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Abstract

Four designs of trap, all made from identical material, were compared at
Galana Ranch, south-eastern Kenya, as sampling devices for Glossina pallidipes
Austen and G. longipennis Corti. The NG2G and Epsilon traps caught more
than twice as many female G. pallidipes as the biconical trap, and the F3 was in-
termediate. A similar pattern was observed for males, although the differences
were smaller, and not significant. The NG2G, Epsilon and F3 traps all caught
approximately twice as many male and female G. longipennis as the biconical
trap. Acetone (500 mg/h) significantly increased trap catches of G. pallidipes,
and there was a synergism between acetone and 4-methylphenol (0.8 mg/h).
There was little or no effect with l-octen-3-0l (0.8 mg/h). Acetone, l-octen-3-
01, and 4-methylphenol all increased trap catches of G. longipennis, and there
were no synergisms among them. Cow urine (850 mg/h) increased the catches
of both species in traps baited with acetone and l-octen-3-0l, although not
significantly for G. longipennis. There was no effect with 3-methylphenol
(0.8 mg/h). The addition of 3-propylphenol to traps baited with acetone, 1-
octen-3-0l and 4-methylphenol had no effect on the catches of either species.
For G. pallidipes, a combination of acetone, l-octen-3-0l, 4-methylphenol and 3-
propylphenol was calculated to have a catch index of 6-8 over unbaited traps,
a value lower than that reported for Zimbabwe and Nguroman, Kenya, and
greater than that reported for Somalia. The catches of G. .z°ngipennis were ap-
proximately three times higher on electrified.t~rgets than m F3 traps, although
there was no difference in the catch of G. pallldlpes.

Introduction

Studies in several African countries have demonstrat-
ed that certain odours derived from host animals are
potent olfactory attractants of the tsetse fly, Glossina pal/i-
dipes Austen (Vale, 1974a; Takken, 1984; Vale & Hall
1985a, 1985b; Dransfield et al., 1986; Vale et al., 1988; Torr
et al., 1989). However, where results are directly compar-
able, it appears that the response of G. pal/idipes to such
odours is not always consistent. For example, in Zim-
babwe a combination of acetone, l-octen-3-ol, 4-

methylphenol and 3-propylphenol increased the trap
catches of G. fNlllidipes, compared to traps without odour,
by approximately 20 times (Vale & Hall, 1985a; Vale et
al., 1988); in Somalia the same odours, at similar release
rates, increased trap catches by only 3-4 times (Torr et al.,

1989).In contrast to the situation with G. fNlllidipes, little is
known about the responses of G. longipennis Corti to
odour baits probably because, as a member of the fusca
group, it has previously not been considered an impor-
tant vector of trypanosomiasis. Recently, however, there
has been growing interest in this species (Kyorku et al.,
1990; Brightwell et al., 1991) because it is known to carry
infections of Trypanosoma congolense and T. vivax (Owaga,
1981), and to feed on and be able to spread infection to
cattle U.N. Makumi, unpublished data).
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~our attractants may be used with traps for tsetse
fly control and population monitoring. In recent years in
Kenya, odour-baited traps have been used for such pur-
poses against both G. pal/idipes and G. longipennis
(Dransfield et al., 1990; Opiyo et al., 1990). Some work has
been carried out on the relative performances of several
trap designs against the two species (Brightwell et al.,
1987, 1991; Torr et al., 1989; Kyorku et al., 1990).
However, these comparisons included F3 traps made in
Zimbabwe, and other traps manufactured elsewhere,
with the complication that the traps were made from dif-
ferent materials. This is important because, when com-
paring different trap designs, the variables being
exaInined are shape, size and colour.

These observations prompted studies at Calana
Ranch, south-eastem Kenya, of the responses of G. pal/i-
dipes and G. longipennis to various types of odour bait
and the performance of four trap designs made from
identical materials.

adouT baits

Acetone was dispensed from bottles with a 1.5 cm
diameter aperture (release rate 500 mg/h). l-octen-3-01
(hereafter octenol) was dispensed from 10 m1 bottles
with the lid replaced by a rubber septum (0.8 mg/h), or
from 5 x 5 cm sachets manufactured from 150}1n\ poly-
thene tubing (1.5 mg/h). Mixtures of 4 m1 of 3-
methylphenol, 4-methylphenol, 3-propylphenol and
octenol were also dispensed from 5 x 5 cm sachets
(0.8 mg/h). Cow urine, collected from local Zebu cattle,
was stored at ambient temperature in 5 I plastic jerry
cans until use in experiments. It was dispensed from
beakers with a 10 cm diameter aperture (850 mg/h).

