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Chapter 5

The attractiveness of odours and ultraviolet
light to the housefly (Musca domestica L.)

SUMMARY

Experiments in a flight chamber revealed that mature male and female
houseflies (Musca domestica L.) are attracted to different odour sources.
Soaked bread attracted males, whereas moist yeast and chicken manure were
only attractive to females. Marmite and tainted meat (pork, beef, and chicken)
attracted both sexes. The addition of ultraviolet light decreased the
attractiveness of several of these attractive odours. In general, a combination
of an odour and ultraviolet light in an illuminated environment was less or
equally attractive as an odour alone. In the dark this combination was equally
attractive as ultraviolet light alone. This indicates that phototactic orientation of
houseflies operates better in the dark than in the light, whereas orientation to
odours operates better in the light. It is proposed that light traps should be
used to control houseflies in the dark, whereas odour-baited traps should be
applied in illuminated rooms.
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INTRODUCTION

In previous studies (see Chapters 2 and 3) we found that houseflies (Musca
domestica L.) are attracted to various light sources. Unfortunately, the lamps
did not attract sufficient numbers of flies for efficient control. Flies younger than
3 days old even showed hardly any phototactic response. On the other hand
we showed that several odorous materials are attractive to young and mature
flies, well-fed and food-deprived (Chapter 4). We also found indications that
some substances are more attractive to one sex than to the other. Since for
control of houseflies this may be important information, we decided to examine
the responses of the different sexes to odours in more detail. The results of
these studies are described in the present chapter.

It has been found for various insect species that odorous attractants
increase the attractiveness of visual cues (Vale et al., 1988; Bursell, 1990;
Holloway and Phelps, 1991; Green, 1993; Pickens et al., 1994; Hardie et al.,
1996; Szentesi et al., 1996; Judd and Whitfield, 1997; Wyatt et al., 1997;
Chapman et al., 1999). However, none of these studies involved a
combination of an odour and a light source. It is conceivable that adding an
odorous bait to a light trap may improve the attractiveness of the light source.
An odour may lure the flies from a short distance into a trap after the light has
attracted them from a long distance or, vice versa, visual cues may provide the
necessary stimulus for landing on the trap after the flies have located it from
far away by odour-induced anemotaxis (Young and Silverstein, 1975; Dethier,
1976; Pickens and Thimijan, 1986). Previous studies revealed that the
photoreceptors of houseflies are very sensitive to ultraviolet light (Mazokhin-
Porshniakov, 1960; Goldsmith and Fernandez, 1968; Bellingham and
Anderson, 1993) and that these flies are highly attracted to lamps emitting light
between 300 and 400 nm (Chapter 2; Cameron, 1938; Deay and Taylor, 1962;
Thimijan et al., 1973; Roberts et al., 1992). In this chapter we describe
responses of houseflies to combinations of ultraviolet light with several odours.

MATERIALS AND METHODS

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

Experimental procedures
We examined whether male and female houseflies are attracted to different or
the same odours. In addition, we hoped to increase the attractiveness of an
odour source by combining the odour with ultraviolet light.

Experiments were done from 9 a.m. to 5 p.m. at 24°C. The R.H. varied
between 55 and 80%. The experiments took place in the flight chamber as
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described in Chapters 2 and 4. Odour stimuli were placed in one or both glass
tubes (i.d. 3.5 cm) positioned in the plastic cylinders which were now covered
with black cardboard. At the upwind end the cylinders had been closed with a
perspex plate translucent to ultraviolet light. Behind each cylinder an ultraviolet
lamp (Sylvania CFS 11W BL350, 100 Hz) was placed. Each lamp was covered
with black cardboard except for the side facing a cylinder. This resulted in an
radiance in the ultraviolet area of 9.8 µWatt/cm2 at 50 cm from a lamp. To rule
out positional effects, stimuli were presented alternately in the left and in the
right cylinder. Experiments were done with the ultraviolet lamp behind each
cylinder either burning or switched off.

