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Abstract

Flight traps with open vertical ba�es and refuge traps in the form of rectangular cardboard boxes
were used to catch Sitophilus zeamais and S. oryzae in Kenya. Traps baited with the aggregation
pheromone (Sitophilure), and for the ®rst time traps baited with pheromone and food bait (cracked
wheat), were ®eld tested. Both traps types were e�ective in capturing Sitophilus spp and gave higher
weevil catch when baited with pheromone and cracked wheat combined than with pheromone or
cracked wheat alone. The combination of pheromone and cracked wheat had an additive e�ect on trap
catch and not a synergistic e�ect as reported in earlier laboratory trials. Di�erent pheromone loadings
of 0.5, 1 and 2 mg were tested. The catch of S. zeamais in ¯ight traps rose signi®cantly with increasing
dosage. For refuge traps, the same e�ect was observed although the di�erence between 1 mg and 2 mg
was not statistically signi®cant. The trend was for increasing S. oryzae catch with dosage, although total
catches were very much lower than those for S. zeamais, and di�erences did not prove statistically
signi®cant. Traps placed on the ¯oor near infested maize cribs captured signi®cantly more Sitophilus spp
than those actually placed in the cribs. Adult Sitophilus captured were sexed and in both ¯ight and
refuge traps the sex ratio was biased in favour of females even though the sex ratio of weevils from
infested maize cobs, which were the source of the captured weevils, was approximately even. 7 2000
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1. Introduction

The weevils Sitophilus zeamais Motschulsky and Sitophilus oryzae (L.) are commonly found
attacking various cereal grains throughout the tropics. Infestation may start in the mature crop
standing in the ®eld and continue in the granary where considerable losses can occur (Haines,
1991). E�ective methods for monitoring these pests are required for both research purposes
and the implementation of rational pest management regimes. To date research on ¯ying
Sitophilus spp has relied on the use of relatively cumbersome mechanical suction traps which
require an electrical supply (Giles, 1969; Taylor, 1971). An alternative could be the use of
pheromone traps baited with `Sitophilure' (4S, 5R)-5-hydroxy-4-methyl-3-heptanone, an
aggregation pheromone released by males of both S. zeamais and S. oryzae (Schmu� et al.,
1984; Phillips et al., 1985; Walgenbach et al., 1987). However, investigation of pheromone
trapping has been restricted to laboratory studies on walking Sitophilus spp (Walgenbach et al.,
1987; Trematerra and Girgenti, 1989) and a preliminary ®eld study in Kenya on trapping both
¯ying and walking beetles (Hodges et al., 1998).
In the preliminary ®eld trial, combinations of Sitophilure and maize volatiles were tested as

baits in refuge (crevice) and ¯ight trap (Hodges et al., 1998). Catches of S. zeamais in both
trap types were low and the pheromone/maize volatile combination did not result in any
improvement in trap catch even though earlier laboratory studies of S. zeamais had shown that
Sitophilure combined with three volatile chemicals, known to be associated with fresh grain,
gave much better catches than either component alone (Phillips et al., 1993). The objectives of
the current study were to investigate various means of improving the catch of S. zeamais and
S. oryzae in refuge and ¯ight traps under ®eld conditions. A combination of Sitophilure with
cracked wheat was tested as earlier laboratory trials had shown that there was a synergistic
response to this combination (S. zeamais Ð Walgenbach et al., 1987) or when this pheromone
was combined with cracked maize or rice kernels (S. oryzae Ð Trematerra and Girgenti, 1989).
The investigations also included observations on a range of initial loadings of Sitophilure and
the e�ects of placing refuge traps away from, rather than in, infested maize cribs. The study
was undertaken in the same location as that of Hodges et al. (1998) but using more open trap
types since catch of another storage pest, Prostephanus truncatus (Horn), was much improved
by using more accessible traps (Key et al., 1994).