All release rates were estimated by measuring the
weight loss of odour samples, kept outdoors in Galana
Ranch, for seven days.

Materials and methods

Study sites

Galana Ranch is a 6(XX) km2 cattle ranch in south-
eastern Kenya (39-40°E, 3-4OS), bordered to the west by
Tsavo East National Park, and to the south by the Sabaki
River. Four species of tsetse fly occur on the ranch
(Opiyo et al., 1990) although only two are found in large
numbers. G. longipennis inhabits the dryer western and
central regions. Experiments on this species were per-
formed at sites near the edge of the Sabaki river, where it
is most abundant. Experiments on G. pal/idipes were per-
formed at sites in the wetter, eastern part of the ranch.

Experimental design and analysis

All experiments used thrice-replicated 4 x 4, twice-
replicated 6 x 6, or unreplicated 8 x 8 Latin square
designs. Sites were at least 200 m apart, and treatments
were changed after 24 h. Males and females were ana-
lysed separately. Daily catches were subjected to a log
(n+ 1) transformation prior to analysis of variance. Where
the effect of treatment was significant, differences among
means were examined by the T method (Sokal & Rohlf,
1981). In some cases, the experimental design allowed
treatments to be considered to be permutations of three
factors. In these instances, a second ANDV A was used to
detect effects of individual factors and interactions
among them.

For presentation, detransformed mean catches of
treatments were divided by that of the control to give a
'catch index'.

Results

Comparison of trap types
The performances of the biconical, NG2G, Epsilon

and F3 traps were compared for G. pal/idipes and G. longi-
pennis, in separate experiments. All traps were baited
with acetone and a sachet of an 8:4:1 mixture of 4-
methylphenol, octenol and 3-propylphenol. The NG2G
and Epsilon traps caught significantly more female G.
pal/idipes than the biconical trap. The performance of the
F3 trap was intermediate. The same pattern was ob-
served for male G. pal/idipes, although the treatments
were not significantly different (table 1).

There were no differences in the catches of G. longi-
pennis in NG2G, Epsilon and F3 traps although all caught
significantly more males and females than the biconical

trap (table 2).

Traps and targets

For the comparison of different trap designs, three
each of four trap types were manufactured from single
batches of blue and black cotton cloth. The four types
were the biconical (Challier et al., 1977), NG2G (Bright-
well et al., 1991), Epsilon (G.A. Vale, unpublished data)
and F3 (a blue/black version of the F2 (Green & flint,
1986». Biconical and F3 traps were supported internally
on metal frames, and NG2G and Epsilon traps were sup-
ported externally, with metal poles. All traps had cones
of white nylon netting into which a 2 cm metal ring was
sewn. This was the entrance hole to the collecting cage, a
20 x 10 x 7 cm metal frame covered with a polythene bag.
The netting cone and collecting cage were held up by a
metal frame on a centre pole, of the type usually used for

biconical traps.
Imported F3 traps (Bonar Industries, Harare, Zim-

babwe) were used in most experiments to compare
odour baits. In two experiments, F3 traps were compared
with 1 x 1 m electrified black targets (Vale, 1974b),
without flanking nets. Tsetse flies attracted to the black
target were killed or stunned by the electrocuting wires,
and fell into a tray containing sticky polybutene. The
traps and electric targets were operated from 16.00 to
18.00 h daily for G. pa/lidipes, and from 18.00 to 19.15 h
for G. longipennis. This coincided with the peak activity
time of the two species at Galana Ranch.

Comparison of odOUTS

Eight treatments were made from all possible pennu-
tations of acetone, a bottle of octenol and a sachet con-
taining 4-methylphenol. These treatments were
compared for G. pal/idipes and G. longipennis in separate
experiments, using F3 traps.

For both male and female G. pal/idipes, the treatments
of octenol and 4-methylphenol, alone and both together,
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Table 1. The detransfonned mean catches of Glossina pallidipes Table 3. The detransfonned mean catches of Glossina pallidipes
in baited traps of four types. The catch index is relative to that of in traps baited with all combinations of acetone (A), octenol (0)
the biconicaJ trap. and 4-methylphenol (4MP).

Trap Males Females ()dour Males Females

detrans catch F-vaJue detrans catch F-vaJue
mean index (d.t.) mean index (d.t.)

detrans catdt F-value detrans catch F-value
mean index (d.!.) mean index (d.!.)