In each experiment 50 well-fed males or females of the same age (3-10
days old) were introduced into the chamber. Flies younger than 3 days were
not tested because they are hardly attracted to light (see Chapter 2). After 30-
45 minutes of acclimatisation with the white fluorescent tube (Osram L36W/20
coolwhite, 100 Hz) above the flight chamber switched on, experiments of 10
minutes each were done with the same group of flies. Between experiments
clean air was led through the flight chamber during 10-30 minutes.
Experiments were done either in the ‘dark’ (red fluorescent tube switched on;
Philips TL40W/15, 100 Hz) or when the flight chamber was illuminated by the
white tube. During an experiment the numbers of landings in both cylinders
was noted, using the computer programme 'The Observer' (version 3.0,
Noldus Information Technology b.v., Wageningen, The Netherlands).

Odour sources
Three series of experiments were done, as summarized in Table 1. First, to
reveal the influence of ambient illumination, three odour sources which had
been found to be attractive to both young and mature flies, either well-fed or
food-deprived (Chapter 4) were tested in the absence and presence of
ultraviolet light in both an illuminated and a ‘dark’ flight chamber for their ability
to attract well-fed females and well-fed males: chicken manure, whole-wheat
bread soaked in water, and fly food (consisting of a mixture of skim milk
powder, sugar and yeast). This was done in 2-choice experiments against
clean air (series 1, Table 1).

Subsequent to this, the responses of well-fed females and males to twelve
individual odour sources and to the same odours combined with ultraviolet
light in an illuminated flight chamber were studied in 2-choice situations
against clean air (series 2, Table 1). The odour sources were natural products
of which the odours had been found to be attractive in previous experiments
(Chapter 4) and substances reported to be attractive in the literature (Morrill,
1914; Larsen et al., 1966): banana, mango, moist yeast, marmite, tainted pork,
tainted beef, tainted chicken meat, chicken manure, and whole-wheat bread
soaked in water, in milk, in beer, or in vinegar.

In addition, experiments were done to test the influence of ultraviolet light in
a more direct way. Again, whole-wheat bread soaked in water, fly food, and
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chicken manure were used in 2-choice experiments. This time both tubes
contained the same odour source and one of the tubes was illuminated with
ultraviolet light. These experiments were done in an illuminated flight chamber
(series 3, Table 1).

Table 1. Schematic representation of the experiments which were done. See
text for details.

‘dark’ chamber illuminated chamber
series 1 • clean air x odour

• clean air x (odour + UV)
• clean air x odour
• clean air x (odour + UV)

series 2 • clean air x odour
• clean air x (odour + UV)

series 3 • odour     x (odour + UV)

Explanation of Table 1:
x: tested against;
clean air: empty tube;
odour: odour source in tube;
+ UV: ultraviolet lamp burning.

Statistics
The total numbers of landings in the two cylinders 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. This test calculated the probability (P-value) that chance alone
would result in the number of landings in both cylinders. A P-value less than
0.05 was assumed to indicate attractiveness of the stimulus or combination of
stimuli causing the highest number of landings.

The data of the first two series of experiments were also analysed with a
Generalized Linear Model (GLM) to investigate possible relations between the
ratio of the number of landings in the odour-loaded cylinder and the total
number of flies present in the flight chamber and the various factors (sex,
ambient light, type of odour source, presence of ultraviolet light) (see Baker
and Cardé, 1984). 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).
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RESULTS

Effect of ambient light
The responses of well-fed, mature female and male houseflies to three odour
sources (bread soaked in water, fly food, and chicken manure), alone or in
combination with ultraviolet light, in a ‘dark’ and in an illuminated flight
chamber were examined. The results are given in Table 2. Unfortunately, the
flies, especially the males, were hardly active during this series of
experiments. Nevertheless, it was clear that odours alone do not attract flies in
the dark; hardly any activity was noticed during these experiments in contrast
to experiments which were done in the light.

In the dark, females landed significantly more frequently in the odour-loaded
cylinder than in the control cylinder when the odours were combined with
ultraviolet light, but this seemed to be due to the attractiveness of ultraviolet
light alone; ultraviolet light combined with clean air also elicited significantly
more landings than clean air alone. In an illuminated flight chamber chicken
manure alone induced significantly more landings of females than clean air.
However, in combination with ultraviolet light the number of landings on
chicken manure did not differ from the number of landings in the cylinder with
clean air.