2. Materials and methods

2.1. General

Experiments were undertaken in and round an open sided barn (8 � 22 m) at Kiboko in
southern Kenya, from October±November 1997. Weather conditions at this time of year were
good with mean temperatures about 268C and minima and maxima 18 and 328C respectively.
The barn contained six experimental maize cribs, each ®lled with 60 kg of dehusked maize cobs
(hybrid 614) recently fumigated with phosphine, arranged in a circle around a similar, seventh
crib. Maize cribs were constructed of wooden poles and 2.5 cm chicken-wire netting, had sides
of 60 cm (giving a volume of 216 l) and stood on 1 m legs ®tted with rat guards. The bottom
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of each crib was lined with plastic sheeting. The six outer cribs were 3 m apart and 3 m from
the central crib and were lightly seeded with local strains of S. zeamais and S. oryzae; 400
adults per species of unknown sex and age. The central crib, which was to act as the main
source of infestation for the experiment, was seed with 4000 of each species. Test monitoring of
the weevils was undertaken by placing refuge traps on the ¯oor of the barn or actually in the
maize cribs, through a narrow wooden box open at the ends, which was built into each crib.
The boxes protruded into the stored maize at 1.3 m above ground level to a depth of 18 cm
and were wide enough to enable placement and retrieval of traps. Refuge traps were placed in
the experimental cribs on the side facing the infestation source. For ¯ying weevils, ¯ight traps
were placed outside the barn at a distance of 3 m from the wall.

2.2. Lures and dispensers

Sitophilure was prepared at the Natural Resources Institute (NRI), UK, from
propionaldehyde and 3-pentanone in the presence of potassium hydroxide. This yielded a 2:1
mixture of R� S� and R� R� diastereoisomers, thus containing 33% of the active 4S, 5R
enantiomer. The pheromone was mixed with an equal weight of an antioxidant 2,6-di-tert-
butyl-4-methylphenol and impregnated into polyethylene capsules (8 mm O.D.� 26 mm with a
wall thickness of 1 mm, Just Plastics Ltd) which acted as slow-release dispensers. The capsules
were loaded with 0.5, 1 or 2 mg of Sitophilure.
The cracked wheat bait was prepared from whole bread wheat (Kenya Kongoni variety) by

spreading the grain in a single layer on a thick plastic bag and cracking by gently hitting with
a ball-peen hammer. The wheat had been obtained from Molo in the Rift valley, had been
stored in jute bags for two weeks since harvesting and had no signs of Sitophilus infestation.
Cracked wheat (4 g) was contained within traps in rectangular cages of ®ne wire mesh (size
250 mm), folded and held in place using Araldite glue.

2.3. Monitoring of Sitophilus using refuge traps

Refuge traps were made from 2 mm thick, white cardboard sheet (Oecos Ltd, UK) which
was coated with plastic for protection against the weather and had no corrugations. They were
of rectangular design, measuring 10 � 9 � 2 cm, and were open on the two longer sides when
assembled. The traps had no stepping plates or ¯aps to guide insects in. To kill any weevils
that entered, the traps were treated on the inner surface with contact insecticide, then folded
and held together using rubber bands. Each square metre of trap inner surface was sprayed
with 30 cm3 of water containing 12 g Actellic Super wettable powder, giving permethrin 1 g
and pirimiphos methyl 2.5 g a.i/m2.
In the ®rst test, refuge traps were placed in the maize cribs and were loaded with one of the

six treatments (Table 1). Trapping was initiated eight weeks after seeding the maize cribs with
weevils. One trap was placed in each crib and each treatment was applied singly to each of the
six cribs according to a randomised Latin square design. Treatments were changed weekly for
six weeks, giving a total of six replicates per treatment. Adult weevils captured were counted
and placed in labelled vials containing 70% alcohol for subsequent sexing and dissection of
genitalia for species identi®cation. In a second test, the catch of weevils in traps placed in
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maize cribs was compared with that of traps placed on the ¯oor of the barn. The traps on the
¯oor were located at a central point between the legs of each crib. The traps in this test were
loaded with one of three treatments, 2 mg Sitophilure, 2 mg of Sitophilure plus 4 g of cracked
wheat or had no attractant (control). Treatment positions were allocated according to a
randomised Latin square design, covering a period of three weeks, with two replicates of each
treatment weekly, giving a total of six observations per treatment.