Biconical
NG2G
Epsilon
F3

16.5
23.2
21.8
18.2

1.09'"
(3.24'

19.6-
43.3-
44.8-
28.3'"

7.21"
",24,

No odour
A
o
4MP
A,O
A,4MP
O,4MP
A,O,4MP

8.4'
22.3'"
12.1"
10.4"
28.5'"
42.6'"
12.0'"
48.8"

14.5."
17,&2)

16.3-
39.3"'
15.8-
21.4*
56.2'"
92.8.
22.4*
99.1.

22.6-"...,1.4
1.3
1.1

2.2
2.3
1.4

2.7
1.4
12
3.4
5.1
1.4
5.8

2.4
1.0
1.3
3.5
5.7
1.4
6.1

Means not followed by the same letter are significantly different
(P <0.05). -P <0.01; --not significant.

Means not followed by the same letter are significantly different
(P <0,05). ...P <0.001.Table 2. The detransformed mean catches of Glossina

longipennis in baited traps of four types. The catch index is
relative to that of the biconical trap.

Trap Males Females
Table 4. The detransfonned mean catches of Glossina
longipennis in traps baited with all combinations of acetone (A),
octenol (0) and 4-methylphenol (4MP).

detrans catch F-value detrans catch F-value
mean index (d.t.) mean index (d.t.) Odour Males Females

Biconical
NG2G
Epsilon
F3

12.1'
25.3b
22.@
21.5'

8.9-
":1"

6.3-
15.~
14.3"
17.6"

15.9-
~)

detrans catch F-value detrans catch F-value
mean index (d.f.) mean index (d.f.)2.1

1.9
1.8

2.4
2.3
2.8 6.2'

12.1J8'
12.7"
9.~

23.4'
26.""
23.9'"
SO.4'

14.3-0""No odour
A
o
4MP
A,O
A,4MP
O,4MP
A,O,4MP

5.2'
12.5'
12.3"
8.4"

27.8'
29.8'
34.4'
52.3'

20.0-
(7,'"2.4

2.4
1.6
5.4
5.7
6.6

10.1

1.9
2.1
1.5
3.8
4.2
3.9
8.1

Means not followed by the same letter are significantly different
(P <0.05), -P <0.001.

Means not followed by the same letter are significantly different
(P <0.05). ...P <0.001.

with log-transformed data) among them, the log-
transformed data from the two experiments were reana-
lysed by ANDV A, with the single 'treatment' effect re-
placed by the three factors 'acetone', 'octenol' and '4-
methylphenol'. This allowed the statistical detection of
main effects (an effect of a factor which occurs in any
combination of other factors) as significant factor terms
in the ANDV A, and the statistical detection of non-
additive effects (either synergisms or interferences) as
significant interaction terms in the ANDV A. For G. palli-
dipes, there were strong main effects of acetone and 4-
methylphenol (table 5). There was no main effect of
octenol, although it approached significance in males.
For males, there was an apparent synergism between
acetone and 4-methylphenol when presented together.
The catch indices were 2.7 for acetone alone, and 1.2 for
4-methylphenol alone, suggesting a combined catch
index of 3.2 if there was no synergism. The observed
combined catch index was 5.1 (table 3). A similar pattern
was observed for females, although the synergism was
not quite significant.

For G. longipennis, there were strong main effects of
acetone, octenol and 4-methylphenol, but no synergism
or interferences (table 5).

did not perform significantly better than the control with
no odour. However, all treatments which included
acetone caught significantly more flies than the control
(table 3).

There was very little effect of octenol, either on its
own, or in combination with acetone and 4-
methylphenol. Considering the addition of oct~nol (0) to
a treatment (for example to acetone (A), to make A,O), in
seven out of eight instances such addition increased the
catch, although not significantly. This suggests that there
is a small, but positive effect of octenol on the catches of
G. pallidipes.

For both male and female G. pallidipes, the highest
catches were obtained with the combination of acetone,
octenol and 4-methylphenol. These catches were
significantly greater than those with acetone alone.

The situation was different with G. longipennis. For
males, acetone and octenol caught significantly more
flies than the control with no odour, and 4-methylphenol
was intermediate (table 4). All combinations of two
odours caught significantly more males than the treat-
ments of acetone, octenol and 4-methylphenol alone. The
highest catch was with acetone, octenol and 4-
methylphenol together, although this was not
significantly greater than catches with combinations of
two odours. The same pattern was evident with female
G. longipennis, although this was less apparent statistic-
ally.