GLM analysis showed interaction between illumination, sex and type of
odour source and between illumination, sex and presence of ultraviolet light.
The mean number of landings was higher for females than for males. The
responses to the odours of both females and males appeared to be affected
by the absence or presence of ultraviolet light. The responses of the females
was also affected by the ambient illumination. Overall, the number of landings
was higher in the dark and when the ultraviolet light source was switched on.
However, odours alone induced more landings in the light than in the dark.
When the odours were combined with ultraviolet light more landings were
observed in the dark.

Effect of sex and ultraviolet light
Table 3 shows the number of landings of females and males in the control
cylinder and in the odour-loaded cylinder when twelve odour sources were
tested in an illuminated flight chamber in the absence and presence of
ultraviolet light. The number of landings in a cylinder containing an empty tube
was always low.

As was found in previous experiments (Chapter 4) the odours of fruit
(banana and mango) either with or without ultraviolet light were not attractive
to well-fed flies. Marmite and tainted meat (pork, beef, and chicken) attracted
both sexes. Moist yeast and chicken manure attracted only females, whereas
bread soaked in beer or vinegar appeared to attract only males.
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Table 2. Total numbers of landings of well-fed houseflies in the control cylinder
(clean air) and in the odour-loaded cylinder (odour) without or with ultraviolet
light (+UV) in the dark (D) and in an illuminated (I) flight chamber. Duration of
experiments: 10 minutes. Asterisks indicate significant differences (Fisher’s
exact test, 2-tailed, P<0.05).

chamber odour source clean air odour clean air odour +UV
                                                                          FEMALES

clean air 0 0 0 11 *
bread + water 0 0 0 21 *
fly food 0 0 0 21 *

D
(n = 50)

chicken manure 0 1 1 34 *
clean air 1 0 2 4
bread + water 1 9 2 4
fly food 0 2 1 4

I
(n = 100)

chicken manure 0 14 * 1 3
                                             MALES

clean air 0 0 1 6
bread + water 0 0 0 2
fly food 0 0 1 3

D
(n = 50)

chicken manure 0 0 0 9
clean air 0 1 2 6
bread + water 1 3 0 2
fly food 0 1 1 3

I
(n = 100)

chicken manure 1 8 0 4

Combined with ultraviolet light marmite, tainted meat, and soaked bread lost
their attractiveness to males. On the other hand, moist yeast combined with
ultraviolet light became attractive to males. Tainted pork, tainted chicken meat,
and chicken manure lost their attractivity to females when combined with
ultraviolet light, whereas moist yeast, marmite, and tainted beef combined with
ultraviolet light were still attractive. Ultraviolet light alone was not attractive in
the illuminated flight chamber.

GLM analysis of the quotient of the number of landings in the odour-loaded
cylinder and the total number of flies in the chamber showed interaction
between sex, odour source and the presence of ultraviolet light. No differences
in mean responses between females and males was found. The responses of
the flies were affected by the absence or presence of ultraviolet light; the
attractiveness of several odours decreased considerably when they were
combined with ultraviolet light.
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Table 3. Total numbers of landings of well-fed houseflies in the control cylinder
(clean air) and in the odour-loaded cylinder (odour) without or with ultraviolet
light (+UV) in an illuminated flight chamber. Duration of experiments: 10
minutes. Asterisks indicate significant differences (Fisher’s exact test, 2-tailed,
P<0.05).

odour source clean air odour clean air odour +UV
                                      FEMALES (n = 50)

clean air
(n= 150)

0 3 3 12

banana 2 11 1 8
mango 2 14 2 9
moist yeast 0   19 * 4   19 *
marmite 2   28 * 3   20 *
tainted pork 2   19 * 1 10
tainted beef 0   28 * 3   18 *
tainted chicken 1   41 * 2 7
chicken manure 1   39 * 5 18
bread + water 0 2 1 5
bread + milk 1 1 0 7
bread + beer 0 4 3 2
bread + vinegar 1 2 3 4

                                       MALES (n = 50)
clean air
(n= 150)

3 3 6 18

banana 1 6 1 7
mango 3 12 2 11
moist yeast 1 6 1   13 *
marmite 2   19 * 4 7
tainted pork 1   27 * 2 10
tainted beef 3   26 * 3 7
tainted chicken 1   14 * 9 5
chicken manure 3 11 3 4
bread + water 6 17 6 19
bread + milk 7 19 3 8
bread + beer 7   25 * 5 14
bread + vinegar 0   23 * 5 15
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Effect of ultraviolet light
Figure 1 shows the responses of both females and males when the flies were
offered a choice between an odour and the same odour combined with
ultraviolet light. Females landed significantly more frequently in the cylinder
with chicken manure alone than when chicken manure was combined with
ultraviolet light. No significant differences in the (low) number of landings in the
two cylinders were found between bread and fly food alone compared to bread
and fly food with ultraviolet light, respectively.