2.4. Monitoring of Sitophilus using ¯ight traps

Flight traps were constructed with the same white cardboard as used for the refuge traps
and secured using Araldite glue. The ¯ight traps were of open design with vertical ba�es
(made from two intersecting pieces of card 8 � 14 cm) sandwiched between 15 cm square end
plates (Fig. 1). A top centre portion of the ba�e (6 � 4 cm) was cut away so that pheromone
and food attractant dispensers could be suspended by pieces of wire from the top plate, thus
providing an unobstructed pathway for air movement to e�ect dispersal of pheromone and
food odours. The inner surfaces of the trap structure were lined with non-setting glue (Bird
Tangle-foot, Rentokil Ltd) to entrap insects. The traps were suspended from posts at 1.4 m
above the ground and arranged in six positions, 5 m apart, in a semi-circle around the barn at
a distance of 3 m from the wall. Six treatments were tested (Table 2) being allocated to each of
the six trap positions according to a randomised Latin square design. Treatments were re-
allocated to a new position weekly for six weeks, giving a total of six replicates per treatment.
Adult weevils captured by traps were removed weekly and placed in labelled vials containing
petroleum spirit to remove the non-setting glue before sexing and dissection of genitalia for
identi®cation.

Table 1
Meana and log-transformed mean (catch+1) for Sitophilus zeamais and Sitophilus oryzae captured in refuge traps

baited with pheromone and cracked wheat (4 g)

S. zeamais S. oryzae

Treatment Mean Transformed meansb Mean Transformed meansc

Sitophilure 2 mg+cracked wheat 24.8 3.223ad 5.0 1.7674a
Sitophilure 2 mg 20.3 3.013b 3.0 1.3275ab
Sitophilure 1 mg 17.8 2.880b 2.3 1.0661b

Sitophilure 0.5 mg 13.0 2.591c 2.3 1.0289b
Cracked wheat 11.3 2.457c 2.0 0.9810b
Blank (control) 3.5 1.480d 1.3 0.7127b

a Mean of 6 replicates.
b SED between two transformed means=0.076.
c SED between two transformed means=0.296.
d Values in the same column not followed by the same letter are signi®cantly di�erent P<0.05.
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2.5. Identi®cation and sexing of Sitophilus spp

Weevils trapped were sexed and then identi®ed to species according to features of genital
morphology (Halstead, 1963). To compare the sex of weevils captured in refuge traps with that
of the population in maize cribs, an assessment was made of those beetles remaining in the
maize cribs at the end of trapping period. Fifteen maize cobs were removed from each of the
six experimental cribs and infestation source, with ®ve cobs randomly picked from top, middle
and bottom. The cobs from each crib were hand shelled and the resulting grain passed across a
round-holed screen (mesh diameter 4.75 mm) to separate insects from the grain. The weevils
were then separated from dust by passing across a round-holed screen (mesh diameter
1.18 mm); 100 weevils were selected at random, sexed and identi®ed to species.

Fig. 1. Design of ¯ight trap baited with pheromone capsule and food lure.

Table 2
Meana and log-transformed mean (catch+1) for Sitophilus zeamais and Sitophilus oryzae captured in ¯ight traps
baited with pheromone and cracked wheat (4 g)

S. zeamais S. oryzae

Treatment Mean Transformed meansb Mean Transformed meansc

Sitophilure 2 mg+cracked wheat 22.2 3.122ad 3.2 1.3951a

Sitophilure 2 mg 17.8 2.896b 2.2 1.0965a
Sitophilure 1 mg 14.3 2.674c 2.2 1.0965a
Sitophilure 0.5 mg 11.2 2.452d 2.0 0.9134a
Cracked wheat 9.7 2.265d 2.3 1.1444a

Blank (control) 3.0 1.375e 0.8 0.5296b

a Mean of 6 replicates.
b SED between two transformed means=0.098.
c SED between two transformed means=0.265.
d Values in the same column not followed by the same letter are signi®cantly di�erent P<0.05.
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2.6. Data analysis

Di�erences in trap catch according to treatment, position and week were determined by a
multifactor analysis of variance (ANOVA) for each of the two weevil species using
Statgraphics Plus for Windows version 1.11 package (Manugistics Corporation). Prior to
analysis trap catch data were transformed (ln (catch+1)) to normalise variance in catch for
each treatment. The standard error of di�erence (SED) between two means was calculated. The
probability of mean values occurring by chance was considered to be less than 5% level (P <
0.05) where the di�erence between two means was at least twice the value of the SED.
Statistical di�erences between the sex ratio of weevils in the traps and in the infestation sources
were investigated using the chi squared (w 2) test.