To elucidate more clearly the effects of the individual
odours and possible non-multiplicativity (non-additivity "
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The catches of G. tongipennis in traps baited with 3- higher release rate of octenol had little or no effect on the
methylphenol were only 60% that of the control, al- catch. It thus appears that with respect to attraction to
though this reduction was not significant (table 8). acetone, G. pallidipes at Galana Ranch are similar to those
Three-week-old and three-month-old cow urine in- at Nguruman in Kenya and in Zimbabwe; but with
creased the catches of G. tongipennis, although again this respect to attraction to octenol they are similar to those at
was not significant. Significantly increased catches were Jilaal Moogi in Somalia.
obtained with sachets of 4-methylphenol and a mixture The addition of 3-methylphenol to F3 traps baited
of 4-methylphenol and 3-propylphenol, which approxi- with acetone and octenol, significantly increased the
mately doubled the catches of males, and increased the catch of G. pallidipes in Zimbabwe by 1.6 times (Hall et at.,
catches of females by about 2.5 times. 1990), while at Galana Ranch there was no effect on

catch. The reason for this difference is not clear. The ad-
dition of 3-methylphenol reduced the catch of G. tongi-
pennis, suggesting that it may be a repellent of this
species, although the reduction was not significant.

Vale et al. (1988) reported that in Zimbabwe 4-
methylphenol did not significantly increase the catch of
G. pallidipes in traps baited with acetone and octenol, but
that it reacted synergistically with 3-propylphenol such
that together the catch was increased by 3.5 times. At
Galana Ranch, 4-methylphenol increased the catch of
traps baited with acetone and octenol by about 1.7 times.
However, the addition of 3-propylphenol to 4-
methylphenol did not appear to increase the catch
further. This is of importance in light of the high cost of
3-propylphenol. From the prices given by Vale et at.
(1988), this chemical contributes 90% of the cost of the
odours in an 8:1 sachet of 4-methylphenol and 3-

propylphenol.
Based on the catch indices of the individual compo-

nents, in Zimbabwe an odour combination of the two
phenols, acetone and octenol (P AO mixture) is expected
to increase the catch of G. pallidipes by about 20 times
(Vale & Hall, 1985a; Vale et at., 1988; Torr et at., 1989). At
Nguruman, NG2B traps baited with the P AO mixture
caught 1.5 times more G. pallidipes than traps baited with
acetone and cow urine (Brightwell et at., 1991). Using
catch indices of 3.6 and 3.1 for acetone and cow urine, re-
spectively (Dransfield et at., 1986), this gives an estimated
catch index of about 17 for the P AO mixture over unbait-
ed traps. However, at Jilaal Moogi in Somalia, the PAO
mixture gave a catch index of only 3-4 (Torr et at., 1989).
At Galana Ranch, the phenols increased the catch of G.
pallidipes in traps baited with acetone and octenol by a
factor of 2. Since acetone and octenol combined, in-
creased the catch by a factor of 3-4, this suggests a catch
index of 6-8 for the P AO mixture. This is interesting in
the light of the location of Galana Ranch between Nguru-
man and Somalia (fig. 1).

Studies in Zimbabwe have suggested the existence of
certain synergisms between odours in their effects on the
catch of G. pallidipes. Vale & Hall (1985b) reported a syn-
ergism between octenol and an unidentified component
of ox breath, and Vale et at. (1988) reported a synergism
between 4-methylphenol and 3-propylphenol. These syn-
ergisms are suggested by a comparison of catch indices,
but have not been demonstrated statistically. Using a fac-
torial experimental design, we here demonstrated a sta-
tistically significant synergism between acetone and 4-
methylphenol for male G. pallidipes, and a syner~m that
approached significance for females of the specIes. No
synergisms among these odours were detected for G.
tongipennis, although a synergism between acetone and
cow urine has been reported at Nguruman (Kyorku et at.,

1990).

Discussion

In general, there were only small differences in the
performances of the four trap designs for both G. palli-
dipes and G. longipennis. The greatest catch indices (com-
pared to biconical traps) were 2.3 for G. pallidipes, and 2.8
for G. longipennis. This is similar to the findings in
Somalia for G. pallidipes (Torr et al., 1989), and many of
those reported in Nguruman, Kenya (Brightwell et al.,
1987, 1991), and contrasts with a catch index of ten for the
F2 (a less effective version of the F3: Green & Flint, 1986)
relative to the biconical trap in Zimbabwe (Flint, 1985).

