Günzrodt (1981), we did not find muscalure to be attractive. It
is likely that muscalure is an aggregation pheromone for both sexes (N.
Noorman, pers. comm.) and acts as a short-range and weak attractant for
males (Fletcher and Bellas, 1988).

Although antennal cells of houseflies respond to the odour of 6-methyl-5-
hepten-2-one (F.J. Kelling, pers. comm.), which is a human sweat component
(Meijerink et al., 2000), only an increase in locomotor activity of the flies was
observed in our study when this substance was tested. Antennal cells of the
housefly could also be activated by the compounds 1-octen-3-ol and 3-
methylphenol (Kelling, 2001), substances which are present in cattle breath
and cattle urine, respectively, and which are known to attract certain Glossina
species (tsetse flies) (Vale and Hall, 1985; Bursell et al., 1988; Vale et al.,
1988; Paynter and Brady, 1993; Torr and Mangwiro, 1996). Octenol also
elicited electrophysiological and behavioural responses in the stable fly,
Stomoxys calcitrans (Holloway and Phelps, 1991; Schofield et al., 1995;
Schofield et al., 1997). Although houseflies are frequent visitors of stables,
only food-deprived flies were attracted to octenol during our experiments.
Acetic acid, indole, and skatole are three of the most important odorous
components of the air in livestock houses (O’Neil and Philips, 1992). However,
these compounds did not attract females in our studies. Relatively high
electrophysiological responses of olfactory cells in the maxillary palps of M.
domestica were found to 2-pentanone and 3-methylphenol (Kelling and Den
Otter, 1997; Kelling, 2001). Probably, these olfactory cells become active at
short distance of an odour source. This could explain why these two volatiles
did not evoke behavioural responses in the flight chamber. Besides, it is
known that chemicals may be more attractive in mixtures than when applied
individually (Brown et al., 1961; Mulla et al., 1977; Künast and Günzrodt, 1981;
Cossé and Baker, 1996).
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Effect of an attractive ambient odour
Whereas electrophysiological experiments have shown that ambient chicken
manure has no effect on the sensitivity of the antennal olfactory system of
houseflies to other odour stimuli (Kelling, 2001; Kelling et al., 2002), the
present results show that background odours may affect the behavioural
responses of houseflies to several attractive odours. However, we also found
indications that certain substances still attract flies in an environment
containing ambient odours. This may indicate that different olfactory
attractants have to be used in environments loaded with different ambient
odours. In other words, the composition of attractive odour blends has to be
adapted to the olfactory environment.

Practical application
As already stated above, for control purposes baits are preferred that attract
young as well as mature houseflies and both food-deprived and well-fed
houseflies. Of the natural products tested, chicken manure, tainted chicken
meat, and tainted pig meat appeared to be good candidates, although the
numbers of flies attracted were still too low to reduce fly populations to
acceptable levels (Table 2). These substances are especially attractive to
females, which may offer an additional advantage. If females can be lured into
a trap before they have laid eggs this may slow down the population growth
enormously (Chapman et al., 1998). However, it is obvious that these products
will not be very popular to users because of the difficulties to store and
transport them and because of their unpleasant smell (Pickens and Miller,
1987). Besides their attractiveness has to be increased. When the active
components of these products have been identified (see Struble and Arn,
1984; Cork et al., 1990; Smallegange et al., 1999) experiments can be done
with different doses and blends of these components. Low doses of volatiles
may be attractive, whereas high doses may be repellent (Hoskins and Craig,
1934; Vale and Hall, 1985; Paynter and Brady, 1993). Our experiments
showed that synthetic odours induce hardly any response when tested
individually. Cossé and Baker (1996) also found that individual volatile
components of pig manure did not attract female houseflies in a windtunnel.
However, the combination of three or seven of these components elicited as
many upwind flights of female flies as natural pig manure, although the
number of landings on the mixture was lower (Cossé and Baker, 1996). Our
results and those of Cossé and Baker (1996) indicate that mixtures of
chemicals should be tested for their attractiveness. The manure-mimic
described in this chapter proved to be a candidate to start with. This synthetic
mixture did attract well-fed mature females, although natural chicken manure
was more attractive when presented simultaneously. This indicates that for
maximum attractiveness the composition of the mixture and/or the ratio and
concentrations of the components have still to be adjusted. When the optimum



Chapter 4 Chapter 495

mixture has been determined in the laboratory, field tests have to reveal its
effectiveness in environments where attractive odours are already present.

Our experiments showed that foul eggs of houseflies and moist yeast attract
young, immature flies. Therefore, these products may also be worthwhile to be
tested in the ‘field’.

Infestation may also be prevented by repelling flies. We found that the odour
of lemon and probably also of R-limonene has a repelling effect on houseflies.
It is known that essential oil extracted from lemon leaves is an effective
repellent for sandflies (Rojas and Scorza, 1991) and that peel oils of lemon,
grapefruit, and orange are even toxic to larvae and adults of M. domestica (Su
et al., 1972ab; Su, 1976; Shalaby et al., 1998), which is probably due to the
component limonene (Su and Horvat, 1987). Singh and Upadhyay (1993) also
found that several other monoterpenoids exhibit a strong repellent activity
against houseflies.
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