3. Results

3.1. Sitophilus spp captured by refuge traps placed in maize cribs

The catch of S. zeamais in traps baited with either pheromone or pheromone combined with
cracked wheat showed no evidence of di�erence for trap positions, but there was very strong
evidence of di�erence among treatments (F5,20=131.93, P< 0.0001) and between the weeks of
the test (F5,20=34.71, P < 0.0001). The signi®cant di�erence in weeks of treatment suggests
that the weevil population in the cribs increased with time. The catch of weevils associated
with the combination of Sitophilure (2 mg) and cracked wheat was signi®cantly better than
either of these components alone (Table 1). When pheromone was applied on its own as a lure
the catch of S. zeamais increased with increasing dosage, but the increase shown by 2 mg over
1 mg pheromone was not statistically signi®cant (Table 1). The cracked wheat by itself was a
relatively poor attractant although not signi®cantly less attractive than a bait consisting of
0.5 mg of Sitophilure.
Relatively few S. oryzae were captured compared with S. zeamais, on average about six

times more S. zeamais were trapped (Table 1). The catch of S. oryzae showed no evidence of
di�erence among trap positions or between weeks, but there was strong evidence of di�erence
among treatments (F5,20=2.98, P = 0.0359). The combination of Sitophilure (2 mg) and
cracked wheat was responsible for attracting more weevils than either component alone
(Table 1) although the improvement in catch was not statistically signi®cant when this was
compared with Sitophilure (2 mg) alone. Mean catches of traps loaded with di�erent
concentrations of pheromone did not di�er signi®cantly (Table 1).
Two limitations of the design of the refuge traps came to light during the test. First some

weevils attracted to traps subsequently dispersed but having been in contact with the insecticide
treatment lining the traps died close to, but outside, the traps. These weevils were not counted
as part of the trap catch. Second, considerable care had to be exercised in handling the traps to
avoid insects falling out and so being lost from the count.
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3.2. Sitophilus spp captured by ¯ight traps

Both species of weevil were observed ¯ying near the traps, some landed on the trap tops and
then walked to baits, others landed on the ba�es close to the baits. The actual numbers of
weevils captured in ¯ight traps were similar to those captured in refuge traps (Tables 1 and 2).
The catch of S. zeamais in ¯ight traps showed no evidence of di�erence in trap position, but

there was very strong evidence of di�erence between treatments (F5,20=79.01, P< 0.0001) and
between weeks of treatment (F5,20=20.31, P < 0.0001). The signi®cant di�erence in weeks
suggests increasing weevil dispersal with time. The catch of weevils in traps baited with
Sitophilure/cracked wheat combination was signi®cantly better than either of these components
alone (Table 2). When pheromone was applied on its own as a lure the catch of S. zeamais
increased with increasing dosage (Table 2). The cracked wheat by itself was again a relatively
poor attractant although not signi®cantly less attractive than a bait consisting of 0.5 mg of
pheromone.
Again relatively few S. oryzae were captured compared with S. zeamais, with an average of

about six times more S. zeamais. The catch of S. oryzae showed no evidence of di�erence
among trap positions or between weeks, but there was some evidence of di�erence among
treatments (F5,20=2.55, P= 0.0613). However, the only statistically signi®cant di�erences were
between treatments and the control (Table 2). The earlier trend for the Sitophilure/cracked
wheat combination to attract considerably more weevils was apparent (Table 2). The mean
catches of traps baited with di�erent concentrations of pheromone did not di�er signi®cantly
(Table 2).

3.3. Comparing the e�ect of trap type on the capture of Sitophilus

Refuge and ¯ight traps were both e�ective in capturing Sitophilus. There was very strong
evidence of di�erence in the number of S. zeamais captured between trap types (F1,55=16.92,
P < 0.0001), and among weeks (F5,55=52.66, P < 0.0001) and attractants (F5,55=208.22,
P < 0.0001). Refuge traps captured signi®cantly more S. zeamais than ¯ight traps (Table 3)
although actual di�erences in numbers captured were not great. For S. oryzae, there was no

Table 3
Meana and log transformed means (catch+1) for Sitophilus zeamais and S. oryzae captured by ¯ight and refuge

traps

S. zeamais S. oryzae

Trap type Mean Transformed meansb Mean Transformed meansc

Refuge 15.1 2.6077ad 2.7 1.0475a

Flight 13.0 2.4643b 2.1 1.0038a

a Mean of 36 replicates.
b SED between two transformed means=0.035.
c SED between two transformed means=0.132.
d Values in each column not followed by the same letter are signi®cantly di�erent P<0.05.
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evidence of di�erences in the number captured among trap types or positions but very strong
evidence of di�erence among weeks (F5,55=2.69, P = 0.0301) and treatments (F5,55=4.30,
P=0.0023).