It has been reported in Zimbabwe that F3 traps catch
200-300% more female G. pallidipes than NG2B traps (an
earlier version of the NG2G design) while in Kenya the
catches of F3 and NG2B traps did not differ (Brightwell
et al., 1991). Both experiments used F3 traps and NG2B
traps made from different materials with netting cones of
different colours. At Galana Ranch, with traps made
from identical materials and colours, the NG2G trap
caught 50-60% more female G. pallidipes than the F3
design. Since the NG2G trap is reported to catch 60%
more females than the NG2B (Brightwell et al., 1991), this
result provides strong support for the findings in Kenya
described above. The different findings in Kenya and
Zimbabwe probably reflect differences in fly behaviour
or climate between the two countries. However, they
may also reflect differences in experimental design. In
the experiments in Kenya, traps were run for 24 h
periods while those in Zimbabwe were run for after-
noons only (R.D. Dransfield, pers. comm.). Since the rela-
tive performance of traps may change during the day in
relation to changes in temperature (Brightwell et al.,
1987) it is possible that some of the differences between
results may be attributable to the exclusion of the
morning catch in Zimbabwe. However, such an effect
must at the most be small because in Rekomitjie, Zim-
babwe, the catch of G. pallidipes between 07.00 and
09.00 h is only approximately 10% of the catch between
15.00 and 18.00 h, while at Galana Ranch it is approxi-
mately 75% (personal observation).

The odour responses of G. pallidipes at Galana Ranch
differed in some ways from those observed in Zimbabwe
(Vale & Hall, 1985a, 1985b; Vale et al., 1988), Nguruman
in Kenya (Dransfield et al., 1986), and Jilaal Moogi in
Somalia (Torr et al., 1989). In Zimbabwe, acetone released
at 500 mg/h increased trap catches by 2-3 times, in Ngu-
ruman by 1.5 times, and at Galana Ranch by about 2.5
times. However, in Somalia the catch was not
significantly increased. In Zimbabwe, octenol released at
0.5 mg/h increased the catch significantly by 1.5 times,
and in Nguruman by 1.5 times. In Somalia the catch was
not significantly increased, and at Galana Ranch a slightly
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acetone and cow urine. The control of G. Ion .
should be attempted with targets, baited with r:"1S
octenol and 4-methylphenol, or acetone, octenol and one,
urine. The control or both species should be attem~
with targets baited as described for G. longipennis.
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Fig. 1. The location of Galana Ranch relative to that of
Nguruman, Kenya, and Jilaal Moogi, Somalia. At each locality,
C.I. is the catch index of Glossina pal/idipes for traps baited with
acetone, octenol, 4-methylphenol and 3-propylphenol,

compared to unbaited traps.

The responses of G. longipennis to odours differed in
some ways to those of G. pal/idipes. Notably, octenol was
very attractive to G. longipennis, while, at the same con-
centration, it had little or no effect on the catches of G.
pal/idipes. It is also interesting that at Galana Ranch
acetone alone increased the catch of G. longipennis by ap-
proximately 2 times, while there was no significant effect
of acetone alone on the catch of G. longipennis at Nguru-
man (Kyorku et al., 1990). As with G. pal/idipes, estimates
of the catch index of the PAD mixture for G. longipennis
are lower at Galana Ranch than in Nguruman. At Galana
Ranch, phenols increased the catch of G. longipennis in
traps baited with acetone and octenol by about 2.1 times.
Since acetone and octenol combined gave a catch index
of 3.5-5.5, this suggests a catch index of 7-12 for the PAD
mixture. Using the reasoning given earlier for G. pal/i-
dipes, a catch index of about 20 can be estimated for the
PAD mixture for G.longipennis at N~.

There was no significant difference between the
catches of G. pal/idipes with F3 traps and unflanked
electrified targets when unbaited or baited with acetone
and 4-methylphenol. However, electrified targets caught
approximately 3 times as many G. longipennis as the F3
traps. NG2B traps are known to have a low efficiency
(Vale & Hargrove, 1979) at capturing G. longipennis
(Kyorku et al., 1990), and the significantly greater catches
with targets therefore suggest that target control opera-
tions may be more effective against G. longipennis than
those with traps. A trap control operation at Nguruman,
Kenya, reduced the numbers of G. longipennis by 80-90%
in the dry season, but during the rainy season numbers
returned to the level found outside the control area
(Dransfield et al., 1990). Interestingly, a target control op-
eration at Galana Ranch also failed to control G. longipen-
nis as effectively as G. pal/idipes, although it was
eradicated in one out of three blocks (apiyo et al., 1990).

In conclusion, the results presented here suggest that
at Galana Ranch the control of G. pal/idipes should be at-
tempted with targets or traps (either NG2G or Epsilon
design), baited with acetone and 4-methylphenol, or
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