Figure 1. Numbers of landings of well-fed female and male houseflies (n = 50)
in odour-loaded cylinders of which one was combined with ultraviolet light
(+UV) in an illuminated flight chamber. UV: ultraviolet light; bread: whole-wheat
bread soaked in water; food: fly food; manure: chicken manure. Asterisks
indicate a significant difference in attractiveness between the two cylinders
(Fisher’s exact test, 2-tailed, P<0.05).

DISCUSSION

Responses to odours
It appeared that in the dark houseflies do not respond to odours. In the light,
marmite and all types of tainted meat tested (pork, beef, chicken) attract both
sexes (well-fed and mature) (Table 3). However, moist yeast and chicken
manure are only attractive to females, whereas bread soaked in beer or
vinegar only attracts males. The reason for the differences in preference
between the sexes for the latter substances is not clear since these
substances are rich in protein and/or sugars which both sexes need for food
and reproduction. Females may search for protein-containing products to feed
on for egg production or to oviposit since these substrates provide excellent
nourishment for the larvae (West, 1951; Pospíšil, 1958; Saccà, 1964). In male
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flies lack of protein causes a strong reduction of sexual activity (Parker, 1968).
An additional advantage of the male preference for protein-rich substances
may be that on these substances they are likely to encounter mates.

Responses to odours combined with ultraviolet light
In an illuminated environment a combination of an odour and an ultraviolet
light source was equally attractive as or less attractive than an odour alone
(Table 3), which may be due to the fact that the attractiveness of a light source
is not very high in the light (Chapter 2). In the dark a combination of odour and
ultraviolet light is as attractive as ultraviolet light alone. Phototactic orientation
of houseflies appears to operate better in the dark than in the light (Chapter 2),
whereas orientation to odours seems to operate better in the light. The reason
that several odours were less attractive in the light when combined with
ultraviolet light may be that this combination may ‘confuse’ the flies. As
suggested in Chapter 2, the attractiveness of ultraviolet light to houseflies may
be explained as an escape response into ‘open space’ (Mazokhin-
Porshnyakov, 1969; Menzel, 1979). This counteracts the effect of attractive
odorous substrates on which the flies have to land for oviposition and feeding.

Practical application
Under illuminated conditions, several odour sources appeared to be good
attractants when not combined with ultraviolet light. Chicken manure and
tainted chicken meat induced a high response in both well-fed mature (Table
3) and well-fed and food-deprived immature (0-2 days old) females (Chapter
4). Both males and females responded to tainted pork and tainted beef. For
this reason chicken manure and the three tainted kinds of meat may be good
baits to be used in traps.

At illuminated places, like restaurants and houses, it may be worthwhile to
test the effectiveness of ultraviolet light combined with marmite or yeast which
was attractive to well-fed mature females (Table 3). The combination of
ultraviolet light with yeast has the additional advantage that it also attracts
well-fed mature males. Furthermore, yeast on itself appeared to lure well-fed
and food-deprived young houseflies (Chapter 4). Because young flies showed
hardly any phototactic response (Chapter 2) it is possible that they ‘ignore’ the
ultraviolet light, whereas they are attracted by the odour of the yeast. Another
important advantage is that marmite and yeast do not have an unpleasant
smell to humans.

At places which are not illuminated, chicken manure odour combined with
ultraviolet light may be an effective attractant for mature female houseflies
when used during daytime; the number of landings of females in response to
chicken manure combined with ultraviolet light in the dark was three times
higher than in response to ultraviolet light alone (34 and 11, respectively;
Table 2). However, to be sure that this effect is not only due to the ultraviolet
light this experiment should be repeated with higher numbers of flies. Two-
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choice experiments in which a combination of chicken manure and ultraviolet
light is tested directly against the two stimuli alone should be done in the dark
to get an unambiguous answer.