3.4. Sitophilus captured by refuge traps placed in maize cribs or on the ¯oor of the experimental
barn

More weevils were caught in traps placed on the ¯oor of the barn than in traps placed in the
maize cribs (Table 4). The catch of S. zeamais di�ered signi®cantly between the two placements
of refuge traps (F1,25=15.8, P < 0.0005) and between treatments (F2,25=640.89, P < 0.0001).
The pattern of results was very similar for S. oryzae: again there was a strong di�erence among
treatments (F2,25=33.89, P < 0.0001) but trap placement (¯oor vs crib) narrowly failed to
show statistical signi®cance (F2,25=3.3, P=0.08).

3.5. Sex of S. zeamais and S. oryzae captured in traps and extracted from maize cribs

The sex ratio of both weevils species attracted to refuge traps (Table 5a) was signi®cantly
female biased; S. zeamais (w 2=4.93, df=1, P = 0.026) and S. oryzae (w 2=4.24, df=1,
P=0.039). This bias was also evident in the capture of the unbaited traps. In contrast, the sex
ratio of weevils removed from maize cribs at the end of the trapping period was close to unity
(Table 5b), suggesting that more females than males are attracted to the refuge traps.
Baited and unbaited ¯ight traps gave similar results; the sex ratio of S. zeamais was very

signi®cantly di�erent from unity (w 2=4.97, df=1, P < 0.026) and was uniformly in favour of
females (Table 5c). The same trend was observed for S. oryzae in ¯ight traps but the result was
not statistically signi®cant (w 2=1.947, df=1, P<0.163).

4. Discussion

These studies con®rm the observations of Hodges et al. (1998) that S. zeamais and S. oryzae

Table 4
Meana number and log-transformed means of S. zeamais and S. oryzae captured in refuge traps placed in maize

cribs or on the ¯oor below the cribs

S. zeamais S. oryzae

Trap placement Mean Transformed meanb Mean Transformed meanc

In crib 18.3 2.6981ad 2.5 1.0476a
On ¯oor 23.4 2.8881b 4.2 1.3405a

a Mean of 18 replicates.
b SED between two transformed means=0.047.
c SED between two transformed means=0.161.
d Values in each column not followed by the same letter are signi®cantly di�erent P<0.05.
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are attracted to sources of Sitophilure when walking or ¯ying. The catch of S. oryzae was very
much lower than that of S. zeamais. This resulted from the di�erence in size between the two
populations of weevils; ®ve times as many S. zeamais as S. oryzae were retrieved from selected
cobs at the end of the test. For S. oryzae there were few signi®cant di�erences among the
numbers of weevils attracted to the various lures in either trap type. However, the proportion
of total catch contributed by each treatment was generally much the same as for S. zeamais,
suggesting that the behaviour of the two species was similar. The failure to show statistically
signi®cance di�erences for S. oryzae appears to be due to the e�ect of natural variation on a
much smaller overall catch.
In an earlier, preliminary study on trapping S. zeamais (Hodges et al., 1998), both refuge

and ¯ight traps were used. The refuge traps were similar to those of the current study but the
funnel traps had much more restricted access. In the preliminary study, an average of 3.25 and

Table 5
Sex ratios of adult S. zeamais and S. oryzae captured in refuge and ¯ight and from maize cobs remaining in maize
cribs at the end of trapping period

S. zeamais S. oryzae

Treatment Male Female % males Male Female % males

(a) Refuge traps
Sitophilure 2 mg+cracked wheat 61 89 40.6 14 16 46.6

Sitophilure 2 mg 49 73 40.2 7 11 38.9
Sitophilure 1 mg 38 48 44.2 3 10 23.0
Sitophilure 0.5 mg 28 39 41.8 5 7 41.7

Cracked wheat 31 37 45.6 3 9 25.0
Blank(control) 9 12 42.9 2 6 25.0
Total 228 318 41.7 36 60 37.5

(b) Flight traps

Sitophilure 2 mg+cracked wheat 58 74 43.9 7 12 36.8
Sitophilure 2 mg 46 61 27.3 6 7 46.2
Sitophilure 1 mg 38 48 44.2 3 10 23.1

Sitophilure 0.5 mg 28 39 41.8 5 7 41.6
Cracked wheat 26 32 44.8 5 9 35.7
Blank(control) 7 11 38.8 2 3 40.0
Total 203 265 43.4 28 48 36.8

(c) Maize cribs
Crib 1 47 44 51.6 4 5 44.5
Crib 2 44 41 51.7 7 8 46.7

Crib 3 39 43 47.5 10 8 55.5
Crib 4 48 45 51.6 3 4 42.8
Crib 5 45 47 48.9 4 3 57.2
Crib 6 44 40 52.3 7 9 43.8

Crib 7 35 38 47.9 15 12 55.6
Total 302 298 50.3 50 49 50.5
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1.33 S. zeamais were captured in refuge traps and ¯ight traps respectively while in the present
study captures were much higher; on average 20.3 in refuge traps and 17.8 in ¯ight traps. For
the ¯ight traps the greater catch may, in part, be due to easier access and the fact that traps
were located closer to the main source of infestation, i.e. were positioned only 3 m, rather than
15 m, away from the barn. However, the much stronger performance of the refuge traps, which
were of similar design between the studies, suggests that there is a major di�erence between the
two in the numbers of dispersing weevils. The trap designs used in the current study were
adequate for research purposes but the open nature of the ¯ight trap would make it generally
unsuitable for routine use since it would soon be adversely a�ected by weather conditions and
dust would accumulate on the exposed sticky surfaces. The refuge traps need to be redesigned
to ensure better retention of the weevils that enter them.
It is well known that the attractive properties of pheromone lures may be enhanced by

combination with food baits (Chambers, 1990). In the case of S. zeamais and S. oryzae, two
laboratory studies have shown that a combination of Sitophilure and various cracked cereals
(wheat, maize and rice) can be strongly synergistic (Walgenbach et al., 1987; Trematerra and
Girgenti, 1989). In the current ®eld studies, the pheromone and food combination was much
better than either of the baits alone although the e�ect was at most additive rather than
synergistic, i.e. the catch of traps with both components was about equal to the sum of the
catches of traps holding the components separately. At this stage, it is only possible to
speculate on the cause of the di�erence. In the two laboratory studies, smaller amounts of
pheromone were used, 300 ng or 10 mg to 1 mg rather than 0.5±2 mg. However, the weevils
may have been exposed to much higher amounts of pheromone as this was released from
rubber septa which would be expected to give a much faster release rate than plastic capsules
(D.R. Hall, personal communication, 1998). Tests were run for less than one day, not seven
days, and the weevils were released only 25 cm from the attractant. The close proximity of the
lures to the beetles at the start of the test, disturbance caused by experimental procedures,
which in the case of Sitophilus spp can cause a burst of dispersal activity, and the greater
exposure to pheromone may all have contributed to a considerably greater weevil response to
the combined bait. It may also be that the quality or quantity of volatiles from the Kenyan
variety of wheat were inferior to those from the three cereals used in the laboratory
experiments; however there is no particular reason to believe that this was the case.
In the current study, the catch in both refuge and ¯ight traps increased with dosage of

Sitophilure. It is known that adults of Sitophilus granarius become arrested when they
approach a high concentration of Sitophilure (Plarre, 1994). There is no evidence from earlier
laboratory studies that this can also occur in S. zeamais and S. oryzae. However, if it does
then the concentrations used in the traps in this ®eld trial were below the threshold at which
arrest would occur at a distance from the traps. Trap catch might still be improved by
increasing the amount of Sitophilure in the plastic capsules and this might also improve the
response to the Sitophilure/food bait combination. It seems possible that an improved catch of
weevils in refuge traps could be achieved by further manipulation of the pheromone release
rate and the food bait. The work of Phillips et al. (1993) con®rmed that the oils of various
food materials were relatively unattractive to S. oryzae but showed the reverse to be true of the
volatiles valeraldehyde, maltol and vanillin, which when combined together with Sitophilure
acted synergistically in laboratory bioassay. Further study to determine the components of
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cereals that are important in stimulating the response could be of particular value in helping to
predict the attractive properties of food/pheromone combinations.
Refuge traps placed in maize cribs or on the ¯oor, away from food, were both e�ective in

capturing Sitophilus although signi®cantly more were trapped by those placed on the ¯oor.
There are two possible reasons for this. The traps on the ¯oor may have been sampling a
larger population. This may be the case as the central crib, which had no traps directly
associated with it, would have contributed a large number of dispersing beetles that, if walking,
would ®rst encounter traps placed on the ¯oor. In addition to this, many weevils may not have
responded to the traps in the cribs but might have only been sensitive to the lures once they
had departed from the crib. This would not be surprising as traps placed in cribs would be in
competition with pheromone and food volatiles generated within the cribs. Similar though
more extreme behaviour has been observed in P. truncatus, where females within a food source
will not respond at all to males releasing pheromone, even if the female is unmated (Hodges
and Dobson, 1998). It would appear that when monitoring Sitophilus spp there is an advantage
in placing traps at a distance from the food source. However, as traps on the ¯oor of the barn
and in the cribs were deployed at the same time it is not certain that this di�erence would be
maintained if they were tested in isolation. It would be of interest to con®rm that this
di�erence between traps in the cribs or on the ¯oor is maintained when traps are tested in
isolation and to determine the optimal distance between trap and food source.
The catch of Sitophilus spp in ¯ight traps, which were placed at 3 m from the experimental

barn, was similar to, but a little smaller than that of the refuge traps. This small di�erence was
statistically signi®cant. The similarity in size of catch in the two trap types may be interpreted,
at least tentatively, as an indication that there were as many weevils dispersing by ¯ight as
there were by walking. This good performance by ¯ight traps is likely to have resulted from
the very close proximity of the traps to the source of infestation. However, under practical
conditions ¯ight traps would often be required to monitor at considerably greater distances
from sources of infestation and tests of their performance further from an infestation source
are required.
One of the reasons for testing ¯ight traps so close to the barn (only 3 m away) was that

large catches of ¯ying Sitophilus spp in pheromone baited traps were not expected. It has been
suggested that S. zeamais does not ¯y until at least 5 days old (Kiritani, 1959) and that this
species does not respond to pheromone when 7 days or older (Walgenbach and Burkholder,
1986). Thus there might only be a `narrow window of opportunity' where the weevils are both
old enough to ¯y but still young enough to respond to the pheromone. As might be expected,
refuge traps caught consistently more Sitophilus than ¯ight traps (varying from about 10 to
19% more depending on the bait used). However, if the refuge trap were able to sample a
substantially larger proportion of the population, i.e. those able to walk and still responsive to
pheromone, then a much greater di�erence would have been expected in the catch. Further
research is required to establish which portion of the population is actually entering the two
trap types.
In both trap types and for both species, females predominated in the catch, being about ten

percent more common than expected. This bias in sex ratio was apparent even in the capture
of unbaited traps. In contrast, the weevils in the infested maize appeared to have had an
almost equal sex ratio (Table 5c) and in other studies of Sitophilus dispersing from maize
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stores, where suction traps have been employed (Giles, 1969; Williams and Floyd, 1970), a
more or less equal sex ratio was found. Female-biased trap catches have been observed for
Prostephanus truncatus catches in both ¯ight (funnel) and refuge traps (Hodges et al., 1998)
and in that case it seems likely that males were less inclined to approach the pheromone source
since this would be associated with greater competition with other males for mates and food
(Hodges and Dobson, 1998). In view of the fact that unbaited traps consistently captured fewer
male than female Sitophilus, the phenomenon does not appear to be related to the bait placed
in traps but is clearly related to other aspects of weevil behaviour.
Traps baited with food and Sitophilure clearly have good potential for monitoring both

¯ying and walking S. zeamais and S. oryzae. However, greater understanding of weevil
responses to lures and re®nement of trapping methodology are both required before traps can
be used to gather meaningful data for research and pest management purposes.